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EFFECT OF DELAYED PREPARATION OF PLATELET POOR PLASMA ON
COAGULATION STUDIES AT ROOM TEMPERATURE
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ABSTRACT

Objective: To determine the effect of delay in the preparation of platelet poor plasma (PPP) on prothrombin time
(PT) and activated partial thromboplastin time (APTT) at room temperature (RT).

Material and Methods: It was a cross sectional study, conducted at Chughtai Institute of Pathology from January
2022 to June 2022. Total 100 healthy individuals, both males and females, participated in the study. Centrifugation
of four citrated blood samples was done at 4000 g for 10 minutes at RT; first sample at 0 hour (h), second sample
at 4 h, third sample at 8 h and fourth sample at 24 h. PT and APTT were run on each PPP using Sysmex CS-
1600.The values at different times were noted and compared through careful statistical analysis of the observed
parameters.

Results: There was statistically significant difference for PT at 24h storage time when compared with baseline
value at Oh (P value 0.0017) but no clinically relevant change up to 24h (<10% percent change). For APTT at RT,
statistically significant difference was noted at storage time of 8h (P value 0.0001) and 24h (P value <0.0001) but a
clinically relevant change was noted only at 24h (>10% percent change).

Conclusion: Blood samples for PT and APTT without centrifugation can be stored for up to 24 hours for PT at RT
and for up to 4 hours for APTT at RT. PT and APTT values will not be affected if centrifugation of citrated sample is
done within 1 hour of collection and transported at RT in small aliquots.
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INTRODUCTION for testing. Delay in the transport and difficulty in

Prothrombin time (PT) and activated partial
thromboplastin time (APTT) are the two important
and baseline coagulation tests used for different
diagnostic and therapeutic purposes. These are used
for the diagnosis of various hereditary and acquired
hemostatic  disorders and also to monitor
anticoagulant therapy i.e. PT/INR for vitamin K
antagonists and APTT for unfractionated heparin [1].
These are also the most requested tests in
Emergency Medicine in cases of sepsis and DIC [2].
These coagulation tests are affected by various pre-
analytical variables like sample collection method,
anticoagulant ratio, hematocrit, sample storage,
transportation and sample processing [3]. The CLSI
guidelines (H21-A5) recommend that the samples for
coagulation studies stored at RT should be
transported, processed and tested within 4 hours
after sample collection [4]. However, this is practically
not possible in remote areas and small towns where
specialized testing facilities are not available and the
samples have to be transported to central laboratory
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maintaining temperature during transport can affect
the test results.

Several studies have demonstrated the effect
of prolonged storage of blood samples on
coagulation studies at different temperature [5,6,7].
There is difference of opinion regarding the ideal
conditions for sample storage like for how long blood
sample is stable, either centrifuged or not and at what
temperature. Centrifugation of citrated blood sample
to prepare platelet poor plasma (PPP) is a mandatory
step in the sample processing. Salvagno et al. [8]
have demonstrated that centrifugation of blood
sample improves sample stability by minimizing the
chances of platelet activation especially when the
blood samples have to be stored at room
temperature for prolonged period of time.

We aimed to study the effect of delayed
preparation of platelet poor plasma on coagulation
studies at room temperature. This study can help in
making recommendations about the pre-analytical
conditions required for the accurate test results of PT
and APTT especially when the samples have to be
transported from the remote areas to the central
laboratory for testing. In this way, chances of errors
and discrepancies can be minimized thus ensuring
better patient care.
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MATERIAL AND METHODS
It was a cross sectional study, conducted at

Chughtai Institute of Pathology from January 2022 to
June 2022. Approval was obtained from the ethical
and research committee of the institute (IRB letter
No. CIP / IRB / 1026). Total 100 healthy individuals
above the age of 18 years, both males and females,
took part in the study. Power and sample size
calculations software version 2.1.31 for paired test
formula was used for sample size calculation with
95% confidence interval®. Informed consent was
taken from all the participants. Tourniquet was
applied almost 4 finger width above antecubital fossa.
Four blood samples were drawn from each subject in
sitting position within  one minute of applying
tourniquet from median cubital vein. The blood was
collected in tubes with 3.2% tri-sodium citrate in ratio
of blood sample: anticoagulant 9:1. Centrifugation
was done at 4000 g for 10 minutes at room
temperature (18 to 25 °C) to make platelet poor
plasma; first sample at O h (baseline sample), second
sample at 4 h, third sample at 8 h and fourth sample
at 24 h. Cut off for platelet count at <10,000 / pl was
measured on all the samples. PT and APTT were run
on each PPP using Sysmex CS-1600. The controls
were also run and checked. The values at different
hours were noted and compared through careful
statistical analysis of the observed parameters.
Healthy subjects both males and females above the
age of 18 years were included in the study. Patients
with chronic liver disease, pregnancy, hypertension,
sepsis, DIC, sickle cell disease, bleeding disorders,
or on warfarin and heparin were excluded from the
study.

Data were entered into EXCEL worksheets
and checked manually and corrected where
necessary. Normal value of PT was taken as 10.5-
13.2 seconds (s) and a value greater than 13s was

considered prolonged. Normal value of APTT was
taken as 25-32s and a value greater than 32s was
considered prolonged. Statistical package of social
sciences (SPSS) version 20:00. was used for
statistical analysis. PT and APTT values of PPP
made at different time intervals were expressed as
mean + SD. We used paired samples t-test with
confidence intervals of 95% for the comparison of
test results at different storage times of 4 hours, 8
hours and 24 hours with the results at 0 hour
(baseline value). P values of less than 0.05 were
considered  statistically  significant. Clinically
significant difference was calculated by mean
percentage change as (Test result at storage time X
— test result at baseline 0 hour / test result at baseline
0 hour x 100). A mean percentage change of more
than 10% was considered as clinically significant
according to van geest [10].

RESULTS
Mean age was 25.28 years. 71 participants

were males (71%) and 29 were females (29%). There
was no statistically significant difference in PT values
of PPP that was made immediately (Oh baseline
value) and PPP made at 4h and 8h (Table-l). Though
a statistically significant difference was noted in value
at 24h (P value <0.05) with reference to baseline,
clinically relevant changes were not noted up to 24h
and percent change difference never crossed 10%
cutoff value (Table-II).

When compared with baseline value at Oh,
APTT of PPP made at 4h showed no statistically
significant difference but there was difference in
values at 8h and 24h (Table-lll). Clinically relevant
change was observed in APTT value at 24h when
percent change difference crossed 10% cutoff value
(Table-1V).

Table-I: PT of PPP made at different hours and comparison with reference value (Oh). SD: standard deviation, N: sample

size, SE: standard error, Cl: confidence interval, *P value <0.05.

Time(s) Mean SD N Difference SE 95% ClI t P value
Oh 11.515 0.649 100 0.140 0.085 -0.0283 to 0.0397 1.641 0.1024
4h 11.655 0.553
Oh 11.515 0.649 100 0.160 0.085 -0.0075 to 0.3275 1.88 0.0610
8h 11.675 0.547
Oh 11.515 0.649 100 0.265 0.083 0.1011 to 0.4289 3.1 0.0017*
24h 11.78 0.518
Table-Il: Mean£SD of PT values of PPP made at different hours and percent change from the value at 0 hour (baseline
value).
Time (s) Mean + SD Percent change
Oh 11.515+0.649
4h 11.655+0.553 1.21
8h 11.675+0.547 1.39
24h 11.78+0.518 2.34
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Table-lll: APTT of PPP made at different hours and comparison with baseline value (0h). *P value <0.05.

Time(s) Mean SD N Difference SE 95% ClI t P value
Oh 27.84 0.813 100 0.120 0.115 -0.1072 to 0.3472 1.042 0.2988
4h 27.96 0.816
Oh 27.84 0.813 100 0.480 0.120 0.2429t0 0.7171 3.992 0.0001*
8h 28.32 0.886
Oh 27.84 0.813 100 7.650 0.142 7.3694 to 7.9306 53.7 <0.0001*
24h 35.49 1.168

Table-IV: Mean + SD of APTT values of PPP made at different hours and percent change from the value at 0 hour

(baseline value), *Percent change >10%.

Time (s) Mean + SD Percent change
Oh 27.84+0.813
4h 27.96+£0.816 0.43
8h 28.32+0.886 1.72
24h 35.49+1.168 27.47*
DISCUSSION CLSI guidelines for the coagulation studies. This is

There are three phases of laboratory testing:
pre-analytical, analytical and post analytical. Out of
these phases, pre-analytical phase is the most
vulnerable phase to errors. There are various pre-
analytical factors that can affect the quality and
reliability of coagulation test results like PT and APTT
such as collection method, anticoagulant ratio,
hematocrit, transportation, sample storage and
sample processing. According to The Clinical and
Laboratory Standards Institute (CLSI) guidelines, the
blood for coagulation studies should be withdrawn
slowly in vacuum tube containing 3.2% sodium
citrate, using 22-to-19-gauge needle [4]. Fresh
samples should be transported for analysis at RT, as
transporting the sample on ice or refrigerating the
sample before processing can affect the results of PT
and APTT either by cold precipitation of von
Willebrand (VWF) factor and factor VIII or by cold
activation of factor VII [11,12] Ideally the samples
should be processed and analyzed within 4 hours of
collection as delay in transportation may falsely
prolong the PT and APTT due to in vitro loss of
activity of labile factors (FV, FVIII) [6].

All the blood samples should be centrifuged
as soon as possible to get the platelet poor plasma
(PPP), preferably within 1 hour of collection. PPP is
defined as the plasma containing <10,000
platelets/uL (10x10°/L) [13]. Centrifugation of citrated
blood sample to prepare PPP is a mandatory step in
the sample processing. It has been shown that RT by
itself significantly activates platelets [14] in whole
blood sample, which can alter the coagulation results.
In a study by Salvagno et al. [8], it was demonstrated
that centrifugation of blood sample improves sample
stability by minimizing the chances of platelet
activation especially when the blood samples have to
be stored at RT for prolonged period of time.

It is often very difficult to maintain the
standard storage time and temperature given by

particularly important when the blood sampling is
being done at collection centers and the samples
have to be transported to the central laboratory for
processing and analysis. Delay in transport
significantly affects the coagulation test results due to
platelet activation in whole blood sample and labile
nature of coagulation factors like FV and FVIII.

Several studies have demonstrated the effect
of prolonged storage at different temperatures on
coagulation studies. In a study by Chen et al. [15], it
was shown that storage time of 72h for PT / INR at
RT is acceptable. Ogbenna et al. [9] demonstrated
that PT result was reliable only within 12h storage of
unspun blood and APTT within 6h storage at RT.
Some studies suggested a longer storage period
contrary to the current CLSI guidelines. Linskens et
al. [16] processed blood samples to PPP after
collection and then stored as aliquots at RT for
analysis at different hours. They observed a clinically
relevant change of >10% for APTT after 48h of
storage at RT and statistically significant, but no
clinically relevant differences after 48h storage for
PT. In a study by Rimac et al. [17], no statistically
significant difference between baseline values and
results in samples stored at RT and 4°C for 24h was
observed for PT and APTT.

We did centrifugation immediately after
collection to make PPP (Oh) and found that there is
no change in values of PT and APTT if this PPP is
stored at RT and run at 4h, 8h and 24h. So, we took
this value (Oh) as baseline value. PPP made by
centrifugation of citrated blood sample after 4h of
collection and after 8h of collection shows no
significant statistical and clinical difference in PT
value when compared with baseline Oh value (P
value 0.1024 and 0.0610 respectively) and a
percentage change <10%. There was statistically
significant difference in PT values of PPP made after
24h of collection when compared with baseline value
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(P value 0.0017) but there was no clinically relevant
change (percentage change <10%). Similarly for
APTT at RT, statistically significant difference was
noted at storage time of 8h (P value 0.0001) and 24h
(P value <0.0001) but a clinically relevant change
was noted only at 24h (>10% percent change). So,
our study demonstrated that there were no
statistically and clinically relevant changes in PT for
up to 24h and APTT up to 4h at RT.

CONCLUSION

There are a number of pre analytical
variables that can affect the values of PT and APTT,
thus doubting the reliability of the results of these
most commonly requested tests in medical practice.
In a central laboratory like ours, where daily we
receive a number of blood samples from the
collection centers throughout the country, it is vital to
establish the institutional guidelines that can address
the pre analytical variables associated with
coagulation testing. Due to delay in transport and
processing of samples, it is often difficult to strictly
follow the CLSI guidelines. Based on the results of
our study, we recommend that centrifugation of
citrated blood samples to separate PPP should be
done immediately after sample collection at collection
centers. The aliquots can then be transferred at room
temperature. The PT and APTT values of this PPP
remain stable for up to 24h at RT. When transported
as whole blood, PT is stable for 24h and the APTT is
stable for up to 4h at RT.

LIMITATION OF STUDY

We included healthy participants in our study
who are not using any anticoagulation therapy. Also,
we noted the effect of delayed preparation of PPP for
up to 24 hours only. So, we cannot comment on
storage conditions of samples from patients on
anticoagulation therapy and also on prolonged
storage times of more than 24 hours. Additional
studies are recommended to address these issues.
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