
Centrifugation Speed Affects Light Transmission Aggregometry

Michael Merolla, BA, Michael A Nardi, BS, and Jeffrey S Berger, MD, MS
New York University School of Medicine, New York, NY, USA, Departments of Medicine and
Pediatrics

Abstract
BACKGROUND—Light transmission aggregometry (LTA) is considered the gold-standard for
investigating platelet activity ex vivo. However, LTA protocols are not standardized and
differences in LTA procedure are a potential source of variance in results. Centrifugation speed is
an essential component of platelet preparation in LTA, has yet to be standardized, and may affect
platelet aggregation results. We sought to investigate the effect of relative centrifugal force (RCF)
intensity on LTA results.

METHODS—Ten healthy controls had venous blood drawn and centrifuged at 150g, 200g, 300g,
and 500g for 10 minutes. Cell counts in whole blood and PRP were measured using a hematology
analyzer. LTA was performed using 1.0uM ADP and 0.4uM epinephrine as an agonist.
Aggregation (%) was compared at 60, 120, 180, and 300 seconds (s) and at maximum aggregation.

RESULTS—Centrifugation speed was associated with decreasing platelet count (P<0.001) and
decreasing MPV (P<0.001) in platelet rich plasma. Maximum aggregation decreased with
increasing speeds for ADP 1.0uM (150g-89%, 200g-93%, 300g-71%, 500g-17%; P<0.001).
Similar findings were noted at 120s (150g-69%, 200g-50%, 300g-35%, 500g-12%; P<0.001),
180s (150g-82%, 200g-74%, 300g-44%, 500g-13%; P<0.001), and 300s (150g-85%, 200g-88%,
300g-55%, 500g-14%; P<0.001). Consistently, platelet aggregation in response to epinephrine
0.4uM decreased significantly with increasing centrifuge RCF at 60s, 120s, 180s, 300s, and at
maximum aggregation (P<0.05 for each comparison).

CONCLUSIONS—Our data demonstrate the importance of centrifugation speed in the
interpretation of LTA results, supporting the need for standardization of centrifugation RCF in
LTA protocols.
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Introduction
Light transmission aggregometry (LTA) is the gold-standard for investigating platelet
aggregation ex vivo. A recently conducted survey from the International Society of
Thrombosis and Haemostasis (ISTH) reported a wide range in LTA protocols among
research and clinical laboratories world-wide and suggested the need for LTA protocol
standardization[Cattaneo et al 2009]. This survey reported discrepancies in LTA protocols
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regarding agonist concentrations, duration of assay, time-frame of performance, stirring
parameters, and preparation of platelet rich plasma (PRP). Differences in procedures across
laboratories make it difficult to compare LTA results across samples performed with
different protocols.

Many parts of LTA have been studied and optimized. However, to our knowledge, no study
has investigated how centrifugation may affect LTA results. Increasing centrifugation speed
may remove larger, more active platelets. Furthermore, centrifugation can disturb and
activate remaining platelets, thereby decreasing platelet aggregation in subsequent
LTA[Sixma 1972]. Though platelets recover from centrifugation and show increased
aggregation following a 30-minute rest after centrifugation[Cattaneo 2009], it is not known
if platelets fully regain aggregability. The degree of centrifugation may affect LTA
variability. In 1988, the British Committee for Standards in Haematology (BCSH)
Haemostasis and Thrombosis Task Force provided guidelines for performing
LTA[Guidelines on Platelet Function Testing 1988]. To obtain PRP, the BCSH
recommended centrifuging at 170 × g for 10 minutes[Guidelines on Platelet Function
Testing 1988]. In the recent ISTH survey, PRP was most frequently prepared by
centrifuging blood at 150 × g for 10 minutes in 78% of all sites (thus almost a quarter of all
sites were using another method) [Cattaneo et al 2009]. Furthermore, methodology for
obtaining PRP in the literature is quite heterogeneous; various reports use centrifugation to
generate PRP using relative centrifugal force (RCF) as low as 80 × g to as high as 500 × g
for different intervals of time [Breddin 2005, Naylander et al 2006, Sbrana et al 2008, Yee et
al 2005]. The goal of the current study is to investigate the effect of whole blood centrifuge
speed, over a constant time interval, on platelet count, mean platelet volume, and LTA.

Methods
Healthy subjects that reported no use of aspirin or NSAID in the 10 days prior to
participation, no bleeding disorders, nor any other significant medical history, were selected
for participation in this study. Blood was drawn using a 21-gauge needle. The first 2ml was
discarded and the remaining blood was collected into a vacutainer tube containing EDTA for
complete blood count (CBC) and vacutainers containing 3.2% (0.105 moles/liter) sodium
citrate for LTA (Becton Dickenson, Franklin Lakes, NJ). Complete blood count was
performed within 30 minutes of phlebotomy. Blood drawn into citrated vacutainers were
randomly selected to be spun at 150 × g, 200 × g, 300 × g, and 500 × g for 10 minutes, each
separated by 30 minutes intervals. The order of centrifugation was random in each of the 10
samples. In earlier samples, tubes were also spun at 80 ×g and 120 × g, but samples did not
yield sufficient PRP to perform an adequate number of LTA runs.

Whole blood and PRP CBC were performed using a Sysmex (Mundelein, Illinois) XE-2100
analyzer. White blood cell count (WBC), hematocrit (HCT), platelet count (10^3 cells/µL),
and mean platelet volume (MPV) were measurements of interest. LTA was performed using
the Helena (Beaumont, Texas) AggRAM light transmission aggregometer, reagents,
cuvettes, and stir bars. Agonists were purchased from a single lot at the onset of the study.
LTA was performed according to manufacturer’s specification and tests ran for 10 minutes.
Platelet aggregation (%) was recorded at 60 seconds (s), 90s, 120s, 180s, 300s, and at
maximum aggregation. We tested aggregation in response to: adenosine diphosphate (ADP)
at 1µM and 4µM, and epinephrine at 0.4 µM and 1.5µM.

Statistical Analysis
Data is presented as median (interquartile range [IQR] 25th, 75th percentile), and
significance is developed at the 5% probability level. Statistical analysis was performed
using non parametric related sample Friedman’s two-way analysis of variance by ranks and
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Wilcoxon signed ranks test. Calculations were performed using SPSS version 13.0 (SPSS
Inc., Chicago, IL, USA)

All participants provided informed consent before participation in the study approved by the
local institutional review board

Results
Median whole blood platelet count was 249 (180, 293.3) and MPV was 9.4 (8.1, 9.8)
femtoliters (fl). Complete blood count demonstrated a significant association between
centrifuge RCF and platelet count and MPV. Increasing centrifuge RCF decreased the
platelet count (150 × g- 464.5 [399, 536.3], 200 × g- 441.5 [382, 540], 300 × g- 375.5
[338.8, 453.3], 500 × g- 257.5 [187.8, 345]; P<0.001) and MPV (150 × g- 8.1 fl [7.2, 9.0],
200 × g- 7.8 fl [7.1, 8.8], 300 × g- 7.7 fl [6.8, 8.5], 500 × g- 6.7 fl [6.1, 7.5]; P<0.001). When
comparing platelet count between individual centrifugation RCFs, there were significant
differences among the following: 500 × g vs 300 × g, 500 × g vs 200 × g, 500 × g vs 150 ×
g, 300 × g vs 200 × g, 300 × g vs 150 × g (P≤0.01 for each comparison, see figure 1a).
Platelet count was not significantly different comparing 200 × g vs 150 × g (P=0.203).
Significant differences in MPV were detected between each centrifuge RCF (P≤0.01 for
each comparison, see Figure 1). Hematocrit and WBC were not associated with centrifuge
RCF (data not shown).

Increased centrifuge RCF resulted in lower platelet aggregation. In response to 1 µM ADP,
maximum platelet aggregation decreased with increasing centrifuge RCF (150 × g – 89%
[51.1, 92], 200 × g – 92.8% [44, 95.1], 300 × g 71% [35.9, 95], 500 × g – 16.8% [5.3, 54.4],
P<0.001). This data was consistent at multiple time points, including 120s (150g-69% [13.5,
82], 200g-50% [24.4, 73], 300g-34.5% [10.5, 67.5], 500g-12% [0, 33.1]; P<0.001), 180s
(150g-82% [13, 88.5], 200g-74% [34.5, 82.9], 300g-43.5% [19.5, 84.5], 500g-12.3% [0,
37.5]; P<0.001), and 300s (150g-85% [32.3, 90.5], 200g-88% [38.3, 28.8], 300g-54.8%
[28.8, 91.3], 500g-14% [0, 48.3]; P<0.001) (Figure 2a). Consistently, platelet aggregation in
response to epinephrine 0.4uM decreased with increasing centrifuge RCF at 60s, 120s, 180s,
300s, and maximum aggregation (Figure 2b). Differences in aggregation were most apparent
between 500g-150g, 500g-200g, 500g-300g, 300g-150g, and 300g-200g. No significant
difference was noted between 200g and 150g.

Centrifugation at 80 × g and 120 × g did not yield a sufficient volume of PRP to perform
LTA. Therefore, we were unable to determine the effect of centrifuge RCF lower than 150 ×
g.

Discussion
Centrifuge speed had a significant impact on platelet count, MPV and LTA. The differences
in platelet count, MPV and percent aggregation were most pronounced at the highest speed
− 500 × g. However, subtle (and potentially important) differences existed at the lower
speeds of 300 × g and 200 × g. Decreases in platelet count with increasing RCF confirm that
higher centrifuge RCF remove a larger number of platelets out of plasma. Decreases in MPV
with increasing RCF demonstrate that higher centrifuge RCF preferentially remove larger
platelets from plasma. It is well known that larger platelets are metabolically more active
and have greater prothrombotic potential[Bath & Butterworth 1996], which may explain the
decrease in aggregation with higher centrifuge speed. While changes in platelet count and
MPV account for at least some differences observed in LTA, platelet disturbance rendered
during centrifugation also may contribute to these differences.
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Since a number of studies have suggested that adjusting platelet count in plasma using
autologous platelet-poor plasma may introduce artifacts and contribute to assay
variability[Cattaneo et al 2007, Hayward et al 2008, Linnemann et al 2008], platelet count
was not adjusted for. It is uncertain if adjustment of the platelet count would attenuate some
of the present findings. Additionally, duration of centrifuge time may impact the results of
LTA; however, it was our intention to look at a single variable - centrifugation speed - and
compare different centrifugation RCFs on platelet population properties and platelet
aggregation.

Centrifugation is just one of many variables involved in PRP preparation that may affect
LTA results. Yet, unlike other variables, centrifugation in LTA has not been standardized.
As noted in the current study, using different centrifuge RCF results in changes in PRP
properties and LTA. This difference in methodology gives pause to comparing LTA from
studies with different protocols and may help explain some of the inconsistencies observed
in the field. Consequently, consideration should be given to standardize centrifugation
parameters in performing LTA.
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Figure 1.
Association between relative centrifugal force (150 × g, 200 × g, 300 × g, and 500 × g) and
mean platelet volume.
* <0.01
† <0.05
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Figure 2.
Association between relative centrifugal force (150 × g, 200 × g, 300 × g, and 500 × g) and
a) light transmission aggregometry in response to ADP 1uM, and b) light transmission
aggregometry in response to epinephrine 0.4uM.
* <0.01
† <0.05
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Table

A brief, quick, and focused summary of this study

What is known
on this topic?

• A survey from ISTH survey found that 78% of all laboratories prepare PRP by centrifuging whole blood at
150 × g for 10 minutes

• There is a lack of data regarding the optimal method of centrifugation spin

What this paper
adds?

• This study demonstrated the importance of centrifugation speed in the interpretation of light transmission
aggregometry

• Higher centrifugation speed was associated with lower percent aggregation

• This data supports the need for standardization of centrifugation RCF in light transmission protocols
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