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Abstract 

It was recently suggested that platelet reactivity is reduced in early pregnancy. This study 

was performed to determine whether the citrated whole blood from 33 pregnant women in 

first trimester showed spontaneous platelet aggregation and whether it differed in extent 

from that of 11 non-pregnant women. Platelet count and number of platelet aggregates 

(PA) were serially determined in the same citrated whole blood specimens at 15, 30, 45, 60, 

75, and 90 minutes after blood sampling using a hematology analyzer. The number of PA 

increased significantly at 30 minutes and thereafter in both groups, but was consistently 

lower for pregnant than non-pregnant women over the 90-minute observation period. The 

platelet count decreased significantly in a time-dependent manner in both groups, but was 

significantly lower at 30 and 90 minutes for non-pregnant than pregnant women. The 

number of PA showed a significant positive correlation with net decrease in platelet count 

for both pregnant and non-pregnant women. PA counts were also significantly positively 

correlated with mean platelet volume. In conclusion, platelet reactivity monitored by the 

increase in number of PA and the fall in platelet count was reduced in early pregnancy 

compared with non-pregnant healthy controls. (194 words)

Key words: mean platelet volume, platelet reactivity, pregnancy, spontaneous platelet 

aggregation, venous thromboembolism



Highlights

Extent of spontaneous platelet aggregation (SPA) was examined.

 Pregnant women in first trimester were compared with healthy controls.

The SPA was less likely to occur in pregnant women. 

 Fall in platelet count was greater in healthy controls.

Thus, platelet reactivity was reduced in early pregnancy.



1. Introduction

Platelets play a critical role in hemostasis and thrombosis. Therefore, detection of 

enhanced platelet reactivity may be clinically useful for both primary and secondary 

prevention of vascular events and for assessing the effectiveness of antiplatelet drugs. 

However, traditional platelet function tests have limited clinical application as they require 

blood sample processing, are time consuming, labor intensive, and require skilled 

laboratory staff to perform and interpret the assay.

A single platelet has a diameter of 2 – 4 μm, while activated platelets aggregate and form 

platelet clumps with a larger diameter. When citrated whole blood is stirred or mixed in 

some other way, spontaneous platelet aggregation occurs as a result of platelet activation 

[1-4]. A hematology analyzer (CELL-DYN Sapphire Hematology System®; Abbott 

Diagnostics, Abbott Park, IL) [5] with a newly developed software package can 

specifically count the number of platelet aggregates (PA) in citrated whole blood. 

Spontaneous platelet aggregation is detected more frequently using this analyzer in chronic 

cerebral infarction patients not treated with antiplatelet drugs than in normal controls and 

chronic cerebral infarction patients treated with antiplatelet drugs [6]. Therefore, the 

number of PA detected by this analyzer is suggested to reflect the degree of platelet 

reactivity. 

Pregnancy is associated with a hypercoagulable state with increased risk of venous 

thromboembolism [7,8]. Women with antiphospholipid syndrome and essential 

thrombocythemia are likely to experience adverse outcomes such as abortion and fetal 

demise [9,10]. These adverse pregnancy outcomes may be associated with enhanced 

hypercoagulable state [9]. Physiological hyperfibrinogenemia in pregnancy concomitant 

with possible increased platelet reactivity may partly explain the hypercoagulable state in



pregnancy. Early studies regarding platelet parameters in pregnancy suggested enhanced 

platelet destruction accompanied by increased platelet production [11-14]. However, 

previous studies examining platelet activation during normal pregnancy yielded conflicting 

results—some reported increased activation [13,15,16], while others reported no change 

[17,18]. In addition, a recent report suggested that platelet reactivity to collagen was 

significantly reduced during the first trimester of pregnancy compared with that in 

non-pregnant controls [19].

The present study was performed to determine whether the citrated whole blood of 

pregnant women in first trimester exhibits spontaneous platelet aggregation and whether its 

extent differs from that in non-pregnant controls. 

2. Material and Methods

This study was conducted after receiving approval from the Institutional Review Board of 

Hokkaido University Hospital and written informed consent was obtained from all 

participants.

2.1. Participants

A total of 44 healthy women consisting of 33 pregnant women in first trimester and 11 

non-pregnant healthy women participated in this study and provided 44 blood specimens. 

None of 44 participants were positive for anti HIV-1/2 antibody and all 44 women were 

normotensive and had unremarkable medical histories. All 33 women in first trimester did 

not develop hypertensive disorders of pregnancy (HDP) and experienced uneventful 

pregnancies. Thus, all participants were considered healthy and not to have pathological 

hypercoagulability. The mean ± SD gestational week at blood sampling was 11.0 ± 1.0 



(range, 8 – 13, Table 1). Age of participants did not differ significantly between the two 

groups.

2.2. Blood sample collection 

Blood sampling was not performed at any particular time of the day, and without any 

particular time in relation to meal intake. A total of 9 – 10 mL of venous blood was drawn 

from the antecubital vein using a tourniquet and a 23-gauge needle connected to three 

successive vacuum tubes in the following order: 5 – 6 mL of blood in the first tube not 

used in this study, 2 mL of blood in the second tube containing 4.5 mg of EDTA, and 1.8 

mL of blood in the third tube containing 0.2 mL of 3.2% sodium citrate solution. Two 

tubes containing whole blood anticoagulated with EDTA and citrate, designated as EDTA 

blood and citrated blood, respectively, were used in this study. 

2.3. Measurement of platelet count and number of PA 

Two tubes containing EDTA blood and citrated blood were applied to the CELL-DYN 

Sapphire Hematology System® (Abbott Diagnostics、Abbott Park, IL) 15 minutes after 

blood sampling at room temperature. These tubes were agitated in this system that took 

approximately 3 minutes to measure platelet count, number of PA, size of immature 

platelet fraction (IPF), mean platelet volume (MPV), and hemoglobin concentration 

simultaneously. This procedure was repeated six times for each citrated blood sample to 

determine changes over time in number of PA and platelet count at 15, 30, 45, 60, 75, and 

90 minutes after blood sampling. For the platelet count in citrated blood, the corrected 

platelet count for the dilution with 0.2 mL of sodium citrate solution was used. Platelet 

count determined in the EDTA blood at 15 minutes was used as the baseline platelet count 

of each blood sample. The von Willebrand factor (vWF) antigen level was measured using 

STA®Liatest®VWF:Ag (Daignostica Stago S.A.S., Gennevilliers, France) and expressed as 



a percentage of normal activity.

2.4. Statistics

Data are presented as means ± SD. Statistical analyses were performed using the JMP®

Pro11 statistical software package (SAS, Cary, NC). Differences in the means were tested 

using the Wilcoxon rank sum test between each group, and changes in variables within a 

group were compared using the Wilcoxon signed-rank test. Pearson product-moment 

correlation coefficient was used to measure linear correlation between two variables. In all 

analyses, P < 0.05 was taken to indicate statistical significance. 

3. Results

Baseline platelet count and MPV did not differ between the two groups, while IPF and 

hemoglobin concentration were significantly lower and vWF antigen level was 

significantly higher in pregnant women than in non-pregnant women (Table 1). 

Spontaneous platelet aggregation was detected in all pregnant and non-pregnant women 

(Fig. 1). The number of PA increased significantly at 30 minutes or later after blood 

sampling in both groups and was significantly greater at 30 minutes or later (except for 60 

minutes) in non-pregnant women than in pregnant women (1018 ± 1566 vs. 196 ± 343/μL, 

respectively) (Fig. 2, left). Accordingly, platelet count decreased progressively in a 

time-dependent manner from a baseline level of 282 ± 70 vs. 297 ± 60 × 103/μL to 162 ±

52 vs. 116 ± 48 × 103/μL at 90 minutes after blood sampling in pregnant and non-pregnant 

women, respectively (Fig. 2, right). The platelet count was significantly lower for 

non-pregnant women than for pregnant women at 30 minutes (160 ± 63 vs. 207 ± 58 ×

103/μL) and 90 minutes (116 ± 48 vs.162 ± 52 × 103/μL) after blood sampling. The 

log-transformed PA count was significantly positively correlated with net decrease in 

platelet count for both pregnant and non-pregnant women (Fig. 3).



Regression analyses were performed to determine which variables determined PA counts at 

15, 30, 45, 60, 75, and 90 minutes after blood sampling. Among the four variables 

examined (MPV, IPF, vWF, and hemoglobin concentration), only MPV was significantly 

positively correlated with PA counts determined at 15 minutes (Fig. 4, left), 60 minutes, 

and 75 minutes (Fig. 4, middle) after blood sampling, and only vWF was significantly 

negatively correlated with PA counts determined at 75 minutes (Fig. 4, right). The r and P 

values ranged from - 0.01 to - 0.20 and from 0.21 to 0.96 for IPF, from - 0.07 to - 0.12 and 

from 0.45 to 0.68 for vWF vs. PA counts other than those at 75 minutes, and from - 0.01 to 

- 0.19 and from 0.22 to 0.97 for hemoglobin concentration, respectively.

As shown in Fig. 1, the size of a single PA varied over a wide range. Platelet counts 

decreased disproportionately more for the increase in number of PA in pregnant women 

compared with non-pregnant women (Figs. 2 and 3). Changes in mean number of single 

platelets forming a single PA (MNSP, number of singe platelets per single PA) were 

examined (Fig. 5). Surprisingly, the MNSP was markedly greater in pregnant women than 

in non-pregnant women; e.g., 112 ± 134 vs. 23 ± 31 × 102 (per PA) at 15 minutes (P =

0.02). In addition, the MNSP gradually decreased over the 90-minute observation period in 

both groups.

4. Discussion

This study demonstrated that the number of PA detected by the CELL-DYN Sapphire 

Hematology System® was significantly lower in women in the early stage of pregnancy 

than in non-pregnant healthy control women, and the PA count was significantly positively 

correlated with both net decrease in platelet count and MPV. These results suggested that 



“PA count by our system” reflected “likelihood of spontaneous platelet aggregation,” and 

that the platelet reactivity monitored with the increase in PA count as well as the fall in 

platelet count was reduced in early pregnancy compared with non-pregnant women. 

A gradual decline of platelet count in the whole blood anticoagulated with citrate in this 

study was consistent with the results of early studies [3, 4. The platelet count gradually 

decreases in time-dependent manner up to two hours after blood sampling in stirred whole 

blood anticoagulated with citrate, but not with EDTA [3]. Fewer single platelets and 

aggregates containing many hundreds of cells are seen microscopically on the blood film 

of such citrated blood [3], and removal of adenosine diphosphate (ADP) from the blood 

inhibits aggregate formation [3, 4]. The ADP that is responsible for platelet aggregates and 

the decrease in platelet count originates from red blood cells [4]; the extent of spontaneous 

platelet aggregation was quantified by the fall in number of single platelets [4]. The fall in 

platelet count was 56% in the citrated whole blood, but only 3% in platelet-rich plasma 

prepared from the same blood samples [4]. 

Larger platelets are more reactive, producing higher levels of ADP, β-thromboglobulin, 

and thromboxane B2 [20-22], and aggregate more in response to a fixed dose of ADP and 

collagen [20,21]. Based on these reports [20-22], the significant positive correlation 

between MPV and number of PA observed in this study implied that PA count in our 

system may have reflected platelet reactivity. Therefore, the consistently lower PA count 

in addition to lower degree of fall in platelet count in the blood of pregnant women than in 

non-pregnant women in this study strongly suggested that platelet reactivity is reduced in 

early pregnancy, consistent with results of the previous study by Burke et al. [19].

Pregnancy is associated with increased platelet production and enhanced platelet 



destruction based on the following observations: platelet distribution width increases with 

advancing gestation [11,14] and MPV versus platelet count shows a significant inverse 

relationship in pregnancy [14]; some pregnant women exhibit a gradual decline in platelet 

count in late pregnancy, especially in pregnancy complicated with HDP [23,24]; platelet 

lifespan is shortened in pregnancy, especially in pregnancy complicated with HDP [25]; 

and bone marrow megakaryocyte concentration and size are increased in late pregnancy in 

rats [26]. These reports led to the misunderstanding that platelet reactivity in early 

pregnancy is similar to that in non-pregnant women, but increases gradually with 

advancing gestation, especially in women complicated with HDP. Therefore, the results of 

the study of Burke et al. [19] indicating reduced platelet reactivity in early pregnancy was 

surprising. Burke et al. [19] reported that collagen-induced platelet aggregation was lowest 

during the first trimester, increased in the second and third trimesters and became 

comparable to that in non-pregnant women.

The size of PA defined as MNSP was significantly greater in pregnant women than in 

non-pregnant women in this study, in contrast to our expectations. We first expected 

greater MNSP in more enhanced platelet activity. However, platelet reactivity assessed by 

the increase in number of PA and the fall in platelet count suggested the decreased platelet 

reactivity in pregnant women compared with non-pregnant women. The present data 

suggested that larger numbers of single platelets were likely to aggregate together, forming 

large PA in the presence of decreased platelet reactivity in pregnant women. It remains 

unclear which factors determine the size of PA except for time after blood sampling. The 

MNSP became smaller over 90 minutes after blood sampling.

In conclusion, 33 pregnant women in first trimester were compared with 11 healthy 

non-pregnant women with respect to changes in number of PA and platelet count in 



citrated whole blood over 90 minutes after blood sampling using a hematology analyzer. 

The results suggested that the platelet reactivity monitored by the number of PA and the 

fall in platelet count was reduced in early pregnancy compared with non-pregnant healthy 

controls. Although mechanisms involved in this phenomenon remained to be studied, the 

reduced platelet reactivity in the first trimester was speculated to play an important role in 

the avoidance of fetal loss. 
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Figure Captions

Fig. 1. Representative scatter plots by the CELL-DYN in two blood samples 

A and B, Blood 30 minutes after sampling from a pregnant woman and a non-pregnant 

woman, respectively. Each platelet aggregate (PA) is shown as a tiny white dot. 

Lymphocytes and neutrophils are shown in blue and yellow, respectively. 

Fig. 2. Changes in number of PA and platelet count according to time after blood 

sampling

Black and red lines with vertical bars indicate mean number of PA with SD for 

non-pregnant women (n = 11) and pregnant women in first trimester (n = 33), respectively. 

Baseline platelet count (at 0 minutes) was that determined in the EDTA blood 15 minutes 

after sampling.

Fig. 3. Correlation between log-transformed PA count and net decrease in platelet

count

A, 198 measurements in 33 pregnant women; B, 66 measurements in 11 non-pregnant 

women. 

Fig. 4. Correlation between log-transformed PA counts and mean platelet volume 

(MPV) and von Willebrand Factor (vWF) levels 

There were statistically significant positive correlations between MPV and log-transformed 

PA count at 15 minutes (left), 60 minutes (not shown in this figure), and 75 minutes 

(middle) after blood sampling. r = 0.37, P = 0.014 for PA count at 60 minutes after blood 

sampling. There was a statistically significant negative correlation between vWF and 

log-transformed PA count at 75 minutes (right) after blood sampling.



Fig. 5. Changes in estimated number of single platelets forming a single SPA

MNSP, mean number of single platelets forming a single PA. The MNSP at N minutes was 

estimated using the following equation: net decrease in platelet count during N minutes 

after blood sampling divided by number of PA at N minutes. 
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Table I. Characteristics of 33 pregnant women and 11 non-pregnant women                 
                          Pregnant (n = 33)   Non-pregnant (n = 11)    P-value  
Age (year) 32.2 ± 4.6 31.3 ± 4.8 0.49
BMI (kg/m2) 22.4 ± 5.5 20.8 ± 2.8 0.49
Gestational week 11.0 ± 1.0 NA
Platelet count* (×103/μL) 282 ± 70 297 ± 60 0.38
MPV (fL) 6.30 ± 0.63 6.67 ± 0.61 0.15
IPF (%) 3.5 ± 2.1 4.6 ± 2.0 0.04
vWF antigen (%) 130 ± 35 92 ± 47 < 0.01
Hemoglobin (g/dL) 12.7 ± 0.9 13.4 ± 1.8 < 0.01                           
Data are presented as means ± SD. BMI, body mass index; IPF, immature platelet fraction; MPV, mean 
platelet volume; NA, not applicable; vWF, von Willebrand Factor; *, determined in EDTA blood samples 
15 min after blood sampling.


