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 The process of platelet storage lesion during the storage of thrombocyte 

concentrate (TC) blood components can have an impact on platelet 

viability and decreased hemostatic function. This study analyzed the 

effect of storage time for TC blood components on beta thrombomodulin 

levels, platelet count, and mean platelet volume (MPV). This type of 

research is an analytical study with a time-series design. Sampling was 

done by consecutive sampling. A sample of 25 TC bags was freshly 

made and stored at room temperature with agitation in the Blood Bank 

of Dr Soetomo Hospital. Examination of beta thrombomodulin levels, 

platelet count, and MPV was performed to assess platelet storage lesion 

on day 1, day 3, and day 5. Data were analyzed using the Shapiro-Wilk 

test, Kruskal Wallis test, Bonferroni test, and Games Howell. There is a 

change in beta thromboglobulin levels, on day 1 the mean rank (32.5), 

day the 3rd (32,20), day 5th (49.24) and MPV, on day number 1 average 

(7,744 fL), day 3 (7,928 fL), day 5 (8,248 fL). There was no significant 

change in the platelet count on day 1 (mean (210,200 / uL), day 3 

(192,485) /uL), 5th day (214.201 /uL). There was no decrease in the 

number of platelets on storage days 1, 3, and 5 so the TC component was 

still feasible to be given to patients, even though there were changes in 

beta thrombomodulin and MPV. Further research is needed for other 

parameters that can be affected by the storage process. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

Platelet concentrates have a relatively short shelf life of 3-7 days (typically 5 days according to the 

American Association Blood Bank), depending on regulations and practices adopted in each blood bank 
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with agitation at room temperature. (20 – 24˚ C) (crulls, 2011; Garraud et al., 2016). Age save platelets the 

relatively short duration is due to the risk of bacterial contamination and storage-related damage, known as 

a platelet storage lesion. These quality changes can have an impact on platelet viability and decreased 

hemostatic function. 2013). 

 

The mechanism that causes platelet storage lesions is very multifactorial and is still not clearly understood. 

Several factors including the blood tapping method, component manufacturing process, storage, and 

manipulation after blood tapping can cause platelet storage lesions. Several laboratory tests can be 

performed to detect any changes in these qualities, such as examination of beta thrombomodulin levels, 

count of total platelets, and mean Platelets Volume (MPV), and examination of metabolic parameters such 

as pH, pO2, and pCO2 to determine platelet viability during the storage process (Kaushanky, 2013). 

 

One of the markers of platelet activation is beta thrombomodulin (β-TG). Beta thrombomodulin is a protein 

derived from granules that are produced in large quantities due to platelet activation and is a marker of 

platelet activation together with platelet factor 4 (PF4). Beta thrombomodulin is an amino acid tetrameric 

protein derived from the proteolytic cleavage of the basic protein of platelets [2]. Although beta 

thrombomodulin has been reported to have chemotactic activity for fibroblasts, its physiological effects are 

not fully understood. Previous studies have shown that beta thrombomodulin acts as a procoagulant by 

increasing thrombin formation and regulating the enzymatic activity of factor X [1], [2]. 

 

The effect of storage time on the effectiveness of platelet transfusion can be assessed by Corrected Count 

Increment (CCI), which is an assessment of the increase in platelets after transfusion. Corrected Count 

Increment (CCI) is calculated by multiplying the recipient's body surface area by the increase in the number 

of platelets then dividing by the number of platelets transfused (Mittal and Kaur, 2015). Based on the results 

of research conducted by Arnason and Sigarjunsson (2017), the storage time of platelet concentrate is 

associated with drop mark CCI (Arnason and Sigarjunsson, 2017). Based on in this description, the 

researcher wanted to know the effect of storage time for thrombocyte concentrate (TC) blood components 

on beta thrombomodulin levels. 

 

2. Methods 

The type of research used in this research is an analytical study with a cross-sectional design. The sample in 

this study was platelet concentrate which was freshly processed and stored at room temperature (20-24˚C) 

with agitation. The sample was collected by consecutive sampling from February - to July 2019. 

 

The sample was obtained from Thrombocytes Concentrate (TC) which was newly processed and stored at 

room temperature (20 - 24˚C) with agitation. The blood sample was accommodated in the K2 EDTA tube 

for as much as 3 mL. Before being inserted into the Sysmex XN 1000 automatic tool, homogenize the 

sample, enter the identity and select the type of examination, namely Whole Blood. After that, the sample is 

inserted into the tool and the results will go out not enough in 5 minutes. Inspection is done on day 1st, 3rd, 

and 5th days with the same steps. This Sysmex XN 1000 automated tool uses the method of flowcytometry. 

 

The sample was obtained from Thrombocytes concentrate (TC) which was newly processed and stored at 

room temperature (20 - 24˚C) with agitation. Blood samples were collected with blood tubes, and the levels 

of beta thrombomodulin were checked by the ELISA method. 

 

The data collected is done by cleaning, coding, tabulation, and entry into the computer. Data were 

calculated as mean and standard deviation and confidence interval (CI) 95% of the mean. Before data 
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analysis, the Shapiro Wilk normality test was performed. Differences between normally distributed samples 

were analyzed using the One Way Annova test, while the samples that were not normally distributed were 

analyzed using the Kruskal Wallis test. 

 

3. Result and Discussion 

 

3.1 Results 

Based on the Shapiro-Wilk normality test, data on beta thrombomodulin levels on day 1, day 3, and day 5 

were not normally distributed, (p<0.05), so the Kruskal Wallis test was performed. Table 6.1 shows that 

there are differences which signed on the rate of beta thrombomodulin on day number 1 day the 3rd and day 

5 with a significance value of 0.007 (p<0.05). 

 

Table 6.1 comparison of beta thrombomodulin levels on day 1, day 3, and day 5. 

 1st-day storage 3rd-day storage 5th-day storage Kruskal Wallis 

H 

P-value 

Beta thromboglobulin 32.56 32,20 49.24 9,978 0.007 

N = 25. Data are shown as mean rank. P < 0.05 is significant 

 

Based on the Shapiro-Wilk normality test, data on Mean Platelet levels were obtained Volume (MPV) on 

day number 1, the day the 3rd and day 5th distributed normal, (p> 0.05) so the One Way Annova test was 

carried out. Comparison of Mean Platelet Volume (MPV) levels on day 1, day 3, and day 5. Based on table 

6.2 showed that there was a significant difference in the mean platelet volume on day 1 day 3 and day 5 

with a significance value of 0.000 (p <0.05) using the One Way ANOVA test. 

 

Table 6.2 Comparison of Mean Platelet Volume (MPV) levels on day 1, day 3, and day 5. 

 N mean Std. Deviation Std. Error P-value 

1st-day storage 25 7,744 0.3743 0.0749 0.000 

3rd-day storage 25 7,928 0.3542 0.0708  

5th-day storage 25 8,248 0.3709 0.0742  

P < 0.05 is significant 

 

Based on data analysis on the Post Hoc Test with Bonferroni and Games-Howell Tests, it showed that there 

was a significant difference in the form of an increase in MPV levels between day 1 and day 3, day 1 and 

day 5, and day 3. -3 and day 5 (p < 0.05). 

 

Table 6.3 Data analysis of mean platelet volume (MPV) Post Hoc Test with Bonferroni and Games-Howell 

Tests 

 Storage Storage Mean Difference Std. Error P-value 

Bonferroni Day 1 3rd day -.1840 .1037 .241 

  Day 5 -.5040 * .1037 .000 

 3rd day Day 1 .1840 .1037 .241 

  Day 5 -.3200 * .1037 .009 

 Day 5 Day 1 .5040 * .1037 .000 

  3rd day .3200 * .1037 .009 
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Games- Howell Day 1 3rd day -.1840 .1031 .185 

 Day 5 -.5040 * .1054 .000 

 3rd day Day 1 .1840 .1031 .185 

  Day 5 -.3200 * .1026 .008 

 Day 5 Day 1 .5040 * .1054 .000 

  3rd day .3200 * .1026 .008 

 

Based on the Shapiro-Wilk normality test, the data on platelet count levels on day 1, day 3, and day 5 were 

normally distributed, (p> 0.05) so the One Way Annova test was performed. Comparison of count levels of 

platelets on day number 1, day the 3rd, and day 5th show that there was no significant difference in the 

level of platelet count on day 1, day 3, and day 5 with a significance value of 0.947 (p>0.05) using the One 

Way Annova test (table 6.4) 

 

Table 6.4 Comparison of platelet count levels on day 1, day 3, and day 5. 

 N mean Std. Deviation Std. Error P-value 

1st-day storage 25 210,200 42,040 0.0749 0.947 

3rd-day storage 25 192.485 38,497 0.0708  

5th-day storage 25 214.201 42,840 0.0742  

P < 0.05 is significant 

 

3.2 Discussion 

Beta thrombomodulin has been extensively studied as a marker in a variety of disorders, including 

inflammatory, vascular, and obstetric disorders. The study by Karatoprak et al. (2013) proved that the 

rheumatoid arthritis group had higher levels of beta thrombomodulin compared with the control group (p = 

0.02). In addition, the study also found a higher mean MPV in the rheumatoid arthritis group compared to 

the control group (p = 0.049). The study by Osada et al. (2012) proved that beta thrombomodulin is also 

increased in acute pancreatitis conditions, and beta thrombomodulin levels were also shown to correlate 

with the severity of pancreatitis. These results prove that beta thrombomodulin can be used in diseases 

associated with increased pro coagulation activity, one of which is pancreatitis. Several studies have shown 

that beta thrombomodulin can be a biological marker in various diseases related to Activation platelets. In 

the study, In this case, the biological marker used to assess platelet activation is beta thrombomodulin. Beta 

thrombomodulin is protein Specific on platelets that are released during platelet activation or the platelet 

release reaction. These proteins are stored in alpha granules and are generally released after the 

activation/aggregation process occurs in platelets. 

 

This study showed that there was an increase in beta thrombomodulin levels with increasing storage time. 

This can be caused by platelet activation that occurs during the storage process. Similar results were also 

obtained in the study of Shanwell et al (2003) which showed that there is an increase in beta 

thrombomodulin in all stored platelet sacs in various media suspensions: plasma; 70% PAS-III + 30% 

plasma; and 80% PAS-III with added magnesium and potassium + 20% plasma on day 1st, 5th and 7th days 

of storage. This study proves that platelet activation is a process that cannot be avoided overtime storage. 

 

This study also proved that there was a significant increase in MPV in the sample between day 1 and day 3, 

between day 1 and day 5, and between day 3 and day 5 (p < 0.05). These results are in accordance with the 

theory that the more activated platelets along with the storage time of platelets, the MPV will increase [6]. 
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The results of this study are also in accordance with the study of Bashir et al. (2014) which also saw an 

increase in MPV in sample TC which was consistent on the day the 3rd, 5, 7, 8, 9, and 10 storage, with 

good with the addition of PAS (platelet additive solutions) or without the addition of PAS. However, the 

increase in MPV was found to be significantly higher in the TC sample without the addition of PAS. MPV, 

together with platelet count and platelet distribution width, are some of the indices routinely used to control 

TC quality. These indices are also considered to represent the process of changes in the shape of platelets 

that occur due to storage (storage-induced shape changes). MPV examination is generally always carried 

out, especially in studies examining the PSL process, because MPV has been shown to correlate with 

changes in platelet morphology that occur during TC storage. 

 

This study found an insignificant difference in the number of platelets on the 1st, 3rd, and 5th days. The 

number of platelets tends to increase on the day the 3rd and return decreases on the day 5th. The study was 

done by Marpaung et al. (2016) also gets similar results, where there is an increase in the count of platelets 

on the day the 3rd and a return decrease on the day the 5th. This can happen because the life span of 

platelets in vitro is shorter than in vivo (about 5 days). In the initial phase of storage, platelets will undergo 

process division cell which is accompanied by the mechanism apoptosis. The next phase will be followed 

by a decrease in the number of platelets due to the mechanism of cell lysis on day 5th storage. Process lysis 

is the wrong the only one caused by an increase in lactic acid which is a product of the glycolysis process. 

Research conducted by Samad et al (2014), showed a significant difference in inspection count total 

platelets on concentrate platelets days number 1 and 7. This shows that the survival of platelets in vitro 

during seven-day storage no could maintain the stability of the number of platelets in the transfused blood 

platelet concentrate. Triyono et al (2007) reported different things that significant changes did not occur in 

the number of platelets during storage days 1, 5, and 7 in the transfusion blood platelet concentrate. This is 

due to minimal cell damage during concentrate storage platelets. 

 

Based on the results of this study, storage of TC for 5 days was shown to increase MPV and beta 

thrombomodulin, but not resulting in a significant decrease in the platelet count. These results mean that TC 

samples are still feasible to be given to patients after 5 days of storage. Based on the results obtained in 

previous studies, the use of PASS has proven beneficial and recommended forgiving to maintain the quality 

of TC during storage. 

 

This study has limitations, namely only examining the effect of storage time of platelet concentrate on beta 

thrombomodulin, MPV, and platelet count, where many other parameters can be affected by the storage 

process of platelet concentrate, including platelet aggregation function, levels of cytokines produced during 

storage. Storage, and other materials, therefore, further research is needed to examine the relationship 

between the storage time of platelet concentrates and other parameters. 

 

4. Conclusion and Suggestion 

Storage of platelet concentrate for five days resulted in an increase in beta thrombomodulin levels and a 

significant increase in the mean platelet volume (MPV). Storage of platelet concentrate for five days did not 

because a significant decrease in the number of platelets, so platelet concentrate stored up to day 5 was still 

feasible to be given to patients. Further studies are needed to investigate the effect of the storage process on 

other biological/chemical parameters of the platelet concentrate. 
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