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background -  Current laboratory tests fail to evaluate the hemostatic function 
of platelets in patients with thrombocytopenia. We investigated the use of 
the Total Thrombus-Formation Analysis System (T-TAS® 01 [Fujimori Kogyo 
Co, Tokyo, Japan]) to evaluate hemostasis under conditions of experimental 
thrombocytopenia, and in patients before and after platelet transfusion.
materials and methods - Specific T-TAS 01 chips, for thrombocytopenic 
conditions, were used. The area under the curve (AUC) and occlusion time 
(OT, min) were measured in: (i) experimentally induced thrombocytopenia 
(183±15 to 6.3±1.2×103 platelets/µL) in blood samples from healthy donors 
(No.=13), and (ii) blood from oncohematological thrombocytopenic patients 
(No.=48), before and after platelet transfusion. The influences of hematocrit 
and number of transfusions were analyzed in these patients. 
results - Progressive reductions of AUC and prolongations of OT related 
significantly to decreasing platelet counts (p<0.05 for all) in experimental 
thrombocytopenia. In samples from thrombocytopenic patients, platelet 
counts, AUC and OT were, respectively, 10.8±0.6×103/µL, 175.2±59, and 27.2±1 
min before transfusion; and 22±1.5×103/µL, 400.8±83 and 22.9±1.5 min after 
platelet transfusion (p<0.01 for all). A hematocrit below 25% or exposure to 
ten or more previous platelet transfusions had a negative impact on the T-TAS 
01 performance in patients. In vitro correction of the hematocrit improved the 
hemostatic response in thrombocytopenic patients. 
discussion - T-TAS 01 measurements were sensitive to low platelet counts in the 
experimental setting. The technology was sensitive to evaluate the hemostatic 
capacity of platelet transfusions. Exposure to multiple medications, repeated 
platelet transfusions and lower hematocrits may interfere with the hemostatic 
performance in oncohematological patients with thrombocytopenia.  

keywords: thrombocytopenia, total thrombus-formation analysis system (T-TAS), 
platelet transfusion, bleeding.

T-TAs® 01 as a new tool for the 
evaluation of hemostasis in 
thrombocytopenic patients after 
platelet transfusion
Sahar Samanbar1*, Juan A. Piñeyroa2*, Ana B. Moreno-Castaño1, Marc Pino1,  
Sergi Torramadé-Moix1, Julia Martinez-Sanchez1,3, Miquel Lozano2,  
Cristina Sanz4, Ginés Escolar1, Maribel Diaz-Ricart1

Original article

HemosTAsis And 
THrombosis

Arrived: 16 May 2023
Revision accepted: 27 September 2023
correspondence: Maribel Diaz-Ricart
e-mail: mdiaz@clinic.cat

1Hematopathology, Pathology 
Department, CDB, 

Hospital Clinic, IDIBAPS, 
University of Barcelona, 

Barcelona, Spain;
2Hematology Department, Hospital 

Clinic, Barcelona, Spain;
3Josep Carreras Leukemia Research 

Institute, Hospital Clinic, 
University of Barcelona, 

Barcelona, Spain;
4Banc de Sang I Teixits (BST), 

Transfusion Department, 
Barcelona, Spain

inTroducTion
Thrombocytopenia is a pathological condition defined as a platelet count below the lower limit 
of the normal range established by the laboratory testing of the sample. Thrombocytopenia 
is present when the platelet count is below 100×103 platelets/µL1. Hematological diseases 
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and chemo-immune therapies are common causes of 
thrombocytopenia in adults, either through peripheral 
destruction of platelets or decreased platelet production 
in the bone marrow.
Bleeding complications in thrombocytopenic patients 
constitute a major problem in clinical practice. Management 
of thrombocytopenia may require prophylactic transfusion 
of platelets to stabilize hemostasis, especially in 
hematological patients. Studies have shown that up to 
67% of platelet transfusions are received by this group of 
patients, and a high proportion of them are transfused 
prophylactically2,3. Despite the existence of published 
systematic reviews4, criteria for platelet transfusion are 
not fully standardized and may differ depending on a 
variety of factors5-7. The presence of bleeding symptoms 
justifies platelet transfusion in thrombocytopenic 
patients. In the absence of bleeding symptoms, platelet 
counts are used to trigger the presumed requirement for 
transfusion. Although some studies support the concept of 
lower platelet thresholds (5×103 platelets/µL)8, a generally 
suggested safer practice is to transfuse hospitalized adult 
patients with a platelet count of 10×103 cells/µL or less to 
reduce the risk of spontaneous bleeding6,7,9. In patients 
with additional bleeding risk factors, increasing the 
threshold for platelet transfusion to <20×103 platelets/
µL could be considered. However, bleeding events 
do not correlate significantly with platelet counts7, 
and severe bleeding can occur in thrombocytopenic 
oncohematological patients with platelet counts >10×103 
platelets/µL10,11. Therefore, it would be desirable to have 
appropriate laboratory tests, other than routine platelet 
counts, which could objectively evaluate global hemostatic 
performance in thrombocytopenic patients in order to 
guide the use of platelet transfusions.
Platelets recognize areas of damaged endothelium to 
avoid blood loss by adhering to the subendothelium. Once 
exposed to injured vessels, platelets spread, release their 
contents, and activate other circulating platelets, thereby 
promoting the formation of aggregates and activating the 
coagulation cascade12. All these physiological processes 
occur under f low conditions and the rheology of blood is 
crucial to guarantee them13. Therefore, various different 
components are involved in the maintenance of adequate 
hemostasis, among which platelet function, platelet 
counts, and hematocrit are crucial.

The majority of tests used in hemostasis laboratories 
are designed for the diagnosis of hemorrhagic diatheses 
caused by platelet function defects in situations 
in which platelet counts are normal14. The Total 
Thrombus-formation Analysis System (T-TAS, Fujimori 
Kogyo Co, Tokyo, Japan) is a microf luidic-based 
technology that has contributed to the evaluation of 
hemostasis in other areas of medicine15,16. T-TAS 01 
monitors changes in f low pressure, ref lecting the growth 
of platelet- and fibrin-rich thrombus in a f low chamber 
embedded in an analytical chip. In contrast to the lengthy, 
time-consuming classic perfusion systems13,17, T-TAS 
01 has the potential to evaluate hemostasis rapidly and 
using low blood volumes. Parameters provided by this 
technology may provide additional information to that 
provided by current platelet cut-off counts.
The present study aimed to evaluate the suitability of 
T-TAS 01 as a device for assessing global hemostasis under 
conditions of thrombocytopenia. First, we validated the 
ability of this device to detect alterations in hemostasis 
under conditions of experimental thrombocytopenia. 
Second, we evaluated the hemostatic response in samples 
from thrombocytopenic patients and improvements in 
their hemostatic performance after platelet transfusions. 
Since reductions in hematocrit levels and exposure to 
multiple transfusions have been suggested to have an 
additional impact on hemostasis and platelet recoveries, 
we also explored the possible inf luence of low hematocrits 
and repeated transfusion in the latest setting. 

mATeriAL And meTHods

Healthy donors, patients, and sample collection
Thirteen healthy volunteers, who had not ingested 
drugs affecting platelets in the preceding 10 days and 48 
consecutive oncohematological thrombocytopenic patients 
with platelet counts less than 30×103 platelets/µL from our 
institution were included in this study, which was conducted 
between February 2021 and March 2022. Bleeding symptoms 
were evaluated according to the modified World Health 
Organization (WHO) bleeding score18. 
Citrated whole blood samples were obtained from 
the healthy volunteers, and from 48 patients who had 
indications for platelet transfusion according to clinical 
guidelines19. In the latter, samples were drawn immediately 
before, and within 6 hours after major ABO-compatible 
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transfusions had been were terminated. Blood sampling 
before and after transfusions was completed in 42 of the 
48 patients (Table I). Platelet concentrates were obtained 
after pooling 4-5 units of whole blood-derived platelet 
intermediate products (>2.4×1011 platelets) in platelet 
additive solution (SPP+, Macopharma, Lille, France), using 
Reveos (Terumo BCT, Lakewood, CO, USA), and were not 
subjected to pathogen reduction technologies. Platelet 

Table I - Characteristics of the patients

characteristic All transfused 
patients 

(no.=48)*

Transfused 
patients 
available 

(no.=42, 87%)

Age in years, median (range) 54 (15-82) 54 (15-82)

male sex, no. (%) 29 (60) 24 (57)

diagnosis, no. (%)

Acute myeloid leukemia 19 (40) 17 (41)

Acute lymphoblastic leukemia 10 (21) 10 (24)

Lymphoma 9 (19) 6 (14)

Chronic myeloid syndromes 6 (12) 5 (12)

Immune disease 3 (6) 3 (7)

Other 1 (2) 1 (2)

cause of thrombocytopenia, no. (%)

Chemo-immune therapy 27 (56) 26 (62)

HPCT 16 (33) 12 (29)

Chronic bone mar row failure 5 (11) 4 (9)

Splenomegaly, No. (%) 17 (42) 15 (42)

Portal hypertension, No. (%) 2 (4) 2 (5)

Active infection, No. (%) 28 (60) 25 (60)

Sepsis, No. (%) 5 (10) 4 (10)

Alterations of coagulation, no. (%)

PTR <1.2 37 (79) 32 (78)

PTR 1.2-1.5 10 (21) 9 (22)

PTR >1.5 2 (4) 2 (5)

previous pool transfused, no. (%)

0 pool 5 (11) 5 (13)

1 to 10 pools 25 (56) 22 (56)

>10 pools 15 (33) 12 (31)

prior HpcT, no. (%)

No 41 (85) 36 (85)

Autologous 2 (4) 1 (3)

Allogenic 5 (11) 5 (12)

No.: number of patients; HPCT: hematopoietic progenitor cell transplantation; 
PTR: prothrombin time ratio. *Includes six patients whose post-transfusion 
sample was not available. Six patients (12%) were transfused therapeutically 
because they had a WHO bleeding score of 2. None of the patients showed 
HLA immunization.

concentrates were kept at 22±2°C in f latbed agitators for 
up to 5 days and transfused into patients at a median of 4 
days of storage (95% confidence interval: 3-4 days). In no 
case did patients receive any other form of transfusion 
product (plasma or red blood cell concentrates).

experimental design and laboratory procedures
For the experimentally induced thrombocytopenia, 
baseline blood samples from healthy donors (mean 
platelet count, 183±15×103 platelets/μL) were manipulated 
to reach three different platelet counts categorized as low 
(2-14×103 platelets/µL), medium (16-36×103 platelets/µL), 
and high (37-62×103 platelets/µL). The initial (baseline) 
blood sample was always evaluated as a reference. Platelet 
depletion was accomplished using a filtration procedure 
(RC100, PAL)17,20,21. The various platelet count ranges were 
evaluated by a hematology analyzer (ADVIA 2120i, Siemens 
Healthiness, Erlangen, Germany), after mixing adequate 
proportions of filtered and unfiltered blood. The hemostatic 
capacity of each sample was measured in the T-TAS 01.

studies in oncohematological patients
Blood samples from thrombocytopenic patients were left 
undisturbed and evaluated in the T-TAS 01 before and 
after platelet transfusion. In a small number of cases 
−when the volume of the sample permitted additional 
manipulation− the hematocrit was raised in vitro by using 
red blood cells separated from the same patients. For this 
purpose, remnant blood samples were centrifuged for 3 
min at 14,000 rpm in a microcentrifuge (5417R, Eppendorf, 
Hamburg, Germany) and 200 µL of concentrated red 
cells were added to a 1 mL blood sample from the same 
patient. Hematocrit levels were measured in an ADVIA 
2120i (Siemens Healthiness). Samples before and after the 
increase in hematocrit were evaluated in the T-TAS 01. 

T-TAs 01
The HD chip used in these studies consists of a small 
capillary chamber covered with collagen and tissue 
factor and was specifically designed for evaluations 
under thrombocytopenia conditions (channel measures: 
width of 300 µm; depth of 50 μm)22. According to the 
manufacturer’s instructions, the volume of blood required 
is about 480 μL of citrated blood. Before performing the 
analysis, a solution containing corn trypsin inhibitor 
and calcium (Ca-CTI, 20 μL) was added to restore the 
coagulation potential of the citrated blood sample.  
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T-TAS 01 analyzes the process of hemostatic plug formation 
by monitoring f low pressure changes in the capillary. The 
T-TAS 01 device provides two basic parameters: (i) area 
under the curve (AUC), calculated by measuring the area 
under the f low pressure curve for 30 min after the start of 
the assay, and (ii) occlusion time (OT), defined as the time 
for complete capillary occlusion.

statistical analysis
Results are expressed as mean ± standard error of the mean 
(SEM). A t-test for paired data and the Wilcoxon-Mann-
Whitney test were used for comparisons. Fisher’s exact 
tests were used to compare categorical variables. Data 
were analyzed with software (IBM SPSS Statistics 23, IBM 
Corporation, Armonk, NY, USA). Two sub-analyses were 
performed in the clinical setting to evaluate the inf luence 
of concurrent hematocrits (< or ≥25%) and exposure 
to previous platelet transfusion (< or ≥10). The level of 
significance was established at p<0.05. GraphPad Prism 
9.3.1 and Adobe Illustrator CC 18.0 were used for graphics. 

resuLTs

T-TAs 01 evaluation of experimentally induced 
thrombocytopenia 
Figure 1 summarizes the results using blood samples from 
healthy donors (No.=13). The mean (±SEM) platelet count 
in the initial samples was 183±15×103 platelets/µL. After 
filtration, the counts were 49.5±2, 26.1±2, and 6.3±1.2×103 
platelets/µL in the groups categorized as having high, 
medium, and low counts, respectively. All three groups 
showed significant differences in T-TAS 01 parameters 
compared with the baseline platelet counts (p<0.01) 
(Figure 1A). 
The AUC decreased statistically significantly after platelet 
depletion, with a progressive reduction from 1,547.8±16.7 
for the baseline sample to 1,369.5±44.5, 1,386.8±53.9, and 
1,084.4±72.5 for the high (p<0.05 vs baseline sample), 
medium (p<0.05 vs baseline sample), and low (p<0.01 vs 
baseline sample) groups, respectively (Figure 1B). The OT 
values measured by the T-TAS 01, were 4.3±0.5 for the 
baseline sample, and 7.7±0.9, 7.7±1.1, and 12.6±1.4 min 
for the high, medium and low platelet count groups, 
respectively. Differences were statistically significant 
between the initial and low platelet count groups (p<0.01), 
as well as between the initial and both the high and 
medium platelet count groups (both p<0.05) (Figure 1C).

Figure 1 - bar diagrams showing (A) platelet count, 
(b) area under the curve (Auc) and (c) occlusion time 
(oT, min) measured by the T-TAs 01 in samples with 
laboratory-induced thrombocytopenia
Initial: baseline sample (platelet count: 183±15×103/µL); high: high 
platelet counts (49.5±2103/µL); medium: medium platelet counts 
(26.1±2103/µL); low: low platelet counts (6.3±1.2103/µL). Data are 
mean ± standard error of mean (No.=13). *p<0.05, **p<0.01.

A

b

c
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Figure 2 - bar diagrams showing (A) platelet count, 
(b) area under the curve (Auc) and (c) occlusion time 
(oT, min) measured by the T-TAs 01 in samples from 
thrombocytopenic patients
BT: before transfusion; AT: after transfusion. Data are mean ± standard 
error of mean (No.=42). **p<0.01.

T-TAs 01 evaluation of samples from 
thrombocytopenic patients 
The baseline characteristics of the patients are shown 
in Table I. Information on the 42 patients from whom a 
post-transfusion sample was obtained is also included. 
Six of them (10%) received more than one pool. Of note, 
acute leukemia was the most frequent diagnosis, and 
chemo-immune therapy and hematopoietic progenitor 
cell transfusion (HPCT) were the most common causes of 
thrombocytopenia. 
The main indication for platelet transfusion was prophylaxis, 
for platelet counts <10×103/µL (in 35 patients, 73%) and 
<20×103/µL with associated clinical conditions (in 7 patients, 
15%). Six patients (12%) were given therapeutic transfusions 
because they had a modified WHO bleeding score of 2. 
As summarized in Figure 2A, platelet counts in blood 
samples before and after transfusion (No.=42) were 
10.8±0.6 and 22±1.5×103 platelets/µL, respectively (p<0.01). 
No statistical differences were observed in hematocrit 
between samples taken before and after platelet 
transfusions (25.5±0.5% and 25.4±0.5%, respectively), 
confirming that patients had not inadvertently received 
additional red blood cell transfusions. The AUC value 
in pre-transfusion samples was 175.2±59 and improved 
significantly to 400.8±83 (p<0.01) after platelet transfusion 
(Figure 2B). The OT in the pre-transfusion samples was 
27.2±1.0 min and shortened, significantly, to 22.9±1.5 min 
(p<0.01) in the post-transfusion samples (Figure 2C). 

influence of hematocrit and repeated platelet 
transfusions on T-TAs 01 parameters in samples from 
thrombocytopenic patients 
The good correspondence of T-TAS 01 parameters 
with platelet counts and hematocrit observed in the 
experimental setting was not fully replicated in the 
studies performed with samples from thrombocytopenic 
patients. T-TAS 01 parameters deteriorated compared to 
those found at the lowest ranges of platelet counts in the 
experimental setting. 
When all the results for the T-TAS 01 parameters were 
grouped depending on the hematocrit (<25% and ≥25%), 
the difference between AUC values in the two groups was 
statistically significant (153±46 and 325±71, respectively; 
p<0.05) (Figure 3A). No statistically significant difference 
was observed for the OT (26.5±0.9 and 24.5±1.1 min, 
respectively) (Figure 3B).

A

b

c
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Figure 3 - bar diagrams showing area under the curve (Auc) and occlusion time (oT, min)
A and b present the results grouped depending on whether the hematocrit (HCT) was <25% or ≥25%. (No.=48 before platelet transfusion and 
No.=42 after platelet transfusion). c and d present the results grouped depending on whether the number of previous platelet transfusions (PPT) 
was <10 or ≥10 (Information available for 45 of 48 patients). Data are expressed as mean ± standard error of mean. *p<0.05.

Figure 4 - bar diagrams showing (A) area under the curve (Auc), (b) occlusion time (oT, min); and (c) representative tracing 
diagram, illustrating the hematocrit modification in thrombocytopenic samples
RBC: red blood cells. Data are expressed as mean ± standard error of mean (No.=10). *p<0.05, **p<0.01.
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T-TAS 01 results with samples before platelet transfusion 
were also analyzed considering the number of platelet 
transfusions previously received by the patients during 
the same oncohematological episode. Two subgroups 
were considered: patients who had previously received 
<10 and ≥10 platelet transfusions. AUC values for the first 
and second groups were 154±62 and 35±8.5, respectively 
(p<0.05) (Figure 3C), while those for the OT were 27±1.1 and 
29.9±0.7 min (p<0.05) (Figure 3D).
Additional blood samples from ten thrombocytopenic 
patients of our series were reevaluated after moderately 
raising the hematocrit in vitro. Hematocrit values were 
24.3±0.9% and 35.2±0.8% before and after in vitro addition 
of red cells (p<0.01). The calculated AUC values were 33±4.6 
and 408±93 before and after the increase in hematocrit 
(p<0.01) (Figure 4A). As shown in Figure 4B, the OT also 
improved statistically significantly from 30±0 to 25.3±1.5 
min, respectively (p<0.05). Figure 4C shows graphics 
obtained by the T-TAS 01 using a sample from one patient 
with an initial hematocrit of 24% that was corrected to 35%.

discussion
Evaluation of the hemostatic function of platelets in 
thrombocytopenic samples is challenging with the 
currently available tests. The present study was not 
designed to assess whether the parameters provided 
by the T-TAS 01 could represent an improvement 
over standard platelet counts used to trigger platelet 
transfusions. It was, in fact, carried out to explore the 
ability of the T-TAS 01 device to measure hemostasis 
in thrombocytopenic samples, using newly designed 
chips (HD) and different strategies. We tested blood 
samples with normal platelet counts and hematocrit 
in which thrombocytopenia was then induced in the 
laboratory and in samples from thrombocytopenic 
patients before and after platelet transfusion. We 
also evaluated the effect of in vitro correction of the 
hematocrit in patients’ samples. The major findings of 
this study indicate that: (i) the results provided by the 
T-TAS 01-HD in the experimental setting were associated 
with the platelet counts in samples with a normal 
hematocrit; (ii) in samples from oncohematological 
thrombocytopenic patients before transfusion, results 
were quantitatively lower than those observed in the 
experimental studies; (iii) T-TAS 01 HD chips detected 

the recovery of hemostatic function following platelet 
transfusion, and (iv) results of the T-TAS 01 are highly 
dependent on the hematocrit. Interestingly, the T-TAS 
01 results demonstrate that the number of platelet 
transfusions previously received has a significant impact 
on the hemostatic performance in oncohematological 
patients.
Thrombocytopenic patients with bleeding complications 
require platelet transfusions. In addition, oncohematological 
patients are usually given prophylactic platelet transfusions 
when platelet counts are <10×103/µL, or <20×103/µL with 
additional bleeding risk factors6,9,19. However, the role of 
prophylactic platelet transfusions remains controversial. 
In principle, clinicians rely upon threshold values of platelet 
numbers to determine the timing of platelet transfusions. 
This strategy has been questioned because of the relatively 
short half-life of transfused platelets, the risk of accelerating 
alloimmunization or refractoriness against future platelet 
transfusions23, and its elevated cost24. 
There are no tests available that can reliably assess global 
hemostasis under conditions of thrombocytopenia, 
although there are some technical approaches that can 
provide relevant information on the clinical efficacy of 
platelet concentrates. Studies under f low conditions 
using classic annular chambers have contributed 
greatly to a better understanding of the mechanisms of 
hemostasis and have provided relevant information on 
the clinical efficacy of platelet concentrates17,21. The main 
advantage of these perfusion devices is that they allow 
the evaluation of adhesive, aggregating and procoagulant 
activities of platelets interacting with damaged vessels 
under physiological f low conditions. Perfusion-related 
methodologies have contributed to the assessment of 
quality and mechanisms of action of standard and new 
blood derivatives13,25,26. Although microf luidic versions 
of perfusion devices have facilitated the performance 
of perfusion studies27, these technologies are mainly 
investigational, remain time-consuming, and require 
sophisticated equipment not widely available to many 
hospital transfusion facilities. 
Earlier versions of the T-TAS 01 equipment proved 
useful for predicting bleeding events in patients with 
atrial fibrillation exposed to anticoagulants28 and for 
ref lecting the hemostatic consequences of diminished 
red cell numbers under blood f low29. In our hands, 
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the T-TAS 01-HD performed as a promising device for 
assessing hemostatic competence in thrombocytopenic 
patients and for evaluating their response to platelet 
transfusion, therefore, providing reliable therapeutic 
guidance. The results of our study of patients using the  
T-TAS 01-HD, mainly in the prophylactic setting, are 
concordant with those previously reported in a small 
number of bleeding-thrombocytopenic patients requiring 
platelet transfusions22. In that study, the authors reported 
the recovery of hemostatic potential after platelet 
transfusion was confirmed with the T-TAS 01-HD and 
correlated with the function, rather than the count, of 
transfused platelets. The range of platelet counts in the 
mentioned study was well above the prophylactic range 
used in our study. 
Data obtained in the present study indicate that in blood 
samples from healthy volunteers, with hematocrits in 
the normal range, T-TAS 01 parameters showed a good 
correspondence with decreasing platelet counts. The HD 
chips were sensitive to evaluate hemostasis even when 
platelet counts were significantly below normal ranges. 
Our present results also confirm that the hemostatic effect 
of platelet transfusions could be detected by the T-TAS 01 
in samples from patients after being transfused. However, 
in the samples from thrombocytopenic oncohematological 
patients, T-TAS 01 parameters were found to be more 
severely affected than anticipated from the experimental 
thrombocytopenia setting. Mechanisms of hemostasis are 
known to be already deteriorated in oncohematological 
patients30. The complexity of such patients, their variable 
platelet functional status, the diverse degrees of endothelial 
damage, and exposure to multiple medications may result 
in the development of a subset of dysfunctional platelets 
that could explain the more deteriorated results of the 
T-TAS 01 in thrombocytopenic patients, independently of 
their platelet counts. 
The hypothesis of dysfunctional platelets in the setting 
of thrombocytopenic oncohematological patients would 
be difficult to demonstrate. On the one hand, hemostatic 
alterations related to impaired platelet function have 
been found in patients with acute myeloid leukemia, 
even in those with moderate thrombocytopenia and near-
normal platelet counts31,32. In this regard, there were 19 
patients in our cohort with acute myeloid leukemia, a 
condition in which a platelet dysfunction of clonal origin 

has been demonstrated33. On the other hand, current tests 
for the evaluation of platelet function, such as platelet 
aggregation, are impractical with platelet counts below 
50×103 platelets/µL and unfeasible in samples with platelet 
counts in the range of 10 and 20×103 platelets/µL34.
In addition to the possible existence of a certain level 
of platelet dysfunction in oncohematological patients 
with thrombocytopenia, low hematocrits and repeated 
exposure to previous platelet transfusions were identified 
in our present study as two variables that could have a 
negative impact on T-TAS 01 parameters. Regarding the 
role of hematocrit, we observed a significant difference 
in T-TAS 01 parameters between groups of patients with 
hematocrits above or below 25%. Moreover, experiments 
correcting the hematocrit in patients’ samples in which 
both platelet counts and hematocrit were low, confirmed 
that the ability of the T-TAS 01 to measure hemostasis 
improves after increasing the hematocrit in vitro. Overall, 
these results indicate that, even under extreme conditions, 
the T-TAS was still useful for providing qualitative 
information on the hemostatic performance of transfused 
platelets that goes beyond a simple increment in platelet 
counts. 
It has been speculated that anemia can impair hemostasis 
in thrombocytopenic patients35. Red blood cells play a 
critical role in the maintenance of rheological conditions 
that facilitate the interaction between platelets and 
subendothelial structures. Our group previously 
demonstrated in studies under f low conditions that the 
formation of platelet aggregates on denuded vascular 
surfaces is markedly impaired at lower hematocrits, 
independently of the final platelet count36. Another 
classic study demonstrated a significant decrease in 
the bleeding time when anemia in patients with kidney 
failure was corrected with red blood cell transfusion37.  
It has been suggested that bleeding risk and/or 
hemostatic performance evaluated based only on the 
platelet count may be underestimated. It is, therefore, 
possible that hematocrit levels that ensure adequate 
levels of hemoglobin to maintain correct oxygen 
transport, may not be suf ficient to preserve optimal 
rheological conditions necessary for the correct 
interaction of platelets with injured surfaces. This 
implies that, in clinical practice, raising the hematocrit 
in thrombocytopenic oncohematological patients 
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could improve hemostasis without making platelet 
transfusions necessary in some cases of low platelet 
counts38. 
Previous studies had also documented a lower ef ficacy 
of platelet transfusions in patients who had received 
more than 10 transfusions39,40. Mechanisms causing 
refractoriness to platelets or reduced  count increments 
after platelet transfusion are mainly of unknown, 
non-immune origin41. AUC and OT showed sub-optimal 
results in the group of patients who had received 
≥10 platelet transfusions indicating that independently 
of the responses to transfusion these patients may 
have already impaired hemostatic competence. These 
results warrant further investigations and a rapid, easy 
methodology, such as the T-TAS 01 automated f low 
chamber system with HD microchips, may be useful for 
this purpose. 
The present study has several limitations. First, the 
time from sample extraction to processing varied from 
minutes to a few hours. Although this approach may be 
a better approximation to practice in real life, the time 
variation may have af fected the T-TAS 01 parameters. 
Second, AUC and OT were analyzed in a single laboratory 
and, therefore, our present results should be confirmed 
in a larger cohort of patients including not only 
oncohematological patients but also those with dif ferent 
diagnoses with and without bleeding symptoms.

concLusions
The newly designed T-TAS 01, using a modified 
microchip-based f low chamber, can measure 
global hemostatic performance in samples with 
thrombocytopenia and normal hematocrit. Although 
the T-TAS 01 cannot substitute the platelet count, it 
proved useful in evaluating qualitative aspects of 
the hemostatic performance of transfused platelets. 
Importantly, T-TAS 01 results confirm that hematocrit 
is crucial for better hemostatic responses in cases of 
thrombocytopenia. Moreover, our data indicate that 
the number of previously received platelet transfusions 
has a significant impact on the hemostatic performance 
of transfused platelets. The present findings may 
have implications for the evaluation of bleeding risk 
and the transfusional management of patients with 
thrombocytopenia and anemia.
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