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Abstract

Prophylactic platelet concentrates transfusion represents a therapeutic choice in patients with chemotherapy-induced thrombo-
cytopenia. This prospective, non-interventional study evaluated the effects of platelet concentrates transfusion on thromboelas-
tometric parameters of platelet function in 36 transfusion occasions for | | thrombocytopenic children undergoing chemotherapy.
Pre- and posttransfusion (1-2 hours) blood samples were analyzed using standard coagulation tests and thromboelastometry
(ROTEM) measurements (EXTEM and FIBTEM tests). Platelet component of the clot was calculated based on the EXTEM and
FIBTEM maximum clot elasticity (MCE) results. After transfusion, mean platelet count increased from 16.5 x 10°/L to 43.0 x
10°/L (P < .001) and platelet component increased from 34.1 to 73.0 (P < .001). Statistically significant increases for posttran-
sfusion EXTEM parameters A10, A20, and maximum clot firmness (MCF) were observed compared to pretransfusion values
(P <.001). The EXTEM a-angle values increased posttransfusion (P <.05). The FIBTEM measurements were comparable pre- and
posttransfusion. The study showed that platelet concentrates transfusion in thrombocytopenic children undergoing chemother-
apy improves platelet-related coagulation pattern.
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Introduction consequences of transfusion in this group of patients. To a great
extent, many pediatric transfusion criteria remain opinion based,
and there is a wide variation in transfusion practices and policies
among institutions.

Efficacy of platelet transfusion and platelet viability is
generally assessed by measuring immediate and late platelet
count increments, as well as bleeding scores and the inter-
transfusion interval, which reflects the platelet survival.'s

In patients undergoing chemotherapy, transfusion of platelet
concentrates is used as a prophylactic or therapeutic means to
control bleeding.! The optimal transfusion policy needs to
consider both the risks associated with platelet administration
and the efficacy of this intervention. Transmission of patho-
gens, bacterial in particular, appears to represent the highest
risk.” However, of considerable importance are also the risks
due to immune modulation, transfusion-related acute lung
injury, and hemolysis due to transfusion errors. In recent
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Several point-of-care methods evaluating the effect of plate-
let transfusion on coagulation have been investigated. Direct
evaluation of platelet function in this setting is complicated
due to the fact that the methods available such as “in vitro
bleeding time” (Platelet Function Analyzer PFA-100, Sie-
mens Healthcare Diagnostics, Marburg, Germany) and
whole blood aggregometry (eg, multiple electrode aggre-
gometry Multiplate Analyzer, Roche Diagnostics Interna-
tional Ltd, Rotkreuz, Switzerland) are not adequate for
platelet counts <100 x 10%/L.

The immediate effects of the transfusion of platelet con-
centrates on coagulation may also be analyzed in whole
blood by means of thromboelastometry (ROTEM; TEM
International GmbH, Munich, Germany).* This method
assesses the speed of initiation of the coagulation process
and the contribution of fibrinogen and platelets to the elas-
ticity of the whole blood clot. Clotting may be induced via
the extrinsic pathway, generating a clot comprised of fibrin
and platelets (EXTEM test). By using a specific platelet
inhibitor such as cytochalasin D (FIBTEM test), the qual-
ity of the fibrin-based clot may be assessed.” Furthermore,
the platelets contribution to clot elasticity (platelet compo-
nent parameter) can be calculated from the difference
between the maximum clot elasticity (MCE) value
obtained with the EXTEM test and the MCE value
obtained with the FIBTEM test. Platelet activation in the
whole blood test is mainly induced by thrombin, after
addition of tissue factor and calcium to the citrated whole
blood sample. As thrombin is the strongest platelet activa-
tor and is generated in high amounts during the thromboe-
lastometric analysis, it is likely that most platelets
available in the sample will be activated and will contrib-
ute to the clot firmness. This explains why the effect of
mild platelet inhibitors such as aspirin cannot be observed
with this analysis. Chemotherapeutic agents can damage
bone marrow leading to myelosuppression and decreased
platelet counts. In addition, low platelet count can contrib-
ute to a decrease in clot firmness, which has been associ-
ated with chemotherapy.® Estcourt et al found that
thromboelastometric measurements indicating decreases
in clot firmness have been associated with an increased
risk of bleeding in patients undergoing chemotherapy with
thrombocytopenia.’

Flisberg et al first evaluated in 2010 the effect of platelet trans-
fusion on clot firmness in the ROTEM analysis. Their investiga-
tion showed that platelet administration increased clot firmness;
however, the study did not investigate whether concomitant
changes in the fibrin-based clot also occurred. Hence, it was not
clear whether the changes in overall clot firmness were due to
an increase in the platelet contribution to clot or also due to
changes in the fibrin-based clot firmness, caused by the plasma
contained in the platelet concentrates.

The aim of the study was to evaluate the effect of platelet
transfusion on thromboelastometric parameters of platelet
function in children with severe thrombocytopenia caused
by chemotherapy.

Materials and Methods
Patient Population

Following approval from the local Ethics Committee, this pro-
spective, noninterventional study was conducted at St Johann’s
Hospital, SALK Salzburg. Parental informed written consent
was obtained before inclusion. Thrombocytopenic pediatric
patients (<18 years old) undergoing chemotherapy (platelet
count <50 x 10°/L) who received prophylactic platelets trans-
fusion were identified for the study. Patients received 1 unit of
single donor platelet concentrate (34 transfusion occasions)
or 1 unit of pooled platelet concentrate (2 transfusion occa-
sions). Each unit of platelet concentrate was <6 days old, at
a concentration of >3 x 10''. Exclusion criteria were intake
of medication influencing coagulation and other coagulation
diseases.

Blood collection

Following each transfusion occasion, venous blood samples
were drawn into S-Monovette vials (Sarstedt AG, Num-
brecht, Germany) containing trisodium citrate 3.13%, 1.06
mol/L, ratio 1:9 with blood). Duplicate blood samples were
taken before transfusion and 1 to 2 hours after transfusion.

Coagulation Testing

The following standard coagulation tests were performed: pro-
thrombin time (PT), activated partial thromboplastin time
(aPTT), hematocrit, hemoglobin concentration, and platelet
count. Prothrombin time (Thromborel S, Siemens Healthcare
Diagnostics, Marburg, Germany) and aPTT (Pathromtin SL,
Siemens Healthcare Diagnostics) were determined from
citrated blood samples using the BCS XP analyzer (Siemens
Healthcare Diagnostics). Platelet count and hemoglobin concen-
tration were measured from EDTA samples using the Sysmex
XE-2100 analyzer (Sysmex, Norderstedt, Germany).

Citrated whole blood anticoagulated was used for the
thromboelastometry (ROTEM) measurements. Recombinant
tissue factor was used in the EXTEM tests to activate the
extrinsic coagulation pathway, and cytochalasin D was
added in the FIBTEM tests to inhibit platelet contribution.

The following measurements were collected:

Clotting time (CT), clot amplitude at 10 and 20 minutes
(A10 and A20), MCF, and a-angle (EXTEM test only). Maxi-
mum clot elasticity was calculated using the following formula:

MCE = (MCF x 100)/(100 — MCF)

The MCE values for EXTEM and FIBTEM tests were used
to calculate the platelet component of MCE as follows:
EXTEM MCE — FIBTEM MCE.

The calculations presented subsequently were used to deter-
mine corrected count increment (CCI) and percentage platelet
recovery (PPR) values:
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CCI =

2
. Platelet cOunt(posttransfusion—pretransfusion)per uL x bOdy surface area (m )

Number of platelets transfused (x10'!)

PPR =

)

Platelet increment x weight(kg) x blood volume (mL/kg) x 100

Number of platelets transfused

where the blood volume in the PPR formula is assumed to be 75
mL/kg for pediatric patients.

The pediatric blood volume used for the PPR calculation is
based on the mid-range value of 70 to 80 mL/kg.®

Statistics

Pre- and posttransfusion values for standard coagulation tests,
platelet characteristics, and ROTEM measurements were com-
pared. All outcomes were measured on a continuous scale.
When the changes in values over time were found to be nor-
mally distributed, the paired ¢ test was used for the analysis.
The Wilcoxon matched-pairs test was used for variables where
the changes over time were not normally distributed. A P value
<.05 was considered significant.

The association between platelet count and a number of
other continuous variables was examined. Due to the skewed
distribution of the platelet counts, Spearman rank correlation
was preferred to analyze the data. Separate analyses were per-
formed for pre- and posttransfusion data.

Results
Demographics

A total of 11 pediatric patients (4 male and 7 female) who
received transfusions over 36 occasions were included in this
study. The mean age was 12.1 years. The most common diag-
nosis for patients receiving platelet concentrate transfusion was
acute lymphoblastic leukemia. Further demographic data are
presented in Table 1.

Standard Coagulation tests

Significant decreases were observed between pretransfusion
and posttransfusion values for aPTT, hemoglobin, and hemato-
crit (P <.001), whereas significant increases in PT values were
observed (P < .05; Table 2). Platelet concentrates were trans-
fused in patients with pretransfusion platelet counts of 8 x
10°/L to 51 x 10°/L (minimum — maximum). Mean platelet
count increased posttransfusion to 43.0 x 10°/L (interquartile
range: 33.8 x 10°/L to 55.0 x 10°/L).

Platelet Characteristics

Platelet characteristics information is presented in Table 2.
Mean PPR was 26.6% (+ 8.9%) and mean CCI was 11084.0
m*/pL (£+3674.9 m*/uL). Platelet component increased from
34.1 to 73.0 (P < .001). Median volume of platelets transfused

)

Table I. Patient Demographics and Clinical Characteristics.*®

N=1I
Age, years 12.1 + 4.8
Female 7 (64%)
Weight, kg 413 £ 167
Height, cm 147.5 + 29.3
Diagnosis
Acute lymphoblastic leukemia 4 (36%)

Ewing’s sarcoma 1 (9%)
Neuroblastoma 1 (9%)
Non-Hodgkin’s lymphoma 1 (9%)
Osteosarcoma 1 (9%)
Wilms tumor 1 (9%)
Germ cell tumor 1 (9%)
Myelodysplastic syndrome 1 (9%)

Abbreviation: SD, standard deviation.
?Data are presented as mean + SD, as appropriate.
®Percentages do not total to 100 due to rounding.

was 233 mL. Most common age of platelets transfused was 4
days (Figure 1).

Thromboelastometry Measurements

The ROTEM measurements are presented in Table 3. The
FIBTEM measurements (A10, A20, and MCF) were compara-
ble pre- and posttransfusion. The EXTEM o-angle values
increased posttransfusion (P < .05). Statistically significant
increases for posttransfusion EXTEM A10, A20, and MCF
values were observed compared to pretransfusion values
(P < .001). No significant differences were observed for
EXTEM CT measurements. Positive correlations were
observed pre- and posttransfusion between platelet count and
EXTEM MCE values and platelet count and EXTEM MCF
values. No correlations were observed between platelet count
and FIBTEM MCE or FIBTEM MCF results. Furthermore,
we demonstrate that values for FIBTEM MCF measurements
can remain unchanged posttransfusion although those for
EXTEM MCF increase (Figure 2).

Discussion

The results of this study show that following platelet concen-
trates transfusion, firmness and elasticity of the whole blood
clot, and the speed with which the clot is formed increased sig-
nificantly. The evaluation of the effect of platelet transfusion
on clot strength in patients with thrombocytopenia had previ-
ously been investigated using a single test with the ROTEM
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Table 2. Standard Coagulation Laboratory Tests and Platelet Characteristics.?
Pretransfusion® Posttransfusion® Change (95% Cl) P Value

Standard coagulation tests

PT, % 874 + 15.2 89.8 + 12.7 2.4 (0.4 to 4.5) .02

aPTT, seconds 39.0 (34.8-51.5) 33.0 (30.8-36.5) —3.0 (—6.0 to —1.0) <.001

Hemoglobin, g/dL 96 + 1.4 88 + 14 —0.8 (—1.1 to —0.6) <.001

Hematocrit, % 267 + 3.9 246 + 4.1 —2.1 (—2.7 to —1.4) <.001
Platelet characteristics

Platelet count, 10°/L 16.5 (13.0-23.0) 43.0 (33.8-55.0) 28.0 (20.0 to 31.0) <.001

Percentage platelet recovery® -
Corrected count increment®, m2/uL -

26.6 + 8.9 -
11084.0 + 3674.9 -

Abbreviations: Cl, confidence interval; SD, standard deviation; IQR, interquartile range. Significant P values (<.05) are shown in bold.

?Values are presented as mean + SD or median (IQR).

®Data available for 35 of 36 platelet concentrate units for measurements for pretransfusion standard coagulation tests and 34 of 36 patients for posttransfusion

standard coagulation tests.

“Data available for 32 of 36 platelet concentrate units, calculations based on 32 units.
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Figure |. Characteristics of platelet concentrates transfused into
thrombocytopenic children undergoing chemotherapy. Data repre-
sent 32 platelet concentrate units; data unavailable for 4 patients.

device and showed that the speed and strength of the clot are both
rapidly improved after platelet transfusion.* These results, how-
ever, do not indicate whether the observed improvements were due
to an increased contribution of platelets to clot firmness or to a
change in the fibrin-based clot firmness, triggered by the plasma
contained in the platelet concentrates. To address this point, we
expanded on this study using multiple ROTEM tests (EXTEM and
FIBTEM) to evaluate how the contribution of platelets and fibrino-
gen to the whole blood clot is affected by platelet transfusion in
thrombocytopenic children undergoing chemotherapy. The
increase in platelet component (the difference between EXTEM
MCE and FIBTEM MCE values) and the lack of significant
differences in FIBTEM measurements indicate that the observed
increase in clot firmness parameters (EXTEM MCF, A10, and
A20) and EXTEM a-angle values is mainly attributable to
platelets. These findings are consistent with the positive
correlations observed between platelet count and EXTEM MCF
and MCE results.

The ROTEM measurements can provide information on clot
quality through parameters such as a-angle and clot firmness.
Perioperative transfusion algorithms in various clinical settings
have identified o-angle and maximal amplitude (MA) as

triggers for fibrinogen supplementation and platelets transfu-
sion, respectively.”!" However, our data show that a-angle
increases significantly following platelet transfusion, demon-
strating that it is strongly influenced by the contribution of pla-
telets to clotting. Hence, it does not appear correct to assume, as
these algorithms do, that decreased a-angle values strictly
reflect fibrinogen deficit, while decreased overall clot firmness
(MA or MCF) reflects platelet deficit. Indeed, there is strong
evidence that the MA (or MCF) parameter does not represent
the sole contribution of platelets to clot firmness, and the
assessment of a platelet deficiency is likely to be more appro-
priate if a “multiple assays” approach is taken. Various studies
investigating blood clot’s properties describe the use of the pla-
telet component as parameter reflecting the contribution of pla-
telets to clot strength®'*'* and a few have described its use
during cardiovascular surgery or trauma.'>"'” Although guide-
lines currently recommend the use of multiple viscoelastic
assays in order to discriminate between a fibrinogen or platelet
deficit and to guide hemostatic therapy,'®'? future investiga-
tions would be valuable to determine the clinical benefit of the
platelet component as a parameter to guide platelet transfusion.

A comparable EXTEM MCF value can be composed of a
low FIBTEM measurement and high platelet component, or a
high FIBTEM measurement and low platelet component, as
demonstrated in Figure 3. This supports the use of a combina-
tion of 2 tests, without platelet inhibitor (EXTEM assay) and
with platelet inhibitor (FIBTEM assay) to assess the platelet
component and to give an indication of the response to platelet
concentrates transfusion.

It has been demonstrated that in samples with high platelet
counts, cytochalasin D alone may not fully inhibit the contribu-
tion of platelets in the FIBTEM assay.’ Our data show that sig-
nificant positive correlations were observed between platelet
count and EXTEM MCEF as well as MCE values. No significant
correlations were observed between platelet count and FIB-
TEM MCF or MCE values. Our results confirm that platelet
inhibition with cytochalasin D was sufficient for the platelet
count range in this study. These findings are consistent with
a study conducted by Kander et al who found that increasing
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Table 3. ROTEM Measurements.?

Pretransfusion® Posttransfusion® Change (95% ClI) P Value
a-angle, ° 74 (62-77) 75 (68-78) 2 (0to3) .008
EXTEM CT, seconds 53.0 (50.0-57.3) 52.0 (49.0-57.0) —1.0 (—3.0to 1.2) 27
EXTEM A0, mm 260 + 9.9 37.7 + 82 11.7 (92 to 14.2) <.001
EXTEM A20, mm 322 + 108 469 +13.5 14.8 (10.6 to 18.9) <.001
EXTEM MCF, mm 35.0 + 10.1 48.1 + 8.0 13.1 (10.5 to 15.8) <.001
EXTEM MCE 57.6 + 252 97.1 + 289 39.6 (31.8 to 47.3) <.001
FIBTEM A10, mm 159 + 7.7 16.5 + 6.9 0.6 (0.1 to 1.3) .10
FIBTEM A20, mm 173 + 83 179 + 74 0.6 (—0.1 to 1.3) .08
FIBTEM MCF, mm 18.6 + 8.6 193 + 7.6 0.6 (—0.2 to 1.4) A
FIBTEM MCE 243 + 14.1 25.0 + 125 0.7 (—0.5 to 1.8) .26
Platelet component (EXTEM MCE — FIBTEM MCE) 34.1 + 18.1 73.0 + 23.0 38.9 (30.7 to 47.0) <.001

Abbreviations: Cl, confidence interval; SD, standard deviation; IQR, interquartile range. Significant P values (<.05) are shown in bold.

*Values are presented as mean + SD or median (IQR).

®Data available for 35 of 36 platelet concentrate units for all measurements with the exception of pretransfusion EXTEM A20, where data were available for 34 of

36 platelet concentrate units.
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Figure 2. Pretransfusion and posttransfusion assessment of fibrinogen contribution using EXTEM and FIBTEM measurements in a single patient.

Although EXTEM maximum clot firmness (MCF) increases posttransfusion (B), FIBTEM values remain the same as pretransfusion (A).

platelet count improved EXTEM measurements of clot firm-

ness with no change in FIBTEM results.?’

Following platelet concentrates transfusion, the aPTT time
was significantly shortened unlike what was reported by Flis-
berg and colleagues who did not observe any change in the

aPTT after platelet infusion.? It should be noted, however, that

the increase in platelet count after transfusion was greater in

our study (28 x 10°/L vs 12 x 10°/L in the Flisberg’s study)
probably attributable to the pretransfusion platelet count which
was twice higher in the patients enrolled in the Flisberg study
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Figure 3. Pretransfusion assessment of platelet contribution using EXTEM and FIBTEM measurements in 2 different patients. Although EXTEM
maximum clot firmness (MCF) is comparable, (A) shows a high platelet count and a low FIBTEM value, whereas (B) shows a low platelet count

and a high FIBTEM value.

than in those enrolled in our study. This greater change in pla-
telet count could have impacted on the aPTT, which evaluates
the activity of the intrinsic pathway of the coagulation cas-
cade. Indeed, although this test is performed in platelet-poor
plasma, the increased platelet count after transfusion might
have led to an increase in platelet-derived phospholipids
which in turn contributed to a greater activation of the intrin-
sic coagulation pathway.

Current guidelines recommend a threshold of 10 x 10°/L for
prophylactic platelet transfusion and as suitable in patients
without additional risk factors (eg, sepsis, concurrent use of
antibiotics, and other abnormalities of hemostasis).?'** In a
trial investigating the efficacy and safety of therapeutic versus
prophylactic platelet transfusion to prevent bleeding in patients
with hypoproliferative thrombocytopenia, the authors recom-
mended that in patients with acute myeloid leukemia prophy-
lactic platelet administration should remain the standard of
care.”> A similar threshold of 10 x 10°/L was recommended
by the American Society of Clinical Oncology in their clinical
practice guidelines for platelet transfusion in patients with can-
cer.! This recommendation was made for adult patients

receiving therapy for acute leukemia, and patients with solid
tumors during chemotherapy-induced thrombocytopenia.
However, the guidelines did note that ““a higher threshold may
be required in newborns or in patients with signs of hemor-
rhage, high fever, hyperleukocytosis, rapid fall of platelet
count, or coagulation abnormalities and in those undergoing
invasive procedures or in circumstances in which platelet trans-
fusions may not be readily available in case of emergencies.”
These guidelines also state that it is probably reasonable to
use similar guidelines for children and older infants. These
reasons directly informed our decision to use a platelet count
threshold of 50 x 10°/L; indeed, while platelet avoidance
might be recommended to prevent the risk of infection, bleed-
ing avoidance is also critical in these thrombocytopenic
pediatric patients undergoing chemotherapy. Nevertheless,
we agree that further evidence is necessary for this clinical
approach, in order to balance the risks of platelet transfusion
and the risk of bleeding. Furthermore, the utility of rapidly
available coagulation parameters such as platelet component
and the potential application of other choices of hemostatic
therapy mandate further investigations.
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A limitation of the study is that coagulation testing occurred
1 to 2 hours following platelets transfusion. The hemostatic
changes observed may have been greater if coagulation testing
was performed immediately posttransfusion.

Conclusion

In conclusion, platelet concentrates transfusion in thrombocy-
topenic pediatric patients undergoing chemotherapy improved
platelets contribution to clot firmness. The ROTEM analyses
(EXTEM and FIBTEM) allowed for a rapid and specific eva-
luation of this effect.
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