Annals of Hematology (2019) 98:861-868
https://doi.org/10.1007/500277-018-3579-z

ORIGINAL ARTICLE

@ CrossMark

Role of platelets in thrombin generation amongst patients
with non-transfusion-dependent thalassaemia

Chuen Wen Tan' @ - Wan Hui Wong' - Roserahayu Idros? - Yiong Huak Chan? - Hartirathpal Kaur' -
Alvin Ren Kwang Tng* - Lai Heng Lee' - Heng Joo Ng' - Ai Leen Ang’

Received: 15 January 2018 / Accepted: 7 December 2018 /Published online: 13 December 2018
© Springer-Verlag GmbH Germany, part of Springer Nature 2018

Abstract

Non-transfusion-dependent thalassaemia (NTDT) is associated with a hypercoagulable state with thrombotic risk highest after
splenectomy. Various mechanisms have been proposed. Although an antiplatelet agent is commonly recommended as
thromboprophylaxis in NTDT, the role of platelets contributing to this hypercoagulable state is not well-defined. This study
aims to evaluate the role of platelets contributing to hypercoagulability in NTDT patients using thrombin generation (TG).
Platelet-rich (PRP) and platelet-poor plasma (PPP) were collected from NTDT patients (n =30) and normal controls (n =20)
for TG measurement and compared. Controls had higher endogenous thrombin potential (ETP) in PPP (1204.97 nM.min vs
911.62 nM.min, p <0.001) and PRP (1424.23 nM.min vs 983.99 nM.min, p < 0.001) than patients. Patients’ mean normalized
ETP ratio [ {PRP ETP (patient)/PPP ETP (patient)}/{mean PPP ETP (controls)/mean PPP ETP (controls)} ], demonstrated that the
presence of platelet does not alter ETP (mean ratio 0.97, 95% CI 0.93—-1.02, equivalence defined as 10%). Types of thalassaemia,
splenectomy, and severity of liver iron overload did not significantly influence patients’ ETP in PPP and PRP by multivariate
analysis. Platelets did not increase the TG potential of NTDT patients. Instead of being hypercoagulable, our NTDT patients were
hypocoagulable by ETP measurement, although this could not be conclusively demonstrated to correlate with their iron
overloading state giving rise to reduced synthesis of coagulation factors. The guideline recommendations for
thromboprophylaxis with antiplatelet agents in similar NTDT patients should be re-examined.
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Introduction

Venous thrombosis and less commonly arterial thrombosis are
cited as major complications of non-transfusion-dependent
thalassaemia (NTDT) which encompasses beta thalassaemia
intermedia, HbE/beta thalassaemia and HbH disease.
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Thrombotic events have been reported to account for up to
10% of mortality amongst these patients with the highest risk
in patients who have undergone splenectomy [1-5]. To reduce
thrombotic events, the Thalassaemia International Federation
guidelines for the management of NTDT currently recom-
mends consideration of aspirin therapy in splenectomized
NTDT patients with elevated platelet counts above 500 x
10°/L [6]. Robust evidence supporting the use of antiplatelet
therapy in NTDT patients are however currently limited and
wanting. As antiplatelet therapy is not innocuous, more com-
pelling scientific data to define the role of platelets and support
targeting platelets for reducing thrombotic events is necessary.

A hypercoagulable state in patients with NTDT has previ-
ously been demonstrated by using thromboelastography
(TEG) [7]. While TEG measures the global haemostatic func-
tions with respect to the dynamics of clot formation, stabiliza-
tion and dissolution in whole blood, it however does not de-
finitively identify the contributions of the different compo-
nents in whole blood towards this state. Studies using assays
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to measure thrombin generation (TG) in platelet-poor plasma
(PPP) from NTDT however did not find any increase in TG
[7, 8]. By inference, this would suggest that this hypercoagu-
lability was possibly conferred by red cells and/or platelet
factors rather than plasma coagulation factors. Further efforts
to elucidate a direct role of platelets have not been attempted.
Because TG can also be measured using platelet-rich plasma
(PRP), TG assays offers an opportunity to investigate the role
of platelets. Hence, a comparison of TG between PRP and
PPP specimens may be used to determine the contributions
of platelets and plasma components in hyper- or
hypocoagulable state. In essence, this provides a measure of
the functional state of coagulation albeit indirectly.

Based on the hypothesis that NTDT patients are hyperco-
agulable because of an increase in platelet-dependent TG, we
performed a study to compare TG in PRP and PPP using a
calibrated automated thrombogram (CAT) system in NTDT
patients and a population of controls. This paper reports the
findings of our study.

Materials and methods

This study protocol was approved by our local Institutional
Review Board and all procedures followed were in accor-
dance with the ethical standards of the responsible committee
on human experimentation of our institution. Informed con-
sent was obtained from all the subjects for being included in
the study. Recruitment of subjects was conducted between
June 2014 and May 2015.

Patients

All NTDT patients managed by the Department of
Haematology, Singapore General Hospital, were screened
for the study. NTDT, as defined by the Thalassaemia
International Federation, includes beta thalassaemia
intermedia, HbE/beta thalassaemia (mild and moderate forms)
and HbH disease (deletional and non-deletional). The exclu-
sion criteria were pregnancy and patients on active
anticoagulation.

Demographic and clinical parameters collected included
diagnosis (type of thalassaemia), age, gender, splenectomy,
red cell transfusion, chelation, history of arterial and venous
thromboembolism, pulmonary hypertension, measures of iron
overload (serum ferritin, liver and myocardial T2*), medica-
tion (including oral contraceptive pills and hormone
replacement therapy, anti-platelets, anticoagulants) and
malignancy.

A cohort of 20 healthy individuals was recruited as normal
controls. Those with splenectomy, history of thrombotic or
bleeding disorder, malignancy, use of anticoagulation,
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antiplatelet or oral contraceptives or have other conditions
known to alter the haemostatic balance were excluded.

Blood sampling and plasma preparation

After obtaining informed consent, blood samples from pa-
tients and healthy subjects were collected into vacuum tubes
using 21G needle without tubing. Samples were first collected
into a vacuum tube (BD, Franklin Lakes, NJ, USA) containing
K2 EDTA 5.4 mg for the measurement of full blood count.
Three subsequent samples were collected in vacuum tubes
(BD, Franklin Lakes, NJ, USA) containing 0.109 M sodium
citrate as an anticoagulant at a proportion of 9:1
(blood:anticoagulant). The samples were then centrifuged
within 30 min at room temperature using two separate
procedures:

1. Centrifugation for 5 min at 2000g, followed by 5 min at
2000g (Hettich Rotofix 32A, Andreas Hettich GmbH &
Co. KG, Tuttlingen, Germany) to obtain PPP. The PPP
was then quick-frozen and stored at — 80 °C until testing
for TG, which were performed not later than 6 months
after blood collection.

2. Centrifugation for 15 min at 150g (Hettich Rotofix 32A,
Andreas Hettich GmbH & Co. KG, Tuttlingen, Germany)
to obtain the PRP. Supernatant plasma was harvested and
platelets were counted using the Sysmex XN9000 auto-
mated haematology analyzer. Platelet numbers from each
specimen were then adjusted by dilutions of the autolo-
gous platelet-rich plasma into autologous PPP to a stan-
dard platelet count of 150 x 10(9)/L. TG measurement
was performed on PRP specimens within 1 h of
preparation.

Thrombin generation

TG in PPP and PRP were analyzed using CAT ® (Diagnostica
Stago S.A.S, Asniéres sur Seine Cedex, France) system with
PPP Reagent™, PRP Reagent™, Thrombin Calibrator™ and
FluCa kit™ (Diagnostica Stago S.A.S, Asniéres sur Seine
Cedex, France). TG was assessed as endogenous thrombin
potential (ETP) as previously described [9, 10]. Briefly, the
CAT assay was performed in a prewarmed plate fluorometer.
To each well, 80 pL of plasma was added in combination with
20 uL of the trigger: for PPP, the final concentrations of the
trigger were SpM tissue factor and 4 uM phospholipid; for
PRP, the final concentration of tissue factor in the trigger was
0.5pM without added phospholipids. TG was then started and
simultaneously measured by dispensing 20 pL of a mixture of
fluorogenic substrate and buffer containing calcium chloride
to the plasma. Data are obtained using ThrombinoscopeTM
software (Thrombinoscope BV, Maastricht, The Netherlands).
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CAT parameters generated were (1) lag time (min): the initia-
tion phase of clotting which equals to the clotting time; (2)
peak height (nM): the maximal amount of thrombin formed,;
(3) ETP (nM*min): the area under the curve representing TG
and decay in time; and (4) time to peak (min): the time needed
to achieve the peak height.

Laboratory tests

Full blood count was performed using the Sysmex XN9000
automated haematology analyzer (Sysmex Corporation,
Kobe, Japan) while prothrombin time (PT) and activated par-
tial thromboplastin time (aPTT) were measured using the
Sysmex CS2100i automated coagulometer (Sysmex
Corporation, Kobe, Japan) with the Dade Innovin and Dade
Actin FSL reagents (Siemens Healthcare, Marburg, Germany)
respectively for all the subjects. Based on interim analysis of
data, factor V and factor VII levels were subsequently mea-
sured using the Sysmex CS2100i coagulometer with the factor
V deficient plasma (Diagnostica Stago, S.A.S, Asniéres sur
Seine Cedex, France) and factor VII deficient plasma
(Siemens Healthcare, Marburg, Germany).

Statistical analysis

Results were analyzed using the SPSS version 23 (IBM
Corporation, USA) with statistical significance set at
p <0.05. Descriptive parameters for numerical variables were
presented as mean [standard deviation (SD)] and n (%) for
categorical variables. Differences between patients and con-
trols for numerical variables were analyzed using 2-sample ¢
test when normality and homogeneity assumptions were sat-
isfied. Otherwise, Mann-Whitney U was performed. Chi-
square/Fisher’s exact tests were performed on categorical var-
iables. Adjusted analyses for numerical outcomes were per-
formed using general linear models (GLM).

Results

A total of 60 NTDT patients were screened. Two patients
were excluded as they were on anticoagulation for indica-
tions not related to underlying NTDT (one for atrial fibril-
lation and one for anti-phospholipid syndrome). Twenty-
eight patients declined to participate and 30 patients were
eventually recruited. Twenty healthy subjects were recruit-
ed as normal control.

The baseline characteristics of NTDT patients and controls
are shown in Table 1. While the gender distribution was sim-
ilar, NTDT patients were significantly older than the controls.
At baseline, both groups had similar platelet counts and aPTT
but the patient group had significantly longer PT and corre-
sponding lower factor V and factor VII than the control group.
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Table 1 Baseline characteristics of the patients and normal controls
Characteristics Patients (n =30) Controls (n=20)  p value
Demographic
Male, n (%) 13 (43.3%) 9 (45.0%) NS
Age (year), mean 51.6+16.9 (21-84) 33.8+6.9 (26-47) <0.001
+ SD (range)

Laboratory”

Platelet (<10°/L) 281 +116 296 +46 NS

PT (s) 10.89+0.76 10.12+0.41 <0.001
aPTT (s) 30.57+£5.58 31.39+6.47 NS
Factor V (%) 90.62 +£22.78 101.44+12.04 0.034
Factor VII (%) 88.24+29.28 115.10£19.90 <0.001

~All laboratory results are expressed in mean + SD
SD, standard deviation; NS, nonsignificant (p > 0.05)

Their mean PT and factor VII were however within the normal
reference ranges (9.9-11.4 s for PT, 70-170% for factor V and
40-180% for factor VII) of the local laboratory.

Clinical characteristics of the patients with NTDT are
shown in Table 2. Almost half of the patients had HbH disease
and approximately a quarter of the patients had splenectomy.
Majority of the patients were below the age of 50. One patient
had a history of malignancy but was treated and in remission
during the time of the study. One patient was on antiplatelet
for post-splenectomy primary prophylaxis while none was on
anticoagulation. No patients had a history of arterial or venous
thrombosis. Two patients admitted to taking traditional
Chinese medicine infrequently. Such medicine was stopped
for more than 1 week before blood sampling. The mean and
median ferritin levels of the patients were 975.3pug/l and
558ug/l respectively (ranging from 74.6ug/l to 4967ug/l).
The mean platelet count for patients with splenectomy was
significantly higher than those without splenectomy (617 x
10°/L vs 179 x 10°/L, p < 0.01).

Approximately a quarter of the patients did not have a
formal assessment of cardiac and liver iron load. These pa-
tients were older and aged above 50 years. For patients with
cardiac/liver MRI T2* performed, the MRI T2* images were
analyzed using CMRTools software (Cardiovascular Imaging
Solutions Ltd. [CVIS], London, UK) and their liver iron con-
centrations (LIC) were estimated using validated formula of
conversion from T2* values (LIC =31.94(T2*) %1% [11]
based on the latest MRI T2* report at the point of enrolment
to the study. They had mean LIC of 14.93 mg/g dw (SD =
10.19 mg/d dw, min=3.52 mg/g dw and max =35.54 mg/g
dw). More than 90% of these patients had clinically significant
liver iron overload (LIC of more than 5 mg/g dw) but only one
patient had established liver cirrhosis from secondary
haemochromatosis. None, except one, had cardiac iron load-
ing on their latest MRI-T2* at the time of the study. That
particular patient had a cardiac T2* of 16.9 ms.
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Table 2 Clinical characteristics of patients with non-transfusion-
dependent thalassaemia (NTDT)

Characteristics Number (%)
Chelation
On chelation 14 (46.7)
Not on chelation 16 (53.3)
Age range
21-30 3(10.0)
3140 7 (23.3)
41-50 5(16.7)
51-60 6 (20.0)
61-70 5(16.7)
71-80 3 (10.0)
81-90 13.3)
Type of thalassaemia
HbH disease 14 (46.7)
HbH Constant Spring 6 (20.0)
Beta thalassaemia intermedia 5(16.7)
HbE-beta thalassaemia 5(16.7)
Splenectomy
Yes 7 (23.3)
No 23 (76.7)
Transfusion (within last 12 months)
None 15 (50.0)
1 to 5 units of red cells 10 (33.3)
6 to 10 units of red cells 5(16.7)
Severity of liver iron overload
Optimal LIC (LIC <5 mg/g dry weight) 2 (8.7)
Suboptimal LIC (LIC 5-15 mg/g dry weight) 12 (52.2)
Severe (LIC > 15 mg/g dry weight) 9 (46.0)
No scan performed 7 (23.3)

LIC, liver iron concentration

The representative TG parameters in both PPP and PRP
samples of the patients and controls are shown in Fig. 1.
With adjustment for age and gender, patients with NTDT
had significantly less mean ETP compared to controls in both
PPP and PRP (Table 3). There was no significant difference
between patients and controls for the rest of the TG parameters
in both PRP and PPP (Table 3). Overall, the mean ETP in PRP
of all subjects were higher than that in PPP (1172.33 +
316.55 nM.min vs 1039.14 +£261.28 nM.min, p < 0.001).

As the ETPs in both PPP and PRP of the patients were
lower than the controls, the ETP ratio (ETP in PRP/ETP in
PPP) for each subject was calculated to allow for more robust
evaluation of the role of the platelets between patients and
controls in generating TG. The mean ETP ratio of the controls
was 1.1677. To evaluate the contribution of patients’ platelet
to ETP, anormalized ETP ratio (individual patient’s ETP ratio/
1.1677) was established. A normalized ratio of 1 would mean
the extent of reduction of a patient’s ETP in PPP and in PRP,
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Fig. 1 Representative thrombin generation curves in both platelet-poor

plasma (PPP) and platelet-rich plasma (PRP) of patient and control,

respectively

respectively, compared to the controls is similar, i.e. the
thrombin-generating function of the platelets is similar be-
tween patients and controls. A ratio of > 1 would mean there
is more ETP generated in patients’ PRP and with the converse
being the case if the ratio is < 1. Taking into account the
standard deviation of ETP of our general population (based
on 145 normal subjects, our locally established mean ETP in
PPP was 1329.2 nM.min with SD of 164.9 nM.min; mean
ETP in PRP of 1421 nM.min with SD 259 nM.min were
established based on the 20 normal subjects in this study),
equivalence was pre-determined to be 10% (95% confidence
interval of patients’ normalized ETP ratio of 0.9 to 1.1). The
mean normalized ETP ratio of the patients was 0.97 (95% CI
0.93-1.02) and this falls within the equivalence range.

Subgroup analysis of ETPs by type of thalassaemia, sple-
nectomy status and severity of liver iron overload is shown in
Table 4. Notably, patients with different types of thalassaemia
had varying ETP levels although none reached statistical sig-
nificance. In PPP, patients with beta thalassaemia intermedia
had a mean difference of ETP of approximately between
160 nM.min and 200 nM.min lower compared to the other
types of thalassaemia. A similar trend of ETP results amongst
patients with beta thalassaemia intermedia was however not
demonstrated in PRP. In PRP, patients with HbH disease had
higher ETP than the rest (mean difference of between
100 nM.min and 160 nM.min).

For the single patient on aspirin, patient’s ETP in PRP and
PPP were 1100 nM.min (marginally above the 95% CI of
patients’ unadjusted mean) and PPP 857 nM.min (within
95% CI of patients’ unadjusted mean) respectively. For the
only patient with established liver cirrhosis, the ETP in both
PRP and PPP were 1092 nM.min and 884 nM.min, respec-
tively (both within the 95% CI of patients’ adjusted mean).

Amongst patients whose iron overload status had been for-
mally assessed, the severity of liver iron overload (as estimat-
ed by LIC) was inversely correlated to ETP in PPP (rs=—
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Thrombin generation parameters (unadjusted and adjusted mean) of the patients and controls in (a) platelet-poor plasma (PPP) and in (b) platelet-rich plasma (PRP)

Table 3

Adjusted mean” (95% CI)

Unadjusted mean (95% CI)

Peak (nM)

Lag time (min) Time to peak (min)

Peak (nM) ETP (nM.min)

Time to peak (min)

Lag time (min)

ETP (nM.min)

(a) Thrombin generation in PPP

5.61 (5.21-6.01)* 199 (182-217)

2.83 (2.60-3.07)
3.05 (2.75-3.36)

5.64 (5.29-6.00) 199 (183-216) 912 (832-991)*

6.29 (5.78-6.81)

2.87 (2.65-3.08)
2.98 (2.68-3.27)

915 (838-992)

Patient

222 (200-244)

1205 (1102-1308)* 6.42 (5.90-6.93)*

229 (204-254)

1225 (1120-1330)

Control

(b) Thrombin generation in PRP

75.3 (67.4-83.2)

14.80 (13.4-16.1)

6.26 (5.71-6.81)
6.58 (5.87-7.28)

6.26 (5.65-6.86) 14.71 (13.2-16.2) 75.4 (67.3-83.5) 984 (896-1072)*

6.48 (6.04-6.93)

1007 (920-1094)
1421 (1299-1542)

Patient

87.0 (76.9-97.2)

17.07 (15.3-18.79)

89.2 (80.1-98.2) 1424 (1311-1538)*

17.10 (16.2-18.0)

Control

ETP endogenous thrombin potential

*Significant difference between patients and contols (p <0.001)

"“Adjusted for age and gender

0.487,p=0.019) and in PRP (rs =—0.390, p = 0.066) (Fig. 2).
However, there was no significant correlation observed for
patients’ LIC to factor V (rs=-0.094, p =0.669), factor VII
(rs=-0.011, p=0.959) and PT (rs=0.195, p=0.371).

Multivariate analysis involving existing clinical variables
(age, gender, type of thalassaemia, splenectomy status and
severity of liver iron overload) demonstrated that none of
these factors significantly correlated with ETPs in both PPP
and PRP amongst the patients (p > 0.05) (Table 5).

Discussion

Increased platelet aggregation and expression of activation
markers as well as the presence of platelet morphologic ab-
normalities have been described in NTDT patients [12—15].
Although this implies that their platelets are likely to be in the
activated state, it was unclear if this is a primary phenomenon
or an effect of increased TG. Activated platelets amplify TG
but thrombin also serves as an activator of platelets.
Regardless, our study sought to determine if the state of plate-
lets in NTDT contributed to a more hypercoagulable state. A
comparison of TG potential in both PRP and PPP samples
from NTDT patients and normal controls offers an approach
to evaluate the role of these platelets in NTDT patients. In
having a normal control population, we were able to calculate
a normalized ratio which was then used to determine if TG
was enhanced in the presence of platelets in the studied patient
population.

Contrary to our expectations, the ETP measured did not
support the notion of platelets playing a significant role in
the touted hypercoagulability of NTDT patients. Firstly, the
absence of any statistically significant difference in the mean
normalized ETP ratio between PRP and PPP samples indi-
cates that the platelet of NTDT patients did not enhance TG
any differently than platelets in normal individuals. Therefore,
if indeed NTDT patients are hypercoagulable compared to
normal individuals, an alternative mechanism other than plate-
lets or plasma must be in play. Evidently, this points towards
the remaining component in the equation which is the role of
the red cells in these individuals. Splenectomized NTDT pa-
tients who are not transfused adequately are reported to be at
higher risk of thrombosis than splenectomized thalassaemia
major patients who are transfused adequately [4]. This seems
to suggest the procoagulant role of red cells in these patients
with NTDT with the effect potentially negated by transfusion
[12, 13]. Unfortunately, the current study cannot assess the
role of NTDT red cells in TG nor are there readily available
commercial kits to do so.

Another significant finding was that ETP in our patients in
both PRP and PPP were lower than that in normal controls.
Two previous studies have shown contrasting results in this
respect. Tripodi et al. measured TG in the presence of
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Table 4 Mean endogenous thrombin potential (ETP) (unadjusted and adjusted) of patients according to the type of thalassaemia, splenectomy status

and severity of liver iron overload

Characteristics Unadjusted mean (95% CI)

Adjusted mean (95% CI)

ETP in PPP (nM.min) ETP in PRP (nM.min) ETP in PPP (nM.min) p value ETP in PRP (nM.min) p value

Type of thalassaemia

HbH disease
HbH Constant Spring

Beta thalassaemia intermedia
HbE-beta thalassaemia

1017 (924-1110)
843 (618-1068)

726 (617-835)
905 (578-1232)

Splenectomy

Yes 924 (717-1131) 1030 (778-1282)
No 913 (824-1001) 1000 (902-1098)
Severity of liver iron overload

Optimal 1090 (917-1263) 1282 (1075-1490)
Suboptimal 943 (826-1061) 1037 (913-1162)
Severe 772 (627-917) 832 (685-980)

1144 (1036-1253)
856 (706-1006)

851 (694-1008)
958 (558-1359)

979 (739-1218) NS*
945 (742-1147)

788 (562-1014)
993 (731-1255)

1144 (909-1380) NS*
983 (784-1182)

982 (760-1204)
1044 (786-1301)

899 (720-1077) 0.686 1056 (880-1231) 0.794
953 (769-1138) 1021 (840-1202)
1058 (739-1377) NSA 1207 (893-1520) NSA

908 (761-1056)
812 (655-969)

1017 (871-1162)
891 (737-1046)

CI, confidence interval; ETP, endogenous thrombin potential; PPP, platelet-poor plasma; PRP platelet-rich plasma

NS*: p>0.05 for all the pairwise comparisons with the different types of thalassaemia by Bonferoni

NS”: p>0.05 for all the pairwise comparisons with the different severity of thalassaemia by Bonferoni

Adjusted for age, gender, type of thalassaemia, splenectomy status and severity of liver iron overload

thrombomodulin and reported similar ETPs amongst patients
with NTDT and normal controls [7]. In contrast, another group
of investigators demonstrated significantly reduced ETPs in
PPP of thalassaemic patients without the addition of
thrombomodulin compared to controls [8]. While these differ-
ences could be explained by the use of thrombomodulin, this
reduction in ETP in NTDT patients may be accounted by
additional findings in our study.

Firstly, more than 80% of our patients with measured liver
iron had iron overload which could contribute to subtle im-
pairment of liver function. This was reflected in the

Plasma
1400 O Platelet-poor plasma A Platelet-rich plasma
R%a
@]
1200
800 A
o 1000 4 g
L @)
@]

800+

600+

400 T T T T

LiC

Fig. 2 Correlation of endogenous thrombin potential (ETP) in both
platelet-poor plasma (PPP) and platelet-rich plasma (PRP) with liver iron
concentration (LIC)
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significantly longer PT in NTDT patients compared to con-
trols, although most were numerically within normal ranges.
As surrogates of liver synthetic functions, factor V and factor
VII were measured in this study and were also found to be

Table 5 Multivariate analysis of patients’ variables influencing their
endogenous thrombin potential (ETP) in both platelet-poor plasma
(PPP) and platelet-rich plasma (PRP)

Parameters ETP in PRP ETP in PPP
B p value B p value
Gender
Male -91.997 0.387 —160.466 0.147
Female®
Splenectomy
Yes 34.519 0.266 —54.361 0.686
No*
Age 2.399 0.448 —0.227 0.943
Type of thalassaemia
HbH disease 100.725 0.613 —13.923 0.945
HbH Constant Spring -60.628 0.67 —48.072 0.739
Beta thalassaemia intermedia —61.905 0.697  —204.732 0.217
HbE-beta thalassaemia®
Iron overload severity
Optimal 315259 0.098 246.216 0.195
Suboptimal 125275 0.24 96.712  0.367
Severe®

#Reference parameter
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significantly reduced in NTDT patients. More directly, we
demonstrated ETPs were inversely correlated to LIC amongst
patients with measured liver iron. Although the extent of re-
duction in clotting factors do not fall outside of their normal
ranges, the amalgamated effect of these reductions of
procoagulant factors in the plasma produces a relative
hypocoagulable state in NTDT patients which may best be
explained by the presence of liver iron overload. This
hypocoagulable state will not usually be obvious on routine
global coagulation tests such as the PT and aPTT. In fact, only
30% of our patients had PT longer than the normal range
while the distributions of aPTT were similar between our pa-
tients and controls.

Our postulation of iron overload as the cause for a
hypocoagulable state however cannot be verified with other
causes of primary and secondary liver iron overload as TG
have not been well-studied in these populations. While we
have demonstrated clotting factor reduction amongst patients
with liver iron overload, the extent of which the production
and functions of the natural anticoagulants system is affected
could not be determined as direct measurement of these fac-
tors were not performed and the TG assay was performed
without thrombomodulin. These would be the main limita-
tions of our study together with the small sample size which
did not permit accurate determination of clinical end points
such as bleeding and thrombosis.

Consistent with existing data, we demonstrated that the pa-
tients’ splenectomy status did not influence their ETPs in PPP
[7]. In addition, our data also suggested that the type of NTDT
did not have any significant impact on the patients’ ETPs in
both PPP and PRP samples. Albeit there were a limited number
of patients in each type of NTDT, the biggest absolute differ-
ence in ETP observed between any two groups was not suffi-
ciently large to signify any clinically relevant dissimilarity.

To our best knowledge, the other study evaluating TG in
PRP in thalassaemia involved transfusion-dependent beta thal-
assaemia patients only [16]. Interestingly, the investigators
demonstrated that in their four patients with splenectomy, the
kinetics parameters of TG (lag time and time to peak) were
significantly reduced compared to those without splenectomy
and healthy controls, suggesting a potential increased platelet
TG potential amongst those with splenectomy, although the
peak TG and ETP were similar [16]. In our current study, the
NTDT patients with splenectomy have a significantly shorter
time to peak and higher peak TG in PRP but similar ETP and
lag time compared to patients without splenectomy (results not
shown). When compared to controls, despite having signifi-
cantly shorter time to peak in PRP, our splenectomised NTDT
patients have significantly reduced ETP (results not shown).
While there is some similar trend of increased kinetic parame-
ters of TG in PRP amongst splenectomized patients (compared
to controls) between the earlier study and ours, the overall TG
potential as reflected in ETP is dissimilar between transfusion

dependent and NTDT. Hence, our study contributes important
information on the overall procoagulant potential generated by
platelets in NTDT. Although other aspects of platelet functions
are not investigated, based on our present findings, the platelet
TG potential is not increased in NTDT patients.

In conclusion, our study demonstrated that platelets did not
further enhance TG in NTDT patients especially those with
liver iron overload, regardless of their splenectomy status.
Hence, these patients may not benefit from aspirin as prophy-
laxis against thrombotic events previously attributed to
NTDT, as recommended by the Thalassaemia International
Federation Guidelines. On the contrary, they may actually be
hypocoagulable, especially in patients with liver iron
overloading. Given the bleeding risk associated with aspirin
therapy, its role should be reconsidered in NTDT patients with
iron overload.
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