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Abstract

Background: The increased survival rate of thalassemic patients has led to unmasking of man-
agement related complications which were infrequently encountered.
Objective: Study the increased coagulation and platelet activation in children with
b-thalassemia, to analyze the factors that lead to such hypercoagulable state and to study
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Please cite this article in press as: Fay
hypertension in children with b-thalas
pulmonary hypertension (PH) in conjunction with platelet activation and hypercoagulable state
in children with b-thalassemia.
Methods: 36 Egyptian children with b-thalassemia with a mean age of 9.9 years (±4.7 SD). In
addition, 20 healthy Egyptian children matched for age and sex were enrolled as a control
group. Both were subjected to clinical and laboratory assessments. Echocardiography was done
to the patient group and PH was diagnosed based on calculated mean pulmonary artery pres-
sure [MPAP] >25 mmHg.
Results: We found that, mean ± SD serum P-selectin level (platelet activator marker) was sig-
nificantly higher in thalassemic patients (2337 ± 566 pg/ml) in comparison to controls (1467
± 247 pg/ml) (P < 0.001). Mean serum protein-C and antithrombin-III levels were significantly
lower in thalassemic patients (1.2 ± 1.3 µg/ml, 27.3 ± 7.5 mg/dl) in comparison to controls
(2.3 ± 1.3 µg/ml, 35.1 ± 4.1 mg/dl) (P = 0.003 and <0.001) respectively. PH was detected in
17 (47.2%) patients and it was significantly associated with splenectomy (P = 0.01) and non-
transfusion dependent thalassemia (NTDT) (P = 0.04). PH was positively correlated with serum
levels of P-selectin (r = 0.38, P = 0.02), fibrinogen (r = 0.41, P = 0.01) and negatively correlated
with serum protein-C level (r = �0.48, P = 0.003).
Conclusion: A chronic hypercoagulable state and platelet activation is present in children with
b-thalassemia. Splenectomy and transfusion infrequency are the main risk factors noted to be
associated with such hypercoagulable state and platelet activation and consequently the PH
among our thalassemic patients.

� 2017 King Faisal Specialist Hospital & Research Centre. Published by Elsevier Ltd. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).
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Introduction

Thalassemia is a common hereditary blood disorder that
stems from genetic defects, resulting in deficiency of the
hemoglobin polypeptide chain synthesis [1]. The association
of the severe forms of the disease with complications of
blood transfusion (BT), iron overload, bone deformity, and
gall bladder stones is well described. In recent years, there
have been increasing reports of hemostatic derangement
complications, which significantly influence the morbidity
and mortality of this disease. These derangements range
from subclinical derangement of hemostatic parameters to
various thromboembolic (TE) events such as pulmonary
embolism, deep vein thrombosis, and portal vein thrombosis
[2]. The mechanism of the TE events in thalassemia has not
been fully elucidated. There are diverse factors contribut-
ing to its etiopathogenesis. Among the factors that have
been actively investigated are increased platelet activation,
endothelial activation, red blood cell (RBC) membrane
abnormalities leading to activation of the coagulation cas-
cade, and the changes in coagulation protein level [3,4].
Pulmonary hypertension (PH) is increasingly recognized as
part of the clinical spectrum for b-thalassemia, and little
is understood about the mechanisms and the risk factors
for its development. Several studies have suggested that
chronic hypoxia and lung injuries due to infections and iron
depositions are common causes [5], whereas others suggest
a hypercoagulable state causing thrombotic lesions in the
lungs as a risk factor [6]. We sought to confirm the hyperco-
agulability and platelet activation among children with b-
thalassemia, and whether such a state of hypercoagulability
could be involved in thalassemia-related PH.
ed MA et al., Study of platelet ac
semia ..., Hematol Oncol Stem Cel
Patients and methods

This prospective case control study was conducted at the
Mansoura University Children Hospital (MUCH) in compliance
with the Clinical Pathology Department (Faculty of Medicine
Mansoura University), from September 2013 until March
2015. The study included 36 Egyptian children with
b-thalassemia [20 (55.6%) females and 16 (44.4%) males]
with a mean age of 9.9 (±4.7 standard deviation) years. In
addition, 20 healthy Egyptian children with matched age
and sex were enrolled as a control group. Patients were
recruited from the hematology outpatient clinic in MUCH.
Healthy controls were selected from children attending
the MUCH outpatient clinic for routine follow-up care with
no known history of blood diseases, chronic systemic illness,
or BT.

Diagnosis of patients was by high-performance liquid
chromatography electrophoresis [7]. In our study, 25
patients (69.4%) were diagnosed to have beta-thalassemia
major (b-TM), whereas 11 patients (30.5%) were diagnosed
as nontransfusion-dependent thalassemia (NTDT). Six of
our patients (16.7%) were not known to receive any iron
chelators through the course of their illness. By contrast,
30 patients (83.3%) were receiving iron chelators [defer-
azirox 15 (41.7%), deferoxamine 6 (16.7%), and deferiprone
9 (25%)]. Twenty-two (61.1%) of our patients were splenec-
tomized. We excluded patients with congenital heart dis-
ease and chronic lung disease. In addition, none of our
patients were receiving any antiplatelet or anticoagulant
medications. None of our patients had a history of thrombo-
sis including thrombophlebitis due to peripheral angio-
catheter insertion. The study was approved by the ethics
tivation, hypercoagulable state, and the association with pulmonary
l Ther (2017), http://dx.doi.org/10.1016/j.hemonc.2017.05.028
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committee of the Faculty of Medicine, Mansoura University,
Egypt. Informed consent forms were obtained from the legal
guardians of all children enrolled in the study.

All studied groups were subjected to history-taking,
physical examination, and laboratory evaluations, which
include complete blood count, liver function tests, serum
creatinine, serum ferritin, as well as hepatitis C virus and
hepatitis B virus antibody screening. In addition, we also
assessed P-selectin as a marker of platelet activation
[Human P-selectin enzyme linked immunosorbent assay
(ELISA) kit; Boster Biological Technology Co., Ltd., Pleasan-
ton, CA, USA], Cat. No. Ek0505, with serum protein C as a
marker of hypercoagulable state [human protein C (PC)
ELISA kit; Wkea Med Supplies Corp., USA], serum antithrom-
bin III (ATROM-III) as a marker of hypercoagulable state
(ATROM-III kit; Spinreact, Girona, Spain), and serum fibrino-
gen as a marker of hypercoagulable state (Fibrinogen Assay
Kit, 100 determinations; UK).

We assessed the pulmonary artery pressure in the tha-
lassemia group using echocardiography (Philips Medical Sys-
tems, Bothell, WA, USA; equipped with S5-1 and S8-3 MHz
transducer) and Philips EPIQ7C echocardiography machine
(version 1.3; Philips Medical Systems) equipped with S5-1
and S8-3 MHz transducer.

The right ventricular systolic pressure (RVSP) is equal to
the pulmonary artery systolic pressure (PASP) in the absence
of a gradient across the pulmonary valve or right ventricular
outflow tract (RVOT). The RVSP was derived from the peak
systolic velocity of the tricuspid regurgitation (TRV)
obtained by continuous-wave Doppler and adding the right
atrial pressure (RAP), using the modified Bernoulli equation:
Table 1 Comparison of laboratory findings between patients and

Patients
(n = 36)

WBC count (cells/mm3) 30.1 ± 24.8
Hemoglobin concentration (g/dL) 7.5 ± 1.6
Platelet count (cells/mm3) 548.2 ± 242.
SGOT (U/mL) 67.3 ± 40.9
SGPT (U/mL) 65.7 ± 46.3
Serum albumin (g/dL) 4.5 ± 0.6
Serum creatinine (mg/dL) 0.61 ± 0.2
Serum ferritin (ng/mL) 1.623 ± 1.03

Note. Data are expressed as mean ± SD. SD = standard deviation; SGO
tamic pyruvic transaminase; WBCs = white blood cells.
a Student t test.

Table 2 Comparison of markers of platelet activation and hyper

Patients
(n = 36)

Serum P-selectin (pg/mL) 2,337 ± 566
Serum antithrombin III (mg/dL) 27.3 ± 7.5
Serum protein C (µg/mL) 1.2 ± 1.3
Serum fibrinogen (mg/dL) 260 ± 75

Note. Data are presented as mean ± standard deviation.
a Student t test.

Please cite this article in press as: Fayed MA et al., Study of platelet ac
hypertension in children with b-thalassemia ..., Hematol Oncol Stem Cel
RVSP = 4(v)2 + RAP, where v is the peak velocity of TRV (in
m/s) [8]. The RAP was estimated by the response of the
inferior vena cava diameter to inspiration. RAP was assumed
to be 5 mmHg if the inferior vena cava completely collapsed
with inspiration, 10 mmHg if the inferior vena cava diameter
decreased more than 50% during inspiration, and 15 mmHg if
it decreased less than 50% [9]. The mean pulmonary artery
pressure (MPAP) is calculated from PASP using the following
equation: (MPAP = 0.61 � PASP + 2 mmHg) [10]. We defined
PH in our patients group as MPAP �25 mmHg [11].

Statistical analysis

The statistical analysis of data was performed using SPSS
program version 20 (SPSS, Inc., Chicago, IL, USA). All data
were tested for normality of distribution prior to statistical
analysis using Kolmogorov–Smirnov test. The description of
data was done in the form of mean and standard deviation
for quantitative data. Student t test was used to compare
between the two groups. The correlations between the
quantitative variables were tested using the Pearson corre-
lation test. Statistical significant difference was considered
at p � 0.05.

Results

The thalassemic patients had statistically significant higher
white blood cell (WBC) count, platelet count, serum glu-
tamic oxaloacetic transaminase (SGOT), serum glutamic
pyruvic transaminase (SGPT), and serum ferritin; however,
controls.

Controls
(n = 20)

pa

7.5 ± 1.7 <0.001
13.2 ± 0.6 <0.001

5 298.5 ± 73.0 <0.001
31.5 ± 5.9 <0.001
33.1 ± 6.6 0.003
4.5 ± 0.4 0.84
0.66 ± 0.2 0.42

8 90.4 ± 23.2 <0.001

T = serum glutamic oxaloacetic transaminase; SGPT = serum glu-

coagulable state between patients and controls.

Controls
(n = 20)

pa

1,467 ± 247 <0.001
35.1 ± 4.1 <0.001
2.3 ± 1.3 0.003
267.4 ± 16.4 0.69

tivation, hypercoagulable state, and the association with pulmonary
l Ther (2017), http://dx.doi.org/10.1016/j.hemonc.2017.05.028
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they exhibit lower hemoglobin concentrations in compar-
ison with the controls. By contrast, there was no statisti-
cally significant difference in other laboratory markers
such as albumin and creatinine (Table 1).

Serum P-selectin levels were significantly higher in tha-
lassemic patients than in controls. In addition, serum
antithrombin III and protein C were significantly lower in
patients in comparison with controls. By contrast, there
was no statistically significant difference in serum fibrino-
gen levels between patients and controls (Table 2).

The thalassemic patients with splenectomy had higher
WBC counts, platelet count, and serum ferritin level in com-
parison with nonsplenectomized thalassemic patients. How-
ever, there was no statistically significant difference in
other laboratory parameters such as hemoglobin, SGOT,
SGPT, serum albumin, and creatinine between the two
groups. Furthermore, patients with splenectomy showed
Table 3 Association of splenectomy with laboratory parameters

Splenectomy
(n = 22)

WBC count (cells/mm3) 41.9 ± 23.4
Hemoglobin concentration (g/dL) 7.4 ± 1.3
Platelets (cells/mm3) 695.7 ± 180.7
Serum SGOT (U/mL) 74.4 ± 43.4
Serum SGPT (U/mL) 70.4 ± 45.4
Serum albumin (g/dL) 4.4 ± 0.5
Serum creatinine (mg/dL) 0.61 ± 0.20
Serum ferritin (ng/mL) 2.107 ± 1.035
Serum P-selectin (pg/mL) 2.532 ± 541
Serum antithrombin III (mg/dL) 24.7 ± 6.8
Serum protein C (µg/mL) 0.9 ± 0.9
Serum fibrinogen (mg/dL) 272.7 ± 71.9

Note. Data are expressed as mean ± SD. BT = blood transfusion; SD =
nase; SGPT = serum glutamic pyruvic transaminase; WBC = white blood
a Student t test.

Table 4 Comparison of the laboratory markers between th
thalassemia patients.

b-Thalassemia major
(n = 25)

WBC count (cells/mm3) 27 ± 23.8
Hemoglobin concentration (g/dL) 7.6 ± 1.6
Platelet (cells/mm3) 538.5 ± 256.9
Serum SGOT (U/mL) 71.4 ± 43.9
Serum SGPT (U/mL) 73.1 ± 51.6
Serum albumin (g/dL) 4.52 ± 0.5
Serum creatinine (mg/dL) 0.62 ± 0.2
Serum ferritin (ng/mL) 1,588 ± 967
Serum P-selectin (pg/mL) 2,129 ± 483
Serum antithrombin III (mg/dL) 25.7 ± 7.9
Serum protein C (µg/mL) 1.7 ± 1.5
Serum fibrinogen (mg/dL) 263.6 ± 76.5

Note. Data are expressed as mean ± SD. SD = standard deviation; SGO
tamic pyruvic transaminase; WBCs = white blood cells.
a Student t test.

Please cite this article in press as: Fayed MA et al., Study of platelet ac
hypertension in children with b-thalassemia ..., Hematol Oncol Stem Cel
significantly higher levels of P-selectin, as well as lower
levels of antithrombin III and protein C in comparison to
those who were nonsplenectomized. On the contrary, there
was no statistically significant difference in serum fibrino-
gen levels between the two groups (Table 3).

NTDT patients had significantly higher serum P-selectin
levels compared with b-TM patients. Moreover, the serum
protein C level was significantly lower in NTDT patients
compared with b-TM patients. The level of serum
antithrombin III tended to be significantly lower in NTDT
patients compared with b-TM patients. However, no statis-
tically significant difference in serum fibrinogen levels was
documented in both groups (Table 4).

The MPAP in thalassemic patients was 23.0 ± 4.3 mmHg.
PH (MPAP �25 mmHg) was detected in 17 out of 36 tha-
lassemic patients (47.2%), and it was more frequent in
patients who underwent splenectomy [14 out of 22 patients
in the thalassemic patients.

No splenectomy
(n = 14)

pa

11.6 ± 13.0 <0.001
7.7 ± 2 0.58
316.5 ± 104.5 <0.001
56.1 ± 25.1 0.19
58.5 ± 48.7 0.46
4.6 ± 0.6 0.33
0.62 ± 0.20 0.85
863 ± 390 <0.001
2,030 ± 471 0.007
30.8 ± 8.1 0.02
1.6 ± 1.1 0.04
241.6 ± 78.5 0.23

standard deviation; SGOT = serum glutamic oxaloacetic transami-
cells.

e b-thalassemia major and the nontransfusion-dependent

Nontransfusion-dependent thalassemia (n = 11) pa

37.2 ± 26.5 0.26
7.3 ± 1.6 0.53
570.4 ± 215.9 0.72
57.8 ± 32.8 0.36
49 ± 26.2 0.15
4.55 ± 0.7 0.90
0.61 ± 0.2 0.88
1,704 ± 1,230 0.76
2,810 ± 453 <0.001
30.1 ± 6.8 0.09
0.4 ± 0.1 .01
253.7 ± 75.7 .72

T = serum glutamic oxaloacetic transaminase; SGPT = serum glu-

tivation, hypercoagulable state, and the association with pulmonary
l Ther (2017), http://dx.doi.org/10.1016/j.hemonc.2017.05.028
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(63.6%)] than in nonsplenectomized patients [3 out of 14
patients (21.4%)] (Fig. 1). Moreover, it was more frequent
in NTDT patients [8 out of 11 patients (72.7%)] than in b-
TM patients [9 out of 25 patients (36%)] (Fig. 2). Meanwhile,
no significant difference was found regarding the use of iron
chelating agents among patients with PH and those without
(Table 5).

The mean serum P-selectin level was significantly higher
among patients who were found to have PH (2.536 ± 656)
compared with those who did not have it (2.138 ± 477). In
addition, the mean serum PC level was significantly lower
(0.8 ± 1.1) in patients with PH in comparison to those who
did not have PH (1.6 ± 1.2; p = 0.04). Furthermore, the
mean serum fibrinogen level was significantly higher in
patients with PH (286.6 ± 82.7) than in those without
(234.6 ± 57.5) (p = 0.03). By contrast, no statistically signif-
icant differences were found in serum antithrombin III or in
other laboratory parameters between the two groups
(Table 6).

A significant positive correlation was observed between
MPAP and serum P-selectin levels (r = 0.38, p = 0.02)
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Fig. 1 Pulmonary hypertension in relation to splenectomy.

Fig. 2 Pulmonary hypertension in relation to the frequency of
blood transfusion. NTDT = nontransfusion-dependent tha-
lassemia; b-TM = beta-thalassemia major.

Please cite this article in press as: Fayed MA et al., Study of platelet ac
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(Fig. 3) and fibrinogen levels (r = 0.41, p = 0.01) (Fig. 4).
By contrast, a significant negative correlation was observed
between MPAP and serum protein C levels (r = �0.48,
p = 0.003) (Fig. 5) among our thalassemic patients.

Discussion

The current therapeutic approaches have substantially pro-
longed the life expectancy of patients with thalassemia
[12]. The consequence of this is the appearance of new
complications such as venous TE events [13]. Several etio-
logic factors may play a role in the pathogenesis of throm-
bosis in thalassemia. The specific changes in the lipid
membrane composition of the abnormal RBCs may con-
tribute to the activation of the coagulation process and
the activation of many types of blood cells, including plate-
lets, granulocytes, and monocytes. This may induce activa-
tion of the vascular endothelium, which further contributes
to the thrombotic process [14].

In addition to the TE events, hemoglobinopathies includ-
ing thalassemias have been recognized as one of the most
common causes of pH worldwide [15]. The pathophysiology
is multifactorial, characterized by chronic hemolysis, loss of
splenic function (or splenectomy), hypercoagulability, vas-
cular inflammation, liver dysfunction, hypoxemia, iron over-
load, left ventricular dysfunction, and increased cardiac
output [16,17].

We have shown that platelet activation and hypercoagu-
lable state are present among the thalassemic patients.
Serum P-selectin level (CD62P), a marker of platelet activa-
tion, was significantly elevated in thalassemic patients com-
pared to controls (p < 0.001). Our results are in agreement
with those of other investigators [14,18]. This higher level
of serum P-selectin (CD62P) among thalassemic patients
may be attributed to platelet activation caused by
increased platelet aggregation and the abnormalities in pla-
telet morphology [14]. In addition, the iron-dependent oxi-
dation of membrane proteins and formation of red cell
‘‘senescence” antigens such as phosphatidylserine render
the thalassemic RBCs to become rigid and deformed, and
aggregate together, resulting in the activation of the plate-
let and coagulation system [19]. Furthermore, the enhanced
thrombin generation activates platelets, monocytes, granu-
locytes, and endothelial cells, which further enhance the
prothrombotic process [20].

We also demonstrated that the levels of protein C in tha-
lassemic patients were significantly lower than those in the
control group regardless of age. Similar findings were
reported previously [18,21]. The possible explanations for
this finding include vitamin K deficiency, liver dysfunction
due to hemosiderosis, and increased turnover rate of pro-
tein C [22]. We have not found any correlation between
serum protein C level in thalassemic patients and the level
of serum transaminases or albumin, thus eliminating the
role of hepatic dysfunction as a cause of these alterations,
in agreement with the results of Hassan et al. [21]. Other
alternative explanations for the significant reduction in pro-
tein C may be attributed to the fact that this type of protein
binds to phosphatidylserine or other negatively charged
phospholipids that are abnormally present in the external
membrane of the thalassemic erythrocytes [23], or because
tivation, hypercoagulable state, and the association with pulmonary
l Ther (2017), http://dx.doi.org/10.1016/j.hemonc.2017.05.028
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Table 5 Association of Pulmonary Hypertension With Splenectomy, Thalassemia Variant, and the Use of Iron Chelating Agents in
36 Thalassemic Patients.

Pulmonary
hypertension

No pulmonary
hypertension

pa

n % n %

Splenectomy
Present 14 82.4 8 42.1 0.01
Absent 3 17.6 11 57.9

Thalassemia variant
b-Thalassemia major 9 53 16 84.2 0.04
Nontransfusion-dependent thalassemia 8 47 3 15.8

Iron chelating agents
Present 14 82.4 16 84.2 0.88
Absent 3 17.6 3 15.8

Note. Data are expressed as n (%).
a Chi-square test.

Table 6 Laboratory Parameters in Patients With and Without Pulmonary Hypertension.

Pulmonary
hypertension
n [17]

No pulmonary
hypertension
n [19]

pa

WBC count (cells/mm3) 29.7 ± 24.6 30.5 ± 25.7 0.92
Hemoglobin concentration (g/dL) 7.2 ± 1.6 7.9 ± 1.6 0.17
Platelet (cells/mm3) 544 ± 253.4 552.4 ± 238.4 0.91
Serum SGOT (U/mL) 75.8 ± 43.5 58.8 ± 37.4 0.21
Serum SGPT (U/mL) 66.1 ± 45.3 65.4 ± 48.7 0.96
Serum albumin (g/dL) 4.4 ± 0.4 4.6 ± 0.6 0.38
Serum creatinine (mg/dL) 0.6 ± 0.2 0.62 ± 0.2 0.82
Serum ferritin (ng/mL) 1.819 ± 1.133 1.428 ± 924 0.26
Serum P-selectin (pg/mL) 2.536 ± 656 2.138 ± 477 0.04
Serum antithrombin III (mg/dL) 27 ± 7.3 27.6 ± 7.9 0.82
Serum protein C (µg/mL) 0.8 ± 1.1 1.6 ± 1.2 0.04
Serum fibrinogen (mg/dL) 286.6 ± 82.7 234.6 ± 57.5 0.03

Note. Data are expressed as mean ± SD. SD = standard deviation; SGOT = serum glutamic oxaloacetic transaminase; SGPT = serum glu-
tamic pyruvic transaminase; WBCs = white blood cells.
a Student t test.

Fig. 3 Correlation between serum P-selectin level and mean
pulmonary artery pressure (MPAP).

Fig. 4 Correlation between serum fibrinogen level and mean
pulmonary artery pressure (MPAP).
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of inherited protein C deficiency; however, it is very unli-
kely because even the prevalence of more common congen-
ital thrombophilic mutations such as factor-V Leiden,
methylene tetrahydrofolate reductase (MTHFR) C677T,
and prothrombin G20210A mutations are not increased in
thalassemic patients [6]. Moreover, a study of 25 Israeli
b-TM patients (18 adults, 7 children) found no increased
prevalence of congenital thrombophilic mutations, includ-
ing the factor-V Leiden, MTHFR C677T, and prothrombin
G20210A mutations. A role of ethnic or racial origin can
be expected as the proportion of patients having these defi-
ciencies is different in different populations [6].

The level of serum antithrombin III was statistically lower
in our thalassemic patients in comparison with the control
group regardless of age. This is in accordance with many
studies [24,25]. This can be explained by increased con-
sumption following chronic activation of the coagulation
system. We have found no correlation between serum
antithrombin III and serum transaminases or albumin, elim-
inating hepatic dysfunction as a cause of these alterations.
This is supported by previous studies [21,26] that showed
significant elevation of thrombin–antithrombin III complex
levels in thalassemic patients.

Our thalassemic patients who were splenectomized had
significantly higher platelet count in comparison to non-
splenectomized patients. This is because the spleen is the
main organ for platelet sequestration. Moreover, the WBC
count was significantly higher in splenectomized patients.
This result is consistent with findings seen in postsplenec-
tomy patients; however, it could be attributable to mis-
counting of many nucleated RBCs or the result of the
hemolytic process. The serum ferritin level was higher
among splenectomized patients (with a mean of 2.107
± 1.035 ng/mL) in comparison to nonsplenectomized
patients (863 ± 390 ng/mL). This was in agreement with
other studies [27], suggesting that splenectomy does not
alleviate the iron burden in patients with thalassemia. Our
results showed significant elevation of serum P-selectin
(CD62P) level in patients with splenectomy compared with
those without splenectomy. This result is in agreement with
many studies [14,18] and could be attributed to the pres-
ence of high platelet counts and/or an increased number
399
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of abnormal RBCs, resulting in the activation of the coagu-
lation system. Similarly, the reduction in serum protein C
levels was significantly greater in splenectomized patients
compared with nonsplenectomized ones. The same finding
was documented in many studies [24,28]. This finding might
be attributable to procoagulants on the surface of RBCs and
abnormal platelets that are not removed from circulation in
the case of splenectomy with the resultant consumption of
protein C in an attempt to control the hypercoagulable state
[19]. Furthermore, we have found that serum antithrombin
III was significantly lower in patients who are splenec-
tomized in comparison to those who are nonsplenec-
tomized. This was in agreement with Cappellini et al.
[25]. On the contrary, Rosnah et al. [29] found no significant
difference in the levels of antithrombin III between tha-
lassemia patients and controls. The greater reduction in
antithrombin III could be explained by the abnormal RBCs
and erythroid precursors present in the blood of splenec-
tomized patients as a consequence of a high degree of inef-
fective erythropoiesis, which would act as activated
platelets and enhance the conversion of prothrombin to
thrombin in the final stage of blood coagulation. It is plausi-
ble that this phenomenon is more marked in splenectomized
than in nonsplenectomized patients because loss of the
spleen hemostatic function would cause an increased num-
ber of damaged RBCs [25].

We also studied the impact of the frequency of BT on pla-
telet activation and hypercoagulable state in our patients.
We found that P-selectin levels were significantly higher in
NTDT patients in comparison to b-TM patients. This is in
agreement with other studies [30], and could be explained
by the enhanced cohesiveness and agreeability of the tha-
lassemic RBCs. Chen et al. [30] confirmed this finding in
an in vitro study, where they found a reduction in aggrega-
tion with the addition of normal RBCs to b-thalassemic
RBCs. In addition, serum protein C levels were significantly
lower among NTDT patients when compared to b-TM
patients. Similar findings were reported previously [6,8]. It
is plausibly accepted to see lower protein C levels in tha-
lassemic patients who are not on a transfusion program
because most of their RBCs are of thalassemic nature, cap-
able of adsorbing protein C compared to those frequently
transfused patients whose blood contains less of tha-
lassemic RBCs and more of normal RBCs [21]. Furthermore,
in our study the level of the serum antithrombin III was
lower in NTDT patients in comparison to b-TM patients. A
case study focusing on a splenectomized HgE/b thalassemia
woman showed normalization of the thrombin–antithrom-
bin III complex level after chronic transfusion of packed
RBCs in addition to other ongoing treatments with warfarin,
acetyl salicylic acid, desferrioxamine, and other supportive
measures. This is because frequent transfusion will reduce
the circulating abnormal thalassemic RBCs and therefore
reduce the effect of procoagulant activity of the abnormal
RBCs [31].

PH has been defined as an increase in MPAP �25 mmHg at
rest as assessed by right heart catheterization [15]. This
value has been used for selecting patients in all randomized
controlled trials and registries of pH. In their study, Er et al.
[32] concluded that MPAP has been found to be highly accu-
rate for the initial diagnosis of pH. They chose a cutoff value
of 25.5 mmHg, which might be helpful to avoid unnecessary
tivation, hypercoagulable state, and the association with pulmonary
l Ther (2017), http://dx.doi.org/10.1016/j.hemonc.2017.05.028
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RHC. To our knowledge, this is the first study to rely on
echocardiographic assessment of MPAP as a measurable
variable in the assessment of pH in thalassemic patients.
Using the cutoff point of MPAP 25 mmHg, the prevalence
of pH in our study was 17 out of 36 thalassemic patients
(47.2%). Several studies reported a similar prevalence of
pH in thalassemic patients [33,34]. By contrast, a higher
prevalence (79%) was reported in children by Du et al.
[35]. The difference between studies could be attributed
to the different characteristics of the studied populations
and treatment modalities they were receiving, in addition
to discrepancies in the methods used to define the PH.

Moreover, we have shown that both platelet activation
and hypercoagulability were strongly associated with the
development of pH in our thalassemic patients. Thalassemic
patients with PH had a significantly higher serum P-selectin
level than those who did not have PH. Our results were in
accordance with those of Singer et al. [18]. This could be
explained by the effect of the activated platelets on the
vascular endothelial disruption and increased levels of vas-
cular adhesion molecules and vasoactive substances in PH
[35,36]. Moreover, in our study, we found a significant pos-
itive correlation between serum P-selectin level and MPAP
among thalassemic patients. By contrast, Singer et al. [18]
did not find a significant correlation between TRV and serum
P-selectin among their thalassemic patients. To our knowl-
edge, this is the first study to document such significant cor-
relation in thalassemic children. Our result strengthens the
role of platelet activation in the resultant pulmonary arteri-
opathy: the underlying cause of pH. We have shown that
serum protein C was significantly lower among PH patients.
Furthermore, there was a significant negative correlation
between serum protein C level and MPAP. To our knowl-
edge, this is the first study to document such a correlation.
By contrast, Singer et al. [18] and Hassan et al. [21] docu-
mented a low serum protein C level among their PH tha-
lassemic patients but did not document a statistically
significant correlation between serum protein C level and
PH. Serum fibrinogen was significantly higher in patients
with PH in our study than in those without PH. Moreover,
there was a significant positive correlation between serum
fibrinogen and MPAP. This has not been previously docu-
mented in previous studies. The high fibrinogen level could
be attributable to: (1) being a marker indicating a procoag-
ulant condition; (2) fibrinogen may be elevated in response
to inflammatory activity in PH, which could be initiated by a
systemic or localized inflammation within the pulmonary
vascular bed; and (3) fibrinogen per se may be a central
mediator of inflammation leading to vascular remodeling
in PH. These issues need to be further revaluated in a larger
study. However, Hennigs et al. [38] documented that the
serum fibrinogen level represents an important factor in
chronic TE PH pathophysiology and may have the potential
to guide clinical diagnosis and therapy.

In our study, the incidence of pH was significantly higher
among those who were splenectomized (63.6%) in compar-
ison to those who were not nonsplenectomized (21.4%). This
is in agreement with previous studies [18,33]. This result
can be explained by the higher plasma levels of free hemo-
globin and microparticle fragments of cells that might con-
tribute to PH and thromboembolism in patients with
thalassemia who have undergone splenectomy. Moreover,
Please cite this article in press as: Fayed MA et al., Study of platelet ac
hypertension in children with b-thalassemia ..., Hematol Oncol Stem Cel
thrombocytosis and platelet hyperaggregation in tha-
lassemic patients have been noted, particularly after
splenectomy [39]. We have shown that the prevalence of
pH was higher among NTDT patients in comparison to b-
TM patients. This was in agreement with Hassan et al.
[21], who documented a higher percentage of pH among
the infrequently transfused thalassemic patients. Further-
more, in their study Meloni et al. [40] found that only one
out of 60 well-transfused TM patients had PH. This could
be explained by the idea that regular transfusion therapy
modifies PH risk by preventing chronic tissue hypoxia,
reducing chronic hemolysis and its negative effects on nitric
oxide availability, and lowering circulating proinflammatory
hormones such as placenta growth factor [41]. In addition,
the evident platelet activation and hypercoagulable state
that tend to occur more frequently in NTDT patients in com-
parison to those who are frequently transfused, could
explain the state of pulmonary arteriopathy: the underlying
mechanism of pH. In contrast, Hagar et al. [42] reported
that 57% of their hypertransfused thalassemic patients had
a TRV greater than 2.5 m/s and concluded that chronic
transfusions were not protective against PH. Similarly, a
multicenter study from the Thalassemia Clinical Research
Network reported TRV >2.5 m/s in one-third of chronically
transfused patients and TRV >3 m/s in 8/148 patients [43].

Conclusion

A chronic hypercoagulable state and platelet activation are
present in children with b-thalassemia. Splenectomy and
transfusion infrequency are the main risk factors noted to
be associated with hypercoagulable state and platelet acti-
vation and consequently the PH among our thalassemic
patients.
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