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Abstract

Background: Thromboembolic events (TEEs) are recently described
complications in thalassemia patients. Many mechanisms were pos-
tulated for thrombosis. Conflicting results of natural anticoagulants
values were reported in previous studies. Our aim was to investigate
protein C and anti-thrombin-III (AT-III) levels in thalassemics and to
detect risk factors for their decrement.

Methods: A cross-sectional study for 60 beta-thalassemia patients
(35 major and 25 intermedia) and 35 healthy children were tested for
protein C and AT-III levels, liver function tests and Sr. ferritin.

Results: A significant reduction in protein C and AT-III levels was
noticed in patient group compared to healthy children (82.50% (32
- 175) vs. 104% (60 - 204), P=0.041 and 237.52 + 53.19 mg/L vs.
322.99 +£56.57 mg/L, P value < 0.001, respectively). Protein C was
lower among older patients (> 10 years) than younger patients (<
10 years), and splenectomized category than non-splenectomized
one (P = 0.02 and 0.011, respectively). AT-1II was significantly
lower among splenectomized patients as compared to those who
did not undergo splenectomy (P = 0.04). Significant correlations
were found between protein C and AT-1II with older age and liver
functions.

Conclusions: Protein C and AT-IIT were significantly lower among
thalassemics with the main risk factors for their deficiencies being:
splenectomy and increasing age. This allows establishment of early
prophylactic policy against TEE for the vulnerable group.
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Introduction

A dramatic improvement has been noticed in the management
of thalassemia patients over the last 10 - 20 years with resulting
increase in their life expectancy [1]. This is thanks to advances
in methods of both evaluation and treatment of iron overload
with the availability of different iron chelation therapies [1],
yet more complications have emerged [2].

Thromboembolic events (TEEs) secondary to hyperco-
agulable state are relatively more recent complications being
identified among beta-thalassemia patients [3].

Many mechanisms were postulated to be behind TEE in
thalassemics such as: splenectomy, low hemoglobin levels, in-
creasing age, presence of comorbidities as cardiac, hepatic, or
endocrinal dysfunctions [4], transfusion naivety [3], low levels
of anticoagulants (e.g. protein C and protein S), increased pro-
duction of thrombin, platelet activation and enhanced aggrega-
tion stimulated by thalassemic RBCs [5, 6].

Values of naturally occurring anticoagulants in beta-
thalassemia patients are suggested to be low with increased
risk of TEE [5-8]. Nevertheless, such issue is still debatable
among researchers [9, 10]. While some found low levels of
natural anticoagulants [7, 8], others found normal values [9,
10]. In this study, we investigated the level of anti-thrombin-III
(AT-III) and protein C among a group of beta-thalassemia chil-
dren and correlated to different clinical and laboratory features
in order to help hematologists to establish of a prophylactic
policy for each patient according to his risk.

Materials and Methods

Study population

This study was a case-control study carried out in Mansoura
Universtiy Children’s Hospital, Mansoura, Egypt. Sixty beta-
thalassemia patients including 35 thalassemia major (TM) and
25 thalassemia intermedia (TT) (28 males and 32 females) with
an age range from 2.5 to 17 years from Pediatric Hematology
Outpatient Clinic were enrolled in this study. The diagnosis
of beta-thalassemia was based upon the results of hemoglobin
electrophoresis and the clinical course of the disease. TI was
distinguished from TM when the diagnosis was made after the
age of 2 years old and transfusion frequency was less than 12
per year, or if the patients maintained hemoglobin of 7 g/dL
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Table 1. Clinical and Laboratory Characteristics of Thalas-
semia Patients Group

Data Patients (N = 60), no. (%)
Age

Median (min. - max.) 9.12 (2.50 - 17.00)

<10 years 43 (71.7%)

> 10 years 17 (28.3%)
Sex

Male 28 (46.7%)

Female 32 (53.3%)

Type of B-thalassemia
B-thalassemia major 35 (58.3%)

B-thalassemia intermedia 25 (41.7%)

Splenectomy
Yes 30 (50%)
No 30 (50%)
Albumin, g/dL 4.5+0.41
INR 1.24+0.22
Sr. creatinine, mg/dL 0.51+0.15

Sr. ferritin, ng/mL 992 (134 -9,267)
No. of patient, ferritin < 1,000 ng/mL 32

No. of patient, ferritin> 1,000 ng/mL 28

Protein C, % 82.50 (32 - 175)
Anti-thrombin III, mg/L 237.52 +53.19

Data are expressed as mean = SD, median (min. - max). INR: interna-
tional normalized ratio.

without transfusion. Two groups of patients were included in
this study: splenectomized and non-splenectomized groups
and they were selected sequentially in the order of 1:1. Also
35 age- and sex-matched healthy children were involved for
comparison. The study did not include patients with other
forms of chronic hemolytic anemias (e.g. sickle thalassemia)
or those suffering from severe hepatic or cardiac dysfunctions.
Also patients with history of familial thrombophilia or use of
anticoagulant therapy were excluded.

Informed consents/ascents were obtained from patients
and/or their guardians before initiating the study in accordance
with Declaration of Helsinki. The study protocol was approved
before conducting the study by Institutional Review Board of
Faculty of Medicine, Mansoura University.

The patients were evaluated clinically for: duration of the
disease, age at diagnosis, frequency of blood transfusion, date of
the last transfusion, anti-platelet drug intake, history of splenec-
tomy, any symptoms suggestive of TEE, and family history of
TEE. Also patients were examined for features of decompensat-
ed hepatic or cardiac diseases or signs suggestive for thrombosis.

Laboratory investigations were done for the following
tests: CBC, hemoglobin electrophoresis, liver function tests,
serum creatinine, virology screening, serum ferritin, prothrom-
bin time and international normalized ratio (INR).
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Protein C measurement

It was measured by REAADS® protein C antigen test kit read
by Stat Fax. It was expressed as relative % in comparison to
pooled normal plasma. The normal values were 72-160%.

AT-III measurement

Spinreact kits read by Stat Fax were used for its measurement.
The normal values were between 200 and 400 mg/L.

Statistical analysis

Data were analyzed using SPSS version 21 (Statistical Package
for the Social Sciences, SPSS Inc., Chicago, IL, USA). Con-
tinuous variables were presented as mean + standard deviation
(SD) for quantitative parametric data and median (minimum
and maximum) for quantitative non-parametric data. Com-
parison was made between two independent mean groups for
parametric data using Student’s ¢-test. Comparison was made
between two independent groups for non-parametric data us-
ing Mann-Whitney test. Ranked Spearman correlation test was
used to study the possible association between variables for
non-parametric data. Pearson correlation was used for correla-
tion between continuous parametric data. Chi-square test was
used to study the association between each two variables or
comparison between two independent groups as regards the
categorized data. Results were considered significant when the
probability of error is less than 5% (P < 0.05).

Results

Clinical and laboratory characteristics of the patient group
were shown in Table 1. Splenomegaly were found in 23 (76%)
of non-splenectomized patients; 31.6% (19/60) thalassemia
patients were HCV infected, and 12/30 (40%) patients were
maintained on low dose aspirin as post splenectomy antiplate-
let medication. None of the patients experienced clinically
manifested thrombosis.

A significant reduction in protein C and AT-III levels was
noticed in patient group when compared to those of healthy
children (Figures 1 and 2) (82.50% (32 - 175) vs. 104% (60 -
204), P =0.041 and 237.52 + 53.19 mg/L vs. 322.99 + 56.57
mg/L, P <0.001, respectively). Protein C deficiency was ob-
served in 13/60 patients (21.7%) vs. 2/35 controls (Fig. 3). AT-
[T was low in 12/60 patients (20%), while none of the controls
had low AT-1II value (Fig. 4) (Table 2).

Levels of protein C and AT-III were compared to different
patients’ clinical and laboratory criteria (Table 3). A significant
reduction was found in protein C level among older patients
(> 10 years old) and splenectomized category (P = 0.02 and
0.011, respectively). For AT-III, significant differences were
noticed among splenectomized patients (P = 0.04).

Positive correlations between both protein C and AT-III
with Sr. albumin were found. However, statistically signifi-
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Figure 1. Normal and below normal protein C levels in patients and
control group.

cant negative correlations between protein C and patients’ age,
ALT, Sr. direct bilirubin, and INR were detected. AT-III was
negatively correlated with patients’ age, ALT, AST, Sr. direct
bilirubin, and INR (Table 4).

Discussion

Hypercoagulable state and consequently TEE are relatively
more recent complications among beta-thalassemia patients
which may result in significant morbidity and mortality [3].
Such problem is not only limited to TI patients but activation
of several hemostatic mechanisms have been also described in
TM individuals [11]. Different risk factors were suggested to
be beyond TEE in thalassemia albeit splenectomy and transfu-

sion naivety are the most highlighted leading causes [12, 13].

In this study, we compared natural anticoagulants levels
(protein C and AT-11I) in B-thalassemia patients to their healthy
peers. In our study, only 13% and 12% of the patients reported
below normal protein C and AT-III levels, respectively com-
pared to healthy children. Previous studies reported similar
results [11, 14-16], but with variable percentages of affected
individuals as Abosdera et al [14] reported 56% of thalassemia
patients had low protein C and 54% with lower AT-III than
normal.

Many mechanisms were speculated to be behind low levels
of naturally occurring anticoagulants in thalassemia patients.
As protein C and AT-III are synthesized in the liver, they are
very sensitive to any synthetic function defect which is com-
mon among those patients because of many offending factors
such as: hemosiderosis and viral hepatitis [10, 11, 17-19]. This
was supported by the significant correlations between levels
of anticoagulants and synthetic function of the liver (albumin
and INR values). Researchers think that liver impairment is
not the only explanation behind their deficiency [20]. Another
reason for this is their entrapment on RBCs membrane by neg-
atively charged phospholipids particularly phosphatidylserine
which are abnormally found in the external membrane of the
thalassemic RBCs [21]. Furthermore, some authors assumed
increased anticoagulant consumption in thalassemia as a re-
sult of chronic subclinical activation of coagulation system
evidenced by higher thrombin-antithrombin (TAT) complexes
level detected among TM patients compared to normal [10,
22].

Protein C and AT-III were compared to various patients’
features in an attempt to identify who are at greater risk for
developing hypercoagulable state. Both protein C and AT-
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Figure 2. Median levels of protein C in both patients and control.
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Figure 3. Mean values of AT-IIl in both patients and control group.
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Figure 4. Normal and below normal values of both patients and control groups.

Table 2. Protein C and AT-Ill in Both Patients and Healthy Groups

Natural anticoagulant Patients (N = 60) Healthy children (N = 35) P value

Protein C
N (72-160%) 82.50 (32 - 175) 104 (60 - 204) 0.041*
Low (£ 72%) 13 (21.7%) 2 (5.7%) 0.04*
Normal (> 72%) 47 (78.3%) 33 (94.3%)

AT-1IT
N (200 - 400 mg/L) 237.52 +53.19 322.99 + 56.57 <0.001*
Low (<200 mg/L) 12 (20.0%) 0 (0%) 0.005*
Normal (> 200 mg/L) 48 (80.0%) 35 (100%)

Data are expressed as mean + SD, median (min. - max.) or number and %. *Means statistically significant. AT-IIl: anti-thrombin III.
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Table 3. Protein C and AT-Ill in Comparison to Other Clinical Laboratory Criteria

Criteria No. of patients Protein C, % P value AT-III, mg/L P value

Sex 0.41 0.15
Male 28 86.5 (32 - 175) 226.84 +58.92
Female 32 82 (36 - 132) 246.24 + 46.24

Age 0.02* 0.64
<10 years 31 95(32 - 175) 240.28 £ 46.48
> 10 years 29 75 (50 - 133) 233.88 +59.82

Thalassemia subtype 0.59 0.21
B-thalassemia major 35 81 (32-167) 229.97+51.21
B-thalassemia intermedia 25 83 (36 - 175) 247.30 + 54.80

Splenectomy 0.011%* 0.04*
Yes 30 75 (32-131) 223.53 £61.09
No 30 97.5 (36 - 175) 250.84 +39.93

Ferritin (ng/mL) 0.78 0.56
< 1,000 32 90.5 (32 - 175) 240.95 £47.32
>1,000 28 77 (36 - 165) 232.89 +59.39

*P value is significant. Data are expressed as median (min. - max.) and mean + SD.

III were significantly lower among splenectomized category
when compared to non-splenectomized one.

The explanation for that may be the presence of procoagu-
lants on the surface of RBCs and abnormal platelets which are
no longer removed from the circulation after splenectomy with
the resultant increase in protein C consumption to control the
hypercoagulable state [23, 24]. Previous publications did not
reach a uniform agreement regarding this point. While some
researchers found similar results to ours [22, 25], others found
comparable levels when compared to normal individuals [8].

The reduction in protein C level was more pronounced
among older patients. Musumeci et al [26] found similar find-
ing as the lowest protein C values were observed among older

Table 4. Correlation Between Protein C, AT-lIl and Different
Clinical and Laboratory Characteristics of the Patients Group

Laboratory criteria Protein C AT
P r P

Agelyears -0.352  0.006*  -0.274 0.034*
Duration/years -0.399  0.002*  -0.376 0.003*
SGOT, U/L -0.164  0.211 -0.429 0.001*
SGPT, U/L -0.264  0.041*  -0.385 0.002*
Albumin, g/dL 0.278  0.032*  0.355 0.005*
STB, mg/dL -0.275  0.033*  -0.221 0.089
SDB, mg/dL -0.239  0.066 -0.313 0.015*
INR -0.272  0.036*  -0.420 0.001*
Ferritin, ng/mL -0.168  0.801 -0.141 0.281

Pearson correlation was used to correlate parametric data, while
Spearman correlation was used to correlate non-parametric data. *P
value is significant.
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splenectomized patients. Although we did not find the same
result with AT-III, it was negatively correlated with age. Taher
et al [27] examined the data of 8,860 thalassemia patients from
the Mediterranean area and Iran and found the old age (above
20 years) was one of the major risk factors for the development
of TEE. This also may explain why none of our patients has
experienced clinically overt TEE as the age of the study group
is still younger than the risky age for TEE development. More-
over, Taher et al [28] studied how long it took for a thrombosis
to develop after splenectomy and the median time to thrombo-
sis was 8 years suggesting that TEE is not an acute complica-
tion for splenectomys; it is more likely to be a manifestation of
a chronic underlying process.

No significant differences could be noticed between males
and females regarding anticoagulants levels denoting that both
sexes are at equal risk for TEE development. Apart from Kara-
mi et al [25] reporting lower levels among males, other studies
did not find significant sex differences [27]. Although TEEs
were reported much more in TI than TM patients [2, 27], we
could not find a significant difference in anticoagulants levels
between both groups. Perhaps this is owing to the presence of
many contributing factors for the development of TEE in TI
other than deficiency of natural anticoagulant levels. Further-
more, sometimes there is an overlap in clinical presentations
between both TM and TI making the distinction from each
other difficult. Although prophylactic anticoagulants are indi-
cated for TI patients exposed to thrombotic risk factors [28],
they are recommended only for TM patients when thrombo-
embolic complications occur. Further studies are warranted to
determine whether lifelong use of prophylactic anticoagulants
is needed to prevent subclinical thrombosis in the lungs and
brain or not [6]. More clinical laboratory data about patients
who are at risk of hypercoagulability help in establishing a
prophylactic plan against thrombosis for each patient accord-
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ing to his risk.
Conclusion

Naturally occurring anticoagulants (protein C and AT-11I) were
significantly lower among thalassemia children especially
among splenectomized and older aged patients. This may sug-
gest the need for further evaluation or even early prophylactic
policy against TEE in these patients.
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