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ABSTRACT

Heart disease is the leading cause of mortality and one of the main causes
of morbidity in B-thalassemia. The clinical spectrum of the thalassemia syn-
drome ranges from the severe, transfusion-dependent thalassemia major and
the asymptomatic carrier state. Thalassemia intermedia represents a milder
form and is usually transfusion-independent. Two main factors determine car-
diac disease in this form. One is the high output state that results from chron-
ic tissue hypoxia and from hypoxia-induced compensatory reactions. The
other is the vascular involvement that leads to an increased pulmonary vas-
cular resistance and an increased systemic vascular stiffness. Valvular abnor-
malities and iron overload also contribute to a less extent. As a result, both
right and left ventricles have to maintain a high cardiac output level through
a stiff vascular bed. Right heart involvement with age-related pulmonary hyper-
tension followed by congestive heart failure dominates the clinical picture.
Although the left heart is also affected, systolic left ventricular function is usu-
ally preserved but this may also be decompensated under conditions charac-
terized by excessive cardiac work load.
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halassemia intermedia (TI) is an

| inherited hemoglobin disorder char-
acterized by a significant genetic

and clinical heterogeneity.'" It represents
up to one fourth of B-thalassemia patients.
The remainder are made up of the more
prevalent and severe form, thalassemia
major (TM).2 A wide spectrum of different
genotypes — homozygous, heterozygous
and compound heterozygous — have been
thought to be responsible for TI. The clin-
ical phenotype ranges between the severe,
transfusion-dependent TM and the asymp-
tomatic carrier state."” Patients with TM
have severe anemia. This starts during the
first year of life and requires life-long
transfusion therapy. Patients with TT usu-
ally have a later clinical onset with a
milder anemia. At least during the first few
years of life transfusions are not required.’
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If they remain untreated, the clinical
course of both forms of thalassemia is
complicated by the multiple effects of
chronic hemolytic anemia and resultant
tissue-hypoxia as well as by their compen-
satory reactions. These include increased
erythropoiesis with bone marrow expan-
sion and increased intestinal iron absorp-
tion.” Nowadays, these manifestations are
completely or partially inhibited in TM
patients due to the early application of reg-
ular  transfusion-chelation  therapy.
However, they are still present in TI
patients.

Cardiovascular involvement represents a
well-known complication and the primary
cause of mortality both in TM and in TL.*
Nowadays, in TM, iron overload consti-
tutes the main cause of heart disease.*
Cardiovascular involvement in TI, howev-



er, is quite different. Patients live longer and are usual-
ly transfusion-independent, at least for the first
decades of their life. Hemoglobin levels are therefore
lower and, compared to TM, a lower iron load is also
maintained.” Several factors have been reported to
interfere in the pathophysiology of cardiovascular
abnormalities in TI. These affect left and right heart,
therefore leading to ventricular remodelling and, final-
ly, heart failure.*

Pathogenetic mechanisms

The relatively mild clinical course of TI, the reluc-
tance of patients, and the restrictive experience on
transfusion and chelation therapy in TM patients gave
rise to the concept that TI patients should not be trans-
fused. In fact, before 1975, TI patients were rarely
transfused. After this, some patients received blood
transfusions on a palliative basis. As a result, in a 1995
study of 165 TI patients, 47.5% had never been trans-
fused, while 25.5% had been transfused only occasion-
ally and 27% had become transfusion-dependent dur-
ing adulthood.® Modern medical trends adopt an earlier
application of transfusion-chelation therapy in TI
However, therapeutic strategies are still primarily
based on patients’ symptoms and the incidence of com-
plications, such as bulky extramedullary hemopoiesis,
splenomegaly, cardiomegaly and bone deformities. The
significant fall in hemoglobin levels is also an important
factor? Given that patients become transfusion-
dependent during adulthood, the transfusion target in
Tl is usually to keep a reasonable hemoglobin level and
not, as in TM patients, to suppress native erythro-
poiesis. As a result, most literature on TI refers to non-
transfused or only occasionally transfused patients
while other studies refer to patients who have been
started on regular transfusions for palliation late in life.

In this context, TI patients are exposed to prolonged
tissue hypoxia. This is followed by the development
of bone marrow expansion, increasingly ineffective
erythropoiesis, and increased intestinal iron absorp-
tion. These are also present in poorly treated TM
patients as well as in the other hemoglobinopathies.
Consequently, these same mechanisms affect the car-
diovascular system in all hemoglobinopatic patients in
many ways and with different degrees of severity.
Nowadays, TI patients are particularly affected. As a
result, some evidence derived from different hemoglo-
binopathies other than TI is relevant. This is used here
to support the description of cardiovascular involve-
ment in TL

High cardiac output state

A constant finding in T1 is the high output state. This
represents one of the basic pathophysiological mecha-
nisms of cardiovascular involvement in these
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patients.**’® More specifically, echocardiographic
measurements revealed an almost two-fold increase in
cardiac output levels compared to normal subjects
(Table 1).* Indications for the presence of a high output
state were also provided by a cardiac magnetic reso-
nance imaging (CMR) study in TI patients.’

Chronic hemolytic anemia, resulting from ineffec-
tive erythropoiesis, is the hallmark of all thalassemia
syndromes.' Chronic anemia, however, is not always
severe in TI. Hemoglobin levels usually range between
7 and 11 g/dL and is apparently not the only cause of
a high output state in these patients. In normal sub-
jects, resting cardiac output is kept within normal lim-
its when hemoglobin levels range between 8-10 g/dL."
Besides the overall hemoglobin level, the proportions
of the different hemoglobin types, especially the high
percentage of fetal hemoglobin (HbF), are also impor-
tant. More specifically, HbF reduces tissue oxygen
delivery due to its increased oxygen affinity." Figure 1
depicts a typical TI case with a high cardiac index level
(6.1 L/min/m*). Although the patient’s hemoglobin
concentration was close to normal (11 g/dL), 95% of it
was HbE

Thus, both chronic anemia and increased HbF per-
centage result in prolonged tissue hypoxia. This leads
to a compensatory bone marrow expansion with
extramedullary hemopoiesis, splenomegaly and
hepatomegaly, all of which also contribute to the high
output state through peripheral vasodilatation and
shunt development.*'*" Vessels in TI are also more
susceptible to pulse pressure-driven dilatation due to a
co-existent elastic tissue injury. This is discussed in
detail below. The contribution of peripheral vasodi-
latation and intramedullary shunting seems to play an
important role in the high output state. Indeed, it has
been shown that the abolishment of splenic shunt and
the increase in hemoglobin levels following splenecto-
my are not sufficient to counteract the pre-existent
high cardiac output levels in TI patients.™"

Iron overload

Chronic iron overload is currently considered to be
the primary cause of mortality in B-thalassemia, main-
ly due to the induction of left-sided cardiac failure.®
Iron overload results from a number of mechanisms
associated with the disease itself. These mainly
include ineffective erythropoiesis, as well as peripher-
al hemolysis, and increased intestinal iron absorption.
The main cause is repetitive blood transfusions, also
used in a number of TI patients." Therefore, although
iron overload is mainly a problem for transfusion-
dependent TM patients, it also involves to a lesser
extent TI cases.

In the case of increased intestinal iron absorption,
the recently identified hepatic peptide hepcidin seems
to influence iron load in thalassemia patients. This
peptide interferes in iron homeostasis by inhibiting
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Figure 1. A. Simultaneous two-dimensional (left panel) and M-
mode (right panel) echocardiogram in a 39-year-old thalassemia
intermedia patient in high output state (cardiac index 6.1
L/min/m?), with a hemoglobin level of 11 g/dL and a 95% of
hemoglobin F. Left ventricular dilatation with normal contractili-
ty (left ventricular end-diastolic diameter=62 mm, left ventricu-
lar end-systolic diameter=37 mm, fractional shortening=
40.3%). B. Corresponding two-dimensional and M-mode echo-
cardiographic frames in a normal subject, matched for age and
body constitution.

iron absorption from duodenal enterocytes and iron
release from hepatocytes and macrophages that recy-
cle iron from senescent erythrocytes.™® Anemia and
the resulting tissue hypoxia lead to the reduction of
hepcidin levels, which in turn leads to iron hyperab-
sorption and maldistribution.”™® Thus, urinary hep-
cidin was found to be suppressed in TM and TI
patients.” Sera from these patients decreased hepcidin
expression in human hepatoma cell cultures, to an
unexpectedly higher degree in TM.™ In a recent study,
hepcidin mRNA levels from the liver of TM patients
were inversely correlated to serum levels of erythro-
poietin and trasferrin receptor, indicating that the
down-regulation of hepcidin is proportional to the
increase of erythropoietic activity."”

The heart, along with liver and endocrine glands, is
one of the main organs where iron deposition causes
severe complications.” Iron overload interferes in the
cardiomyocyte capacity to catalyze the formation of
deleterious oxygen free radicals.” Serum ferritin con-
centration is the most widely used marker of iron load,

| 660 | haematologica/the hematology journal | 2007; 92(05)

Table 1. Data of patients and controls.

Patients Controls p

(n=110) (n=76)
Right ventricular diameter (mm) 234 19+3 <0.001
Left atrial diameter (mm) 42+6 33£3 <0.001
Left ventricular end-diastolic 5545 48+2 <0.001
diameter (mm)
Left ventricular end-systolic 32+4 27+2 <0.001
diameter (mm)
Interventricular septum 9.7+1.0 8.6+0.9 <0.001
thickness (mm)
Posterior wall thickness (mm) 9.6+1.0 8.5+0.8 <0.001
Left ventricular mass index (g/m?) 12630 8610 <0.001
Shortening fraction (%) 4315 44+3 NS
Ejection fraction (%) 736 75£3 <0.05
Cardiac index (I/min/m?) 5.45+1.33  3.82+0.80 <0.001
Peak early transmitral diastolic 99+20 80+15 <0.001
velocity - E (cm/sec)
Peak late transmitral diastolic 69+19 58+12 <0.001
velocity - A (cm/sec)
E/A 1.51£0.48  1.42+0.34 NS
E deceleration time (msec) 152+34 164+33 NS
Isovolumic relaxation time (msec) 47+15 51£10 NS

Peak systolic tricuspid gradient 33.15+14.06 20.77+4.23 <0.001
(mmHg)

Total pulmonary resistance 451+294 245+93  <0.001
(dynes.sec.cm®)

Data derived from a cobort previously published by Aessopos et al.
(Blood 2001;97:3411-6).

although it is not the best. At present, it is usually low
in TT rarely exceeding 1,000 ng/mL. Confirmation of
myocardial iron content is not generally easy and only
T2* CMR has provided reliable estimates in a large
number of TM patients.”® An assessment of cardiac
iron by T2* CMR in 31 TI patients revealed that 23%
had cardiac iron overload, defined as a T2* value <20
msec.’ Significantly, the pattern of myocardial iron dis-
tribution was frequently heterogeneous in TI patients,
a fact that may have an effect on cardiac iron toxicity.

Hemolysis-induced tissue injury - vascular
involvement and elastic tissue abnormalities
Chronic hemolysis and iron overload, both of which
characterize the hemoglobinopathies, are currently
considered sources of strong oxidative stress. Reports
have shown that the free heme and the red cell mem-
brane elements that are produced during hemolysis
have a negative effect on nitric oxide and arginine
availability, which in turn promotes vasoconstriction.”
They also lead to further endothelial dysfunction,
resulting in a more pronounced nitric oxide reduction,
as well as to diffuse elastic tissue injury. The presence
of such an elastic tissue defect has been recently
described with a high prevalence in patients with
hemoglobinopathies, especially in those with either of
the two forms of B-thalassemia.?? The defect resem-
bles hereditary pseudoxanthoma elasticum (PXE), a
rare (1:70,000 to 1:160,000) connective tissue disorder,
and covers the whole clinical spectrum of PXE. This
mainly consists of skin (small yellowish papules or



Figure 2. Fundoscopical appearance of a thalassemia intermedia
patient with a diffuse pseudoxanthoma elasticum-like elastic tis-
sue disorder: typical findings called angioid streaks.

larger coalescent plaques), ocular (breaks of the elastic
lamina of Brush membrane called angioid streaks [AS])
(Figure 2) and vascular manifestations (degeneration of
the elastic lamina of the arterial wall, often with calci-
fication [Figure 3]).** Endocardium, cardiac valves
and pericardium may also be involved.**

Clinical expression of the elastic tissue injury is age-
related. T1 patients are therefore more affected by PXE
lesions because of their prolonged survival. In fact, it
has been shown that TI patients aged >30 years
(mean age 41.4 years) presented a 55% occurrence of
tibial artery calcification as part of elastic tissue abnor-
malities.” Interestingly, Tsomi and colleagues showed
that the arterial involvement in hemoglobinopathies,
including TI, had a much earlier sub-clinical onset.
Since PXE-like tissue pathology was found in splenic
artery specimens even from the first decade of life
(Figure 4).** On the other hand, the degenerative arte-
rial lesions observed in the elastic lamina and adventi-
cia® make vessels more susceptible to dilatation by
pulse pressure increase. Finally, the functional compo-
nent of the arterial involvement was recently studied
in TM, sickle-cell anemia and sickle-thalassemia
patients. Increased arterial stiffness with endothelial
dysfunction was observed and attributed to the two
common pathogenetic mechanisms, hemolysis and
iron load.”?

Valvular involvement

In a large group of 110 patients, electrocardiographs
confirmed a high frequency of endocardial degenera-
tive lesions, in the form of thickening and calcification,
which affected cardiac valves, mitral annulus and pap-
illary muscles. These were often followed by moder-
ate valvular regurgitation and occasionally by aortic
stenosis.’ Leaflet thickening was present in 48% of
patients, endocardial calcification in 21%, mitral
regurgitation in 47%, aortic regurgitation in 15%,
while there were 3 cases of mild to moderate aortic
stenosis.’ It has been suggested that the hyperkinetic
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Figure 3. Lateral X-ray of the tibia in a 45-year-old patient with tha-
lassemia intermedia. Calcification of the anterior and posterior
tibial arteries.

state due to the high output state, the iron overload
and primarily the elastic tissue abnormalities discussed
previously are the pathogenetic mechanisms responsi-
ble.** Although the hemodynamic consequences of the
mild or moderate valvular abnormalities are not usual-
ly significant, they may contribute, along with the
other pathogenetic mechanisms, to the development
of heart disease. Atrioventricular conduction distur-
bances and the risk of cerebrovascular thrombotic
events in the context of a coexistent hypercoagulable
state have also been discussed in literature.**

Hypercoagulability

Hypercoagulability is a well-established characteris-
tic of B-thalassemia.” A number of pathogenetic mech-
anisms have been discussed in relation to the underly-
ing genetic defect and its sequences, namely hemoly-
sis and iron overload, and the resulting oxidative tissue
damage. In fact, the free a-globin chains that result
from the decreased synthesis of the B-chains, together
with the free iron, provoke oxidative damage to the
red blood cell membrane proteins. This results in the
exposure of negatively charged phospholipids which
create a precoagulant surface.® Furthermore, data
obtained from TM and sickling syndromes, as
described above, showed that endothelial function is
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also impaired.”* Oxidative damage resulting from
hemolysis and iron load leads to an increase expres-
sion of adhesion molecules ICAM and VCAM and
impaired NO bioavailability. This provokes hyperco-
agulability and decreasing NO-dependent, flow-medi-
ated dilatation.”* Platelets are also activated with
enhanced aggregation, while splenectomy increases
platelet counts and induces membranes abnormalities
that further increase platelet aggregation.? The
observed deficiency of the coagulation inhibitors, pro-
tein C and protein S, the elevated levels of thrombin-
ATIII complex due to splenectomy and/or liver dys-
function as well as the co-inheritance of several coag-
ulation defects, such as factor V (Leiden) and factor
deficiency, may all contribute to the pathogenesis of
hypercoagulability in thalassemia.*®* Finally, a strong
inflammatory reaction has been observed. This has
been expressed by the elevated circulating levels of
cytokines and adhesion molecules and the monocyte
and neutrophil activation, hence promoting hyperco-

agulability.®

Cardiovascular consequences

Vascular manifestations

The combination of hypercoagulability and hemoly-
sis-related elastic tissue abnormalities may lead to a
wide spectrum of vascular complications. Elastic tissue
abnormalities have been associated with a number of
vascular complications sometimes observed in TI
patients. These include fatal cerebral hemorrhages,
anginal symptoms, ascending aorta aneurysm forma-
tion and gastrointestinal bleeding.**** Elastic tissue
abnormalities may also contribute to the leg ulcera-
tions frequently observed in TI patients. They may
also explain the observed development of transfusion-
induced arterial hypertension in sickle cell anemia and
B-thalassemia patients.***

Thalassemia-related hypercoagulability, sometimes
in combination with elastic tissue defects is thought to
be responsible for a high frequency of thromboembol-
ic complications. Thromboembolic events were
encountered in two large cohorts of thalassemia
patients, including both thalassemia major and TI
patients, with a frequency of 4.3% xot and 5.2%,
respectively.”®® It must be noted that the prevalence of
such events was higher in splenectomized patients
than in non-splenectomized ones. In particular, throm-
boembolic complications were even more frequent in
transfusion-independent splenectomised TI patients
(29%), compared to regularly transfused TM patients
(2%). This emphasizes the role of transfusion therapy
in the inhibition of hypercoagulability in thalassemia
patients.” Thromboembolic events included deep vein
thrombosis (40%), portal vein thrombosis (19%), pul-
monary thromboembolism (12%), cerebral thrombosis
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Figure 4. Upper panel: Cross section of an extrasplenic artery in a
child with thalassemia intermedia. Irregular conformation of the
internal elastic lamina and defects of the adventia. Lower panel:
Part of the same artery. Adventitial defect along with debris of the
fragmented original elastic lamina and multiple secondary elastic
layers at the endothelial aspect of the arterial wall (Pinkus stain-
ing for elastic tissue - Dr. Tsomi’s collection).

(9%), as well as recurrent arterial occlusion and others
(20%). A recently published multinational study of
8,860 thalassaemia patients from the Mediterranean
region and Iran showed that thromboembolic events
were 4.38 times more frequent in TI than in TM, and
were particularly prevalent in splenectomized patients
and patients with profound anaemia (hemoglobin
level <9 g/dL).* Ischemic strokes have also been
observed in combination with cardiac valvular lesions
resulting from elastic tissue defect and/or atrial fibrilla-
tion.® However, thrombosis may be a sub-clinical
process and may remain undetected. In fact, autopsy
findings of thrombi in the microvasculature of lungs
and brain have been observed in the absence of clini-
cal manifestations or other known risk factors.”

Right heart involvement

Despite the variable echocardiographic cut-off val-
ues for trans-tricuspid pressure gradient applied in dif-
ferent studies, pulmonary hypertension (PHT) repre-
sents a prominent complication in TI. Almost 60% of
cases in a large cohort of 110 TI patients had devel-
oped PHT.® More specifically, peak systolic tricuspid
gradient values >30 mmHg indicative of pulmonary



hypertension were present in 59.1% of patients, while
values >50 mmHg were present in 7.3% of cases.’
Other reports have confirmed these findings.** A
recent study showed that pulmonary hypertension is a
typical feature of non-transfused TI patients and not a
simple age-related effect due to their prolonged sur-
vival.® Pulmonary hypertension seems to be the lead-
ing cause of congestive heart failure in TI, due to the
subsequent right heart insufficiency. In the two largest
cardiological studies carried out on TI patients, conges-
tive heart failure was encountered in 5.4% of 110
patients aged 32.5 years and 2.7 % of 74 patients aged
28.2 years, respectively.*® It is important to emphasize
that all TI patients with congestive heart failure in
both studies had severe pulmonary hypertension and
normal systolic left ventricular function. More specifi-
cally, echocardiographically determined left ventricular
ejection fraction was normal in all cases, while right
cardiac catheterization in patients with congestive
heart failure showed a normal capillary wedge pres-
sure.*** The combination of high output state and
increased pulmonary vascular resistance is thought to
be responsible for the development of PHT in TI.>*

Increased pulmonary vascular resistance in B-tha-
lassemia is multifactorial. The fact that most sub-types
of chronic hemolytic anemia may develop pulmonary
hypertension suggests that there is a pathogenetic link
between the two conditions.* Recently, the role of
chronic hemolysis in the development of PHT through
the induction of nitric oxide and arginine deficiency
resulting in vasoconstriction, has received particular
attention.”” Hemolysis has also been associated with
the coexistent diffuse elastic tissue defect. In fact,
degenerative elastic tissue lesions have been encoun-
tered in pulmonary autopsies in patients with hemo-
globinopathies such as sickle cell disease.*
Furthermore, endothelial dysfunction promotes hyper-
coagulability and in situ thrombus formation within
the pulmonary vascular bed. In B-thalassemia in partic-
ular, the oxidative stress resulting from chronic hemol-
ysis is enhanced by the presence of iron overload and
free-radical formation and the expected effect seems to
be more pronounced. In addition, iron overload is
associated with interstitial pulmonary fibrosis and
may affect pulmonary vascular resistance.” As dis-
cussed above, hypercoagulability is a well-described,
co-morbid state in B-thalassemia, particularly common
in non-transfused TI patients. Extensive thromboem-
bolic lesions resulting in the reduction of the total pul-
monary vascular bed have been found in the pul-
monary arterioles of splenectomized thalassemics in
post-mortem autopsies.” Lung infections, chest defor-
mities, intrathoracic extramedullary hemopoietic
masses and transient LV dysfunction may also con-
tribute to pulmonary vascular resistance.’
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Figure 5. Computed tomography scan of the thorax in a 59-year-
old thalassemia intermedia patient with a hemoglobin level of 7
g/dL. Heavily calcified ascending and descending aorta along with
pleural effusion due to left heart failure.

Left ventricular involvement

Although right heart failure dominates cardiac
involvement in TI, the left ventricle is also affected. As
stated above, the left ventricle has to maintain a high
cardiac output through a dilated and yet rigid vascular
bed, and is therefore in a continuous state of both vol-
ume and pressure overload. This compromised left
ventricle function leads to a less favorable interaction
between left ventricular ejection and systemic arterial
compliance. This may contribute to left ventricular
impairment.”# These changes are aggravated by
advancing age and are therefore of particular impor-
tance in older TI patients.

Besides peripheral vascular disorders, the coexis-
tence of coronary arterial involvement, iron load and
valvular lesions renders cardiac function more suscep-
tible to decompensation. Indeed, unstable angina and
congestive heart failure were reported in a middle-
aged TI patient with severe anemia and heavily calci-
fied, although patent, coronary arteries. Fast evolution
of aortic valve calcification to severe stenosis, requir-
ing aortic valve replacement, was observed in another
case.”* Accordingly, the reported left cardiac status in
TI patients consists of a pronounced increase in left
ventricular diameters, volumes and mass, with impair-
ment of diastolic function but preservation of systolic
function. This condition represents an early, sub-clini-
cal manifestation of left heart failure.** Thus, during
physical exercise or other conditions requiring
increased cardiac work load, such as fever or signifi-
cant anemia exacerbation, a clinically evident left-
sided heart failure, usually in combination with pul-
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monary hypertension, may be observed. This condi-
tion is often seen in older patients, who are often
unable to be transfused due to red cell incompatibili-
ties, and whose arteries have become rigid and calci-
fied (Figure 5).°

Conclusion

Cardiac involvement in TI is primarily determined
by the fact that both ventricles have to maintain a high
cardiac output level through a stiff vascular bed.
Pulmonary hypertension followed by right heart fail-
ure dominates the clinical picture, while systolic left
ventricular function is usually preserved in a steady-
state condition. The key pathogenetic mechanism is
chronic tissue hypoxia and its consequences. From a

cardiovascular point of view, early transfusion therapy,
combined with correct iron chelation, may prevent
heart damage by reducing a number of crucial factors
that cause and maintain cardiac deterioration, such as
high output state, hemolysis and hypercoagulability.®
However, a complete evaluation of patients’ condition
is necessary before this kind of treatment is adopted.
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