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Abstract

Pulmonary hypertension (PH) is common in thalassemia and contributes to mortality. Advancing age and a history
of splenectomy are major risk factors in this population. The etiology of PH is multifactorial, involving a complex
interaction of platelets, the coagulation system, erythrocytes, and endothelial cells along with inflammatory and
vascular mediators. The long-term effect of splenectomy, red cell membrane pathology, coagulation abnormalities,
low nitric oxide (NO) bioavailability, excess arginase activity, platelet activation, oxidative stress, iron overload, and
chronic hemolysis play a role. The process of hemolysis disables the arginine-NO pathway through the simultaneous
release of erythrocyte arginase and cell-free hemoglobin. Both NO and its obligate substrate arginine are rapidly
consumed. The biological consequences of hemolysis on NO bioavailability ultimately translate into the clinical
manifestations of PH. Guidelines for the management of PH in thalassemia have not yet been established; however,

clinical trials are ongoing in an effort to guide future therapy.

1. Introduction

The thalassemia syndromes are a heterogeneous
group of inherited hemoglobin disorders resulting
from unbalanced production of the alpha and beta
globin subunits of the hemoglobin tetramer [1].

Over 125 different genetic lesions can cause p_-
thalassemia, which is characterized by decreased (p+-
thalassemia) or absent (BO-thalassemia) synthesis of
the B_-globin chain. Thalassemia is most common in
individuals whose ancestors originated from the
Mediterranean region, Africa, southern China,
Southeast Asia, and India [2].

The clinical spectrum is a consequence of
imbalanced globin chain accumulation, resulting in
impaired erythropoiesis and hemolytic anemia. The
two clinically significant phenotypes of f_-
thalassemia have been designated thalassemia major
(TM) and thalassemia intermedia (T1).

TM is characterized by severe anemia starting
during the first year of life, requiring life-long
transfusion therapy for survival, while Tl has a later
clinical onset with a milder anemia, does not typically
require chronic transfusions, and offers a longer life
expectancy. Heart failure is the most common
cause of death in both forms of the disease [3].

thalassemia heart disease involves mainly left
ventricular dysfunction caused by transfusion-induced
iron overload. However, recent studies suggest that
both TM and T1 patients have a unique hemodynamic
pattern  consistent  with right  ventricular
cardiomyopathy and pulmonary hypertension (PH), in
addition to the left ventricular abnormalities [4].

Secondary PH is emerging as a significant cause of
mortality and morbidity in patients with hemolytic
anemia. It is defined as a mean pulmonary artery
pressure of >25mmHg at rest or >30mmHg during
exercise, and can result from a wide range of
conditions.

PH in thalassemia is associated  with
vasoconstriction, vascular smooth muscle
proliferation, and irregular endothelium in pulmonary
arteries with associated thrombosis. These conditions
all contribute to luminal narrowing, and eventual right

ventricular failure [6].

Although overlap in mechanisms contributing to
vasculopathy and PH is expected in all forms of
thalassemia, the pathophysiology of PH s
fundamentally different in patients with Tl compared
to TM. Hemolysis is likely a driving force toward PH
in nontransfused TI patients, while the consequences
of iron overload and oxidative stress play a more
significant role in TM patients on transfusion therapy
[8].

There is growing evidence that PH is a disease
process that involves altered arginine metabolism or
decreased bioavailabilityAs in thalassemia we found
dysregulated arginine metabolism [10].

Low global arginine bioavailability, associated
with mortality in thalassemia [11] has recently been
prospectively linked to increased cardiovascular risk,
coronary artery disease, and adverse cardiovascular
events including death, myocardial infarction, and
stroke in over 1,000 patients undergoing elective
cardiac catheterization [12] This supports a more
extensive role for arginine bioavailability in the
pathogenesis of  vasculopathy independent of
genotype. High concentrations of the arginine-
consuming enzyme arginase are found in the
erythrocytes of thalassemia patients [13].

2. Aim of the work

The aim of this study is to evaluate the role of
arginine in thalassemia patients and its relation to
cardiopulmonary  dysfunction mainly pulmonary
hypertension  through echo examination and
correlation of these results with the severity of the case
of thalassemia with transfusion pattern.

3. Subject and Method

e This prospective, randomized controlled study has
been done on 50 patients with B-thalassemia, Age of
patients from 6 months to 18 years excluding Other
chronic hemolytic anemia, Congenital or rheumatic
heart disease, Other systemic diseases and 20
healthy control child, at outpatient’s pediatric
Hematology & Oncology unit, Benha children
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hospital, over 12 months duration
All children ( patients & control ) subjected to the
following:

Complete history taking, Full clinical examination,
Complete blood count, Reticulocytic count., Liver
enzymes (AST & ALT), Kidney function tests (urea &
creatinine), Serum Ferritin, Plasma arginine level by
ELISA.

Echo Doppler

Subjects  were  screened for PH by
echocardiography performed at steady-state, defined
as; >2 weeks from an acute illness including febrile
illness, or hospital echocardiography, Pulmonary
artery systolic pressure (PASP) was computed as the
sum of transtricuspid gradient and the right atrial
pressure.

Table( 1) Etiology and risk factors for pulmonary hypertension in thalassemia

Advancing age

Splenectomy
Hemolysis

Oxidative stress

Iron overload

Chronic inflammation
Hypercoagulable state

Hypoxemia
Red blood
alterations

membrane

Low nitric oxide bioavailability
Arginine dysregulation

Arginase excess
splenectomy, .(9)

4. Results
Subject characteristics
e Fifty patients with thalassemia syndrome were
included in this study. 78% of patients are TM
the restare TI .
Cardiopulmonary evaluations
e Tricuspid regurge velocity (TRV) is significantly
higher in patient group ranging from 2.4-3.4 m/s
with median 2.65 than control group which range
from 0.5-2.1 with median 0.9
e Pulmonary artery pressure PAP is significantly
higher in patient group than control group. With
percentage of 60% mild(25-35)mmHg , 38%
moderate  (35-60)mmHg and 2% severe
(>60)mmHg
e There is high significant (P<0.001) increase of
PAP in splenectomized patients than non
splenectomized
Laboratory parameters
there is highly significant (P<0.001) decrease of
plasma arginine in thalassemic patients ranging 11-76
with SD +18.04 than control group ranging 80-121
with SD +11.61
Also there is highly significant negative correlation
in thalassemic patients between each of age, serum
ferretin, platelet count, tricuspid valve velocity and
pulmonary artery pressure with plasma arginine and
there is positive significant correlation between
pretransfusion hemoglobin and plasma arginine
In our study we find that there was significant
decrease of plasma arginine in patients with [
thalassemia major than B thalassemia
intermedia(P<0.79) and both types of patients have
highly significant decrease in plasma arginine than

control group (P<0.001)

Also there is high significant decrease in plasma
arginin in patients with ECG changes ranging 11-28
with SD +5.1 while plasma arginin in patients without
ECG abnormalities ranging 23-76 with SD+13.9

As mentioned before there is high significant
decrease of plasma arginin in splenectomized patients
than those having their spleen intact, as plasma
arginin in patients with splenectomy range 11-23 , SD
+4.08 while patients with no history of splenectomy
range is 23-76, SD + 13.7 (P<0.001).

5. Discussion

Our study revealed Decrease plasma arginine in
patient group with negative correlation between it and
PAP & TRV, this result was consistent with the study
carried by [14] which demonstrated that there was
decrease level plasma arginin in patients with
hemolysis associated complication as right ventricular
dysfunction, pulmonary hypertension and high TRV

Of interest [15] published an association of TRV
elevation & PH  with reduced plasma arginine,
together with increased anaemia

there was highly significant decrease of plasma
arginine in patients with [ thalassemia major
compared to B thalassemia intermedia and both types
of patients are highly significant decrease in plasma
arginine than control group it was consistent with
study carried by [16][17] who demonstrated
significant decrease of plasma arginin with increase
rate of hemolysis as in thalassemia major patient

in our study There was highly significant increase
in TRV ranging from 2.4-3.4 m/sec in thalassemic
patients than control group which ranging from 0.5-2.1
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m/sec, also high significant increase in PAP in
thalassemic patient ranging from 26-65 mmHg than
control group ranging from 15-24 mmHg which was
proved with number of studies as [18,19].

while there was non significant difference in PAP
& TRV between thalassemia major and thalassemia
intermedia patients which was in agreement with study
done [20] which proved that patients with thalassemia
major not at increased risk for PH or increase TRV
than patients with thalassemia intermedia

In our study advancing age of thalassemic patients,
and history of splenectomy has increase risk of PH,
elevated TRV and decrease plasma arginin which
agreed with number of studies [21,22] which
demonstrate that Advancing age and a history of
splenectomy are major risk factors for PH in this
population

Also our study was ongoing with [23] who
demonstrated that surgical splenectomy in chronic
hemolytic disorders has been associated with increased
prevalence of thromboembolic disease and PH due to
combination of hypercoagulability, platelet activation,
thrombocytosis and disturbance in endothelial function
but [24, 25] was against our study by finding that there
was no relation between splenectomy with PH and
TRV.

our study demonstrate that serum ferritin had high
significant positive correlation with PH & TRV as
proved by [26, 27] while In one study of patients with
TM, the degree of anemia, number of transfusions, and
serum ferriten levels did not appear to correlate with
risk of PH [28].

splenectomy associated with highly significant
decrease in plasma arginin in thalassemic patients |,
this study was in agreement with data published by
[29] which demonstrated that endothelial and vascular
injury that occur after splenectomy result in depletion
of plasma arginine.

6. Conclusions

Coagulation  abnormalities, haemolysis  and
arginine dysregulation emerged as major mechanisms
associated with an elevated TRV in this cohort of
thalassaemia patients. An altered arginine metabolome
has been implicated in the pathophysiology PH in a
number of settings .

These data provide additional support for its role in
PH-risk in thalassaemia. Nearly all human cell-types
contain arginase, an intracellular enzyme released into
circulation upon cell damage or cell death, but the
greatest source of arginine dysregulation in
haemoglobinopathies is erythrocyte- derived arginase-
| released during haemolysis ,Although the sources
and specific enzyme isoforms remain to be identified
in B-thalassaemia, it is intriguing that arginase activity
and concentration correlated so strongly to
echocardiographic and cardiopulmonary dysfunction,

It is possible that this may exist commonly in other
myocardial disorders, particularly those associated
with low plasma arginin and may provide a novel area
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to pursue therapeutically. This study provides further
evidence that arginine dysregulation may contribute to
cardiopulmonary  dysfunction in B-thalassaemia.
Arginase inhibition or interventions aimed at
restoration of l-arginin may hold promise for
haemolytic disorders. These data may establish novel
directions for future research in the thalassaemia
syndromes and beyond. in other myocardial disorders,
particularly those associated with low plasma arginin
and may provide a novel area to pursue
therapeutically. This study provides further evidence
that arginine dysregulation may contribute to
cardiopulmonary  dysfunction in B-thalassaemia.
Arginase inhibition or interventions aimed at
restoration of GAB may hold promise for hae.
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