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Abstract

A young female diagnosed with Thalassemia Intermedia (TI)
was referred for severe anemia, marked jaundice, epigastric
pain, dyspnoea, fever and edema feet. She was on RBC
transfusions and was following up at the thalassemia center.
Her laboratory investigations were suggesting AIHA with
ongoing hemolysis and complications due to iron overload.
From the time of presentation and during her hospital stay,
multiple investigations were carried out and complications were
dealt with. Surprisingly renal arterial thrombosis was detected
which was an unusual feature in intermedia patients. Although
patients with TI are considered to be intermediate in severity,
multiple complications in them can be fatal. One has to be
vigilant in dealing with such cases and should try to understand
the pathophysiology of complications. Managing such cases is
a challenging task for hematologists. We present here, our
case in view of arterial thrombosis as an unusual and
unanswered feature in TI patients.
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Introduction
An eighteen years old single female, a resident of interior areas of

Maharashtra (Palghar), belonging to the Muslim community and
BONCM was referred from peripheral hospital to our emergency
medical services (tertiary hospital) with the diagnosis of Thalassemia
with severe anemia, jaundice, and sepsis. She had been transferred to
us after transfusion with 3 units of PCC and 4 units of FFP. She got
admitted to the medicine ward with chief complaints of epigastric
pain, high colored urine and yellow discoloration of the skin, fever
without chills, bilateral edema feet, generalized weakness and
breathlessness on exertion (DOE III) since around a week. There were
no complaints of cold, cough, nausea, vomiting, diarrhea, burning
micturition or any bleeding manifestations. Her menstrual history was
not significant and her LMP was a week before she presented to us.

The patient was diagnosed as Hb-E β Thalassemia Intermedia (TI)
during childhood. She required multiple blood transfusions since her
age of 4 years. Her blood group was ‘O’ Rh D positive. Later there was

difficulty in getting compatible units in the cross-match for
transfusions. Her antibody screen was positive on 11 cell panel.

She was detected to have RBC auto-antibodies (DAT 4+ in 2018, a
year back) and was given a short course of oral steroids. She used to get
blood units for transfusions from a blood bank and was following up at
Thalassemia center. There was no significant past history of Diabetes
Mellitus, Hypertension, Bronchial Asthma or Tuberculosis. She used to
visit different physicians for her multiple health issues and had
consulted a private Haematologist four months back. There she was
prescribed Thalidomide (100 mg), Aspirin (75 mg), Deferasirox (1500
mg), Hydroxyurea (500 mg), some wheatgrass (herb) and vitamins
supplementations. Her hemoglobin (Hb) levels had improved and
transfusion requirements had decreased since then. However, at the
time of the presentation, her Hb was still low.

On examination, she was afebrile, had tachycardia. Her general
examination revealed pallor, deep icterus and non-pitting edema of
bilateral feet. On systemic examination, there was bronchial breathing
and crepitations on Right Upper Lobe. The abdomen was soft, non-
tender. Liver and spleen were palpable. She was conscious, oriented
and there were no flaps. Patient was transferred to MICU because of
her critical condition. Reference was given to Dermatology in view of
c/o red painful and non-pus-filled vesicles on B/L upper and lower
limbs, the impression was erythema nodosum.

Her investigations on admission revealed anemia,
hyperbilirubinemia, sepsis and deranged coagulation profile. Her viral
markers (HIV 1 and 2, HBsAg, HCV), fever profile (Leptospirosis,
Dengue, Malaria) and H1N1 status were negative shown in tables
(Table 1).

Lab. parameters Values

Hemoglobin (g/dL) 5.1

TLC (number of cells/µL) 17100

Platelet (no. of cells × 103/µL) 140

INR 2.32

BSL (mg%) 83

Total bilirubin/ direct bilirubin (mg%) 32/15

Albumin (gm%) 2.4

SGOT/PT (U/L) 65/22

Creatinine (mg%) 0.55

ALP (U/L) 83

Viral markers (Hepatitis A, B, C, E) NR

HIV H1N1 Negative

Fever profile (malaria, dengue, leptospirosis) Negative

Table 1: Laboratory investigations of the patient at admission.

Chest radiograph showed consolidation in RUL, mild pleural
effusion, cardiomegaly.ECG confirmed tachycardia. Her previous MRI
scan showed severe liver and pancreatic iron overload and DEXA scan
revealed Z score of 3.31 SD (Lumbar) suggestive of osteoporosis.
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Peripheral smear showed features of thalassemia i.e. hypochromasia,
anisocytosis, microcytosis, macrocytosis, polychromasia, pencil cells,
and toxic granules. Urine was showing the presence of 10-12 pus
cells/HPF with bile salts and bile pigments. Her vitamin B 12 levels
were normal (374 ng/mL) and ANA was weak positive (titer 1:100).

During her hospital stay, she underwent many investigations for her
complications. CECT thorax suggested few areas of consolidation in
RLL with mild pleural effusion suggestive of active infective etiology.
Doppler of B/L lower limbs was normal. 2D echo showed findings of
severe PHT, LVEF of 60% and PASP by TR jet of 60mm. A repeat urine
examination showed albumin, few pus cells, cocci, bacilli, and fungal
hyphae.

A repeat DAT in our hospital laboratory was positive with a grade of
2+ and IAT was negative. Her LDH level was 799 U/L on day nine of
admission which rose to 1090 U/L on day eleven. TFTs were normal
with T3 78.2 ng/ dL and T4 5.6 µg/mL while there was rise in TSH
with a value of 8.7 µIU/mL. Parvovirus infection test showed equivocal
positive result for IgM antibody 10:43 and IgG was not done. This was
in accordance with the fact that her red cell carried 'P' antigen, checked
on 11 cell panel antigram. Also, she carried clinically significant
antigens on her red cells evident from her antigram results i.e. Rhesus
R1R1 (CDe/CDe), Duffy: Fya+b+, Kell K-k+, Kidd Jka+b+ and was
confirmed by molecular analysis.

USG of abdomen confirmed hepatosplenomegaly (Liver 20.4 cm,
Spleen 23.8 cms with spleniculi). Both kidneys were bulky; Right 12.5
× 5.7 cm and Left measuring 14.2 × 5.3 cm with few infarcts and gall
bladder calculi. A repeat USG scan after four days showed 3.2 × 1.5 cm
hyperechoic area in subcutaneous plane in para-umbilical region
suggesting a lipoma and mild ascites. The ascitic fluid showed no
growth on culture. Later CECT (A+P) showed and confirmed
hepatosplenomegaly with increased attenuation suggestive of iron
overload and few areas of renal infarcts. CT renal angiogram revealed a
surprising finding of non-visualization of the upper and mid polar
segmental branch of right and left upper segmental branch of left renal
artery secondary to thrombosis.

Few more investigations were advised to the patient like serum
haptoglobin, serum Ferritin levels, repeat liver and cardiac MRI scan
for iron overload, fibro-scan of liver and thrombophilia profile viz. ds
DNA, APLA, protein C and S, AT III and NAT for TTI. However, they
were not done by the patient's family due to financial constraints. A
diagnosis was made as Hb-E beta-thalassemia with h/o allo/auto-
immunization with severe iron overload with resolving LRTI with
hepatic failure with renal arterial thrombosis with persistent anemia
and hypothyroidism. Patient was started on nasal oxygen, antibiotics,
Folate and RBC transfusion. On day thirteen, patient was better and
her abdominal pain had resolved. Her anemia persisted to less than 6
gm/dL despite being on transfusion support.

Her icterus had reduced markedly with improvement in her LFTs.
However, she complained of dyspnoea so nasal Oxygen was continued
to maintain saturation. CT Pulmonary Angiography was normal. In
view of thrombosis; tablet Aspirin and injection LMWH were started.
On day fifteen of admission in the early morning, she developed frank
hematuria (observed in her catheterized urosac bag) and succumbed.

Discussion
Our young patient with Hb E β Thalassemia had multiple

complications like anemia, hepatic failure, hypothyroidism and

surprising feature of renal arterial thrombosis. Anemia was attributed
to hemolysis of multi-factorial etiology. Underlying hemoglobinopathy
due to Hb E β Thalassemia and AIHA as a result of auto and
alloimmunization to some extent were the major causes. Acute
hemolysis due to Parvovirus B19 infection could have added to the
severity of anemia.

Organ dysfunction/failure secondary to severe iron overload due to
chronic transfusions, increased gut iron absorption is an important
cause of morbidity and mortality. In our patient, hepatic failure could
be due to liver dysfunction or due to hepatitis. Although the risk of
TTIs like viral hepatitis is high in patients with TDT; our patient was
non-reactive by ELISA (3rd generation) for hepatitis viral infections.
In view of ANA positivity, a possibility of autoimmune hepatitis could
not be ruled out. Her deranged Thyroid profile could have been due to
iron overload in thyroid gland or autoimmune hypothyroidism.

Aetiologies for bilateral renal artery segmental thrombosis were
thought to be drug-induced (culprit drug could be Thalidomide). Also,
sepsis with Thrombotic micro angiopathy or immune-mediated
vasculitis was the other proposed mechanism.

Iron overload and target organ toxicity
A combination of ineffective erythropoiesis, anemia, and hypoxia

could be a result of a compensatory increase in serum EPO and
decrease in hepcidin, which controls concentration of ferroportin on
the intestinal wall. Three proposed regulators of hepcidin production
are GDF 15 (released by erythroid precursors), TGF 1 and HIT. The
end result is a combined effect of suppression of hepcidin, increased
intestinal iron absorption and increased the release of recycled iron
from macrophages within RES [1-3].

Gallstones
Increased hemolysis could have led to gall stone in our female

patient. Also, certain genetic factors such as UDPG deficiency
(Gilbert’s syndrome) needed to be ruled out [4].

Endocrine complication
Osteoporosis could be secondary to bone marrow expansion. Also,

25-hydroxy vitamin D deficiency is highly prevalent in intermedia
patients. Hypothyroidism, hypo/hyperparathyroidism/diabetes, and
other endocrine complications can be due to iron overload in these
glands [5,6].

Damage to cardiac tissue
Myocardial siderosis is documented in small subgroups of older TI

patients at autopsy. Also, exposure to NTBI without accumulation of
toxic iron species within myocytes can damage cardiac tissue [7,8].

Pulmonary hypertension
It is a combined effect of chronic anemia and hypoxia, iron

overload, splenectomy in certain patients, hypercoagulability and
micro thrombosis in the pulmonary circulation [9-12].

Thrombosis and embolism
It is found out in a study that 1 mg increase in LIC is independently

associated with the risk of thrombosis, PHT, hypothyroidism,
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hypogonadism, and osteoporosis [13,14]. Patients of TI are at risk of
thromboembolic events in the form of thrombosis in the portal vein
and central venous system. The mechanism behind it could be
chronically activated platelets and enhanced platelet aggregation
(expression of CD62 i.e. P-selectin and CD63, both markers of in vivo
platelet activation). They have 4-10 times higher metabolites of PGI2
and TX A2 (markers of hemostatic activity) causing thrombotic milieu
in peripheral circulation [15,16]. Optimal care; a multicenter study;
was conducted over different countries in 584 patients with TI at six
comprehensive care centers for the associations between patient and
disease characteristics, treatment received and the rate of clinical
complications. According to them, venous thromboembolism was the
fifth most common complication affecting 14% of their patients and
splenectomy alone caused fivefold increased risk of thrombosis.
Literature has documented 2% and 29% incidence of venous
thromboembolic events in patients with TM and TI respectively [17].

In an Indian case-control study; out of 53 TI patients versus 40
controls, thrombotic episodes were observed in 9.4% patients,
attributed to decreased levels of protein C and S and AT III levels and a
significant association with hepatic dysfunction [18]. A case report of
10 years old Hb E beta-thalassemia child, showed a strong association
of low levels of protein C and S as causative factors for developing
hemorrhagic infarcts in brain [19]. The actual risks and causes of the
hypercoagulable milieu in intermedia patients are still not clear. A
thorough literature review supports four important causes viz; altered
platelet function, endothelial activation, red blood cell membrane
abnormalities leading to activation of the coagulation cascades and
changes in coagulation protein levels (Table 2).

Day of Parameters D2 D4 D8 D9 D11 D12 D13 D14

Hb (g/dL) 5.6 5.6 5.5 4.9 5.1 3.9 3.4 5.2

TLC (/µl) 5.4 4.9 3.8 3.3 2.3 4.1 4.1  3

Plt. (X103/µl) 75 72 110 110 105 128 141 167

BUN (mg%) 23 10 9 8 12 11 7 7

Sr.Creat.(mg%) 0.8 0.5 0.9 0.8 0.8 0.8 0.7 0.7

Na (mEq/L) 133 129 126 130 130 123 130 133

K (mEq/L) 4.7 4.5 4.4 4.1 3.9  3.8 3.7

Uric Acid (mg%)    2.9 3.6    

TP/Alb (gm%) 6.3/2.3 7.2/2.5 8.3/2.9 8.0/2.9 7.5/3 7.6/3

SGOT/ PT (U/L) 30/23 25/18 24/17  29/19 24/11 35/18  

ALP (U/L) 335 446 282  351 219 463  

TB/DB (mg%) 41.6/21.6 36.7/18.5  3.4/1.2 2.7/3.7  2.5/0.8  

BSF (mg%)  70 85 86 95    

INR 1.7   1.2   1.39 1.67

aPTT (sec) 24   22   18.9 19

LDH (U/L)    799 1090    

Table 2: Series of different laboratory investigations of the patient during hospital stay (August 2019).

Basic mechanisms for the hypercoagulable state in thalassemia
Partial or complete deficiency of globin chain synthesis as a cause of

denaturation and degradation of the remaining globin chains leads to
loss of the normal asymmetrical distribution of the RBC membrane
phospholipids and translocation of PS to the external membrane leaflet
(flip-flop) and membrane damage due to lipid peroxidation mediated
by free iron and hemichromes, immunoglobulins and modifications in
the membrane band 3 protein and spectrin. The result is an enhanced
aggregation of PS-exposing RBCs, their increased adherence to ECs
and their capacity to enhance thrombin generation via the assembly of

the prothrombinase complex. Enhanced thrombin generation leads to
activation of platelets, monocytes, granulocytes and endothelial cells
and expression of tissue factor, which further enhances thrombotic
process. Low levels of the coagulation inhibitors, protein C and protein
S, further facilitate the resultant hypercoagulable state. This
phenomenon is well understood and evident with the support of
different laboratory assays showing an increase in procoagulant
parameters and a decrease in coagulation inhibitors in TI and TM
patients [20-22] (Figure 1).
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Figure 1: Different contributory factors for Hypercoagulable milieu In Thalassemia Intermedia patients.

However, to the best of our knowledge, in literature, there is no
documented case/s of arterial thromboembolism in TI patients. In our
patient, the phenomenon of renal arterial thrombosis and its
pathophysiology was still questionable and unanswered. We would
have liked to do further tests for the same but we lost patient before
that. PM was not done as the family was not willing for the same.

Conclusion
Thromboembolism occurs in patients with thalassemia with

considerable morbidity. TI should no longer be regarded as a mild
form of thalassemia because patients experience serious manifestations
involving almost every organ system. Studies that expand our
understanding of the mechanisms and risk factors of the disease, as
well as clinical trials evaluating the roles of available treatments, will
help establish management guidelines thattransform patient care into
optimal standards. It is evident that without treatment, TI patients
experience more frequent morbidity and poorer health-related quality
of life. General considerations for management include transfusion
therapy, iron chelation, splenectomy in selected patients, induction of
foetal hemoglobin with drugs like Hydroxycarbamide and other newer
agents with the role of anticoagulation prophylaxis in patients. In our
patient, certain phenomena remained unanswered i.e. etiology of renal
artery thrombosis, the rationale of Aspirin/anti-coagulation, any role
of prophylaxis for thrombosis and the role of Hydroxy urea. This case

highlights the importance of being alert and vigilant in TI cases which
are usually considered as milder form; in doing proposed laboratory
investigations and act accordingly for managing such cases.

Acknowledgement
Dr. Ramesh Bharmal, Dean, Topiwala National Medical College and

BYL Nair Charitable Hospital, Mumbai 400008. State: Maharashtra,
Country: India.

References
1. Gardenghi S, Grady RW, Rivella S (2010) Anemia, ineffective

erythropoiesis, and hepcidin: Interacting factors in abnormal
iron metabolism leading to iron overload in beta-thalassemia.
Hematol Oncol ClinNorth Am 24: 1089-1107.

2. Melchiori L, Gardenghi S, Rivella S (2010) beta- Thalassemia:
HiJAKing ineffective erythropoiesis and iron overload. Adv
Hematol 2010.

3. Tanno T, Miller JL (2010) Iron loading and overloading due to
ineffective erythropoiesis. Adv Hematol 2010.

4. Borgna-Pignatti C, Rigon F, Merlo L, Chakrok R, Micciol R, et al.
(2003) Thalassemia minor, the Gilbert mutation, and the risk of
gallstones. Haematologica 88: 1106–1109.

Citation: Anand GB, Vrinda KK (2020) Arterial Thrombosis in Hb-E Beta Thalassemia: A Mystery Unrevealed. J Blood Res Hematol Dis 5:2.

doi: 10.37532/jbhrd.2020.5(2).119

Volume 5 • Issue 2 • 1000119 • Page 4 of 5 •

https://www.sciencedirect.com/science/article/abs/pii/S0889858810001152?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0889858810001152?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0889858810001152?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0889858810001152?via%3Dihub
https://www.hindawi.com/journals/ah/2010/938640/
https://www.hindawi.com/journals/ah/2010/938640/
https://www.hindawi.com/journals/ah/2010/938640/
https://www.hindawi.com/journals/ah/2010/358283/
https://www.hindawi.com/journals/ah/2010/358283/
https://europepmc.org/article/med/14555305
https://europepmc.org/article/med/14555305
https://europepmc.org/article/med/14555305


5. Napoli N, Carmina E, Bucchieri S, Sferrazza C, Rini GB, et al.
(2006) Low serum levels of 25 hydroxy vitamin D in adults
affected by thalassemia major or intermedia. Bone 38: 888–892.

6. Lombardo T, Tamburino C, Bartoloni G, Morrone ML, Frontini
V, et al. (1995) Cardiac iron overload in thalassemic patients: An
endomyocardial biopsy study.AnnHematol71: 135–141.

7. Taher AT1, Musallam KM, Karimi M, El-Beshlawy A, Belhoul K,
et al. (2010) Overview on practices in thalassemia intermedia
management aiming for lowering complication rates across a
region of endemicity: the OPTIMAL CARE study 115:1886-1892.

8. Aessopos A, Farmakis D, Karagiorga M, Voskaridou E, Loutradi
A, Hatziliami A, et al. (2001) Cardiac involvement in thalassemia
intermedia: A multicenter study. Blood 97: 3411–3416.

9. Mokhtar GM, Adly AA, El Alfy MS, Tawfik LM, Khairy AT
(2010) N-terminal natriuretic peptide and ventilation-perfusion
lung scan in sickle cell disease and thalassemia patients with
pulmonaryhypertension. Hemoglobin 34: 78–94.

10. Karimi M, Musallam KM, Cappellini MD, Daar S, El-Beshlawy
A, et al. (2011) Risk factors for pulmonary hypertension In
patients with b thalassemia intermedia. Eur J InternMed 22: 607–
610.

11. Phrommintikul A, Sukonthasarn A, Kanjanavanit R,
Nawarawong W(2006) Splenectomy: A strong risk factor for
pulmonary hypertension in patients with thalassemia. Heart 92:
1467–1472.

12. Singer ST, Kuypers FA, Styles L, Vichinsky EP, Foote D, et al.
(2006) Pulmonary hypertension in thalassemia: Association with
platelet activation and hypercoagulable state. Am J Hematol81:
670–675.

13. Pakbaz Z, Fischer R, Fung E, Nielsen P, Harmatz P, Vichinsky E
(2007) Serum ferritin underestimates liver iron concentration in
transfusion independent thalassemia patients as compared to
regularly transfused thalassemia and sickle cell patients. Pediatr
Blood Cancer 49: 329–332.

14. Winichagoon P, FucharoenS, Wasi P (1981) Increased circulating
platelet aggregates in thalassemia. Southeast Asian J Trop Med
Public Health 12: 556–560.

15. Del Principe D, Menichelli A, Di Giulio S, De Matteis W,
Cianciulli P, et al. (1993) PADGEM/GMP-140 expression on
platelet membranes from homozygous beta thalassaemic patients.
Br J Haematol 84: 111–117.

16. Ruf A, Pick M, Deutsch V, Patscheke H, Goldfarb A, et al. (1997)
In-vivo platelet activation correlates with red cell anionic
phospholipid exposure in patients with b-thalassemia major. Br J
Haematol 98: 51–56.

17. Cappellini MD, Robbiolo L, Bottasso BM, Coppola R, Fiorelli G,
et al. (2000) Venous thromboembolism and hypercoagulability in
splenectomized patients with thalassemia intermedia. Br J
Hematol 111: 467-473.

18. Maitreyee B, Meganathan K, Chaudhry VP, Mahapatra M, Pati
H, et al. (2007) Hypercoagulable State in Five Thalassemia
Intermedia Patients. Clinical and Applied Thrombosis/
Hemostasis 13: 422-427.

19. VineetaS, Arijit B, Bijender K, Renu S (2010) Protein C and
Protein S: Causative Factor for Developing a Hemorrhagic Infarct
in a HbE/Beta-Thalassemia Child. Indian J Pediatr 77: 316-317.

20. Musallam KM, Cappellini MD, WoodJC, Motta I, Graziadei G, et
al. (2011) Elevated liver iron concentration is a marker of
increased morbidity in patients with b thalassemia
intermedia.Haematologica 96: 1605–1612.

21. Amiram E, Eliezer AR (2003) The hypercoagulable state in
thalassemia. Blood 99: 36-43.

22. Weizer-Stern O, Adamsky K, Amariglio N, Rachmilewitz E,
Breda L, et al. (2006) mRNA expression of iron regulatory genes
in b-thalassemia intermedia and b thalassemia major
mousemodels. Am J Hematol 81: 479–483.

 

Citation: Anand GB, Vrinda KK (2020) Arterial Thrombosis in Hb-E Beta Thalassemia: A Mystery Unrevealed. J Blood Res Hematol Dis 5:2.

doi: 10.37532/jbhrd.2020.5(2).119

Volume 5 • Issue 2 • 1000119 • Page 5 of 5 •

https://www.sciencedirect.com/science/article/abs/pii/S8756328205004977?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S8756328205004977?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S8756328205004977?via%3Dihub
https://link.springer.com/article/10.1007/BF01702649
https://link.springer.com/article/10.1007/BF01702649
https://link.springer.com/article/10.1007/BF01702649
https://ashpublications.org/blood/article/115/10/1886/26856/Overview-on-practices-in-thalassemia-intermedia
https://ashpublications.org/blood/article/115/10/1886/26856/Overview-on-practices-in-thalassemia-intermedia
https://ashpublications.org/blood/article/115/10/1886/26856/Overview-on-practices-in-thalassemia-intermedia
https://ashpublications.org/blood/article/115/10/1886/26856/Overview-on-practices-in-thalassemia-intermedia
https://ashpublications.org/blood/article/97/11/3411/107485/Cardiac-involvement-in-thalassemia-intermedia-a
https://ashpublications.org/blood/article/97/11/3411/107485/Cardiac-involvement-in-thalassemia-intermedia-a
https://ashpublications.org/blood/article/97/11/3411/107485/Cardiac-involvement-in-thalassemia-intermedia-a
https://www.tandfonline.com/doi/abs/10.3109/03630260903554621?journalCode=ihem20
https://www.tandfonline.com/doi/abs/10.3109/03630260903554621?journalCode=ihem20
https://www.tandfonline.com/doi/abs/10.3109/03630260903554621?journalCode=ihem20
https://www.tandfonline.com/doi/abs/10.3109/03630260903554621?journalCode=ihem20
https://www.ejinme.com/article/S0953-6205(11)00105-1/fulltext
https://www.ejinme.com/article/S0953-6205(11)00105-1/fulltext
https://www.ejinme.com/article/S0953-6205(11)00105-1/fulltext
https://www.ejinme.com/article/S0953-6205(11)00105-1/fulltext
https://heart.bmj.com/content/92/10/1467
https://heart.bmj.com/content/92/10/1467
https://heart.bmj.com/content/92/10/1467
https://heart.bmj.com/content/92/10/1467
https://onlinelibrary.wiley.com/doi/abs/10.1002/ajh.20640
https://onlinelibrary.wiley.com/doi/abs/10.1002/ajh.20640
https://onlinelibrary.wiley.com/doi/abs/10.1002/ajh.20640
https://onlinelibrary.wiley.com/doi/abs/10.1002/ajh.20640
https://onlinelibrary.wiley.com/doi/abs/10.1002/pbc.21275
https://onlinelibrary.wiley.com/doi/abs/10.1002/pbc.21275
https://onlinelibrary.wiley.com/doi/abs/10.1002/pbc.21275
https://onlinelibrary.wiley.com/doi/abs/10.1002/pbc.21275
https://onlinelibrary.wiley.com/doi/abs/10.1002/pbc.21275
http://europepmc.org/article/med/7344105
http://europepmc.org/article/med/7344105
http://europepmc.org/article/med/7344105
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2141.1993.tb03033.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2141.1993.tb03033.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2141.1993.tb03033.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2141.1993.tb03033.x
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1365-2141.1997.1502965.x
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1365-2141.1997.1502965.x
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1365-2141.1997.1502965.x
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1365-2141.1997.1502965.x
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1365-2141.2000.02376.x
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1365-2141.2000.02376.x
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1365-2141.2000.02376.x
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1365-2141.2000.02376.x
https://journals.sagepub.com/doi/10.1177/1076029607303539
https://journals.sagepub.com/doi/10.1177/1076029607303539
https://journals.sagepub.com/doi/10.1177/1076029607303539
https://journals.sagepub.com/doi/10.1177/1076029607303539
https://link.springer.com/article/10.1007%2Fs12098-009-0297-5
https://link.springer.com/article/10.1007%2Fs12098-009-0297-5
https://link.springer.com/article/10.1007%2Fs12098-009-0297-5
http://www.haematologica.org/content/96/11/1605
http://www.haematologica.org/content/96/11/1605
http://www.haematologica.org/content/96/11/1605
http://www.haematologica.org/content/96/11/1605
https://ashpublications.org/blood/article/99/1/36/107240/The-hypercoagulable-state-in-thalassemia
https://ashpublications.org/blood/article/99/1/36/107240/The-hypercoagulable-state-in-thalassemia
https://onlinelibrary.wiley.com/doi/abs/10.1002/ajh.20549
https://onlinelibrary.wiley.com/doi/abs/10.1002/ajh.20549
https://onlinelibrary.wiley.com/doi/abs/10.1002/ajh.20549
https://onlinelibrary.wiley.com/doi/abs/10.1002/ajh.20549

	内容
	Arterial Thrombosis in Hb-E Beta Thalassemia: A Mystery Unrevealed
	Abstract
	Introduction
	Discussion
	Iron overload and target organ toxicity
	Gallstones
	Endocrine complication
	Damage to cardiac tissue
	Pulmonary hypertension
	Thrombosis and embolism
	Basic mechanisms for the hypercoagulable state in thalassemia

	Conclusion
	Acknowledgement
	References


