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# # 5374625130 : MAJOR MEDICINE
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X Background: Pulmonary arterial hypertension (PAH) is a common yet poorly known 

complication of thalassemia intermedia, compared to thalassemia major. Many factors affecting 

the development of PAH include biological consequences of hemolysis. 

X Objective: We aim to determine the effect of regular blood transfusion, which in turn, 

reduces biological consequences of hemolysis, on the incidence of PAH in patients with non-

splenectomized thalassemia intermedia.

X Materials and Methods: We conducted a cross-sectional study on 27 non-splenectomized 

thalassemia intermedia with beta thalassemia/hemoglobin E patients. They were divided into two 

groups (regular and occasional transfusion). Echocardiography had been performed in all patients. 

X Results: 13 patients had history of regular blood transfusion (>4/year) and 14 patients did 

not. There was one patient with PAH in regular transfusion group. Pulmonary artery systolic 

pressure were 25.08±6.2 mmHg and 27.13±5.6 mmHg in regular blood transfusion group and 

occasional transfusion group, respectively, and no statistical significance (p=0.9).

X Conclusion: The present study did not demonstrate the difference in incidence of PAH in 

patients with non-splenectomized thalassemia intermedia receiving regular or occasional 

transfusion. Study with greater sample size may have provided additional information.
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JH+4?H.I+ (pulmonary arterial hypertension) S*RB(@?2D#L9@?P'H4G(' "$#+.#L*+G#BHIGP'H4G('

J%B&-G+@*3 1G'H6'=RE6];+6O>H0 (gall stones) ?0G9-O+G*##-GK*"H3G*#E&L1%V?H1MV=?JGLD<S*RB/0H3-+G@?

E&L1G'HP%J9#G/L?6)*GG*#('H1UVO? S*RB1&%\G1G'6 (iron overload) S*RB&-RE)%L21&%R9-O+/0G/L*3

J%B<R* (heart failure) (*22* "H320$R*2#;6J#+J(G(@*+G-6D4E6J(@%B$6[6-8]

! J2LR@*G*##-GK*PIL4XR3G%;@260O)BDHL#-FG*#M-N6*2*G<AO6 J(@S*RBJ9#G/L?69*+#BFF&-RE)

3-+$+MFDHLE6?-(#*90=.I+[2] E6PIL4XR3G%;@21F(L*,*%-./01203 121)?#Z (beta thalassemia major) 2-G)B

MFS*RB&-RE)/0G/L*3%L21&%R/A=+1456P%)*GS*RB1&%\G90=1G'6E6#@*+G*3D4.B.2E61.L6E3G%L*216VO?

<?+&-RE)1?+J%BS*RB/0H)*G(-R"#$[9] .@R6PIL4XR3G%;@21F(L*,*%-./01203 ?'61(?#Z201H03 (beta 

thalassemia intermedia) G%-FMF$R*2P'H4G('<?+&-RE)/0G<R*J%BS*RB$R*2H-6&%?H1%V?H4?H

.I+ (pulmonary hypertension) .*2*#]MF$R*2U;G<?+$R*2P'H4G('H-+G%@*RDHL(-O+J(@#L?3%B 11-59 

1



[10-12] /A=+3-+D2@9#*F.*1&(;90=U-H1)6[13] E647));F-6MFR@*2047))-3F*+?3@*+20$R*2.-2M-6,ZG-F

S*RB pulmonary hypertension E6G%;@2PIL4XR31F(L*,*%-./01203 ?'61(?#Z201H03 DHLJG@ S*RB12\H1%V?H

JH+J(G(-R+@*3 (hemolysis)[14] G*#P@*(-H2L*2 (splenectomy)[15, 16] S*RB1%V?H20$;:.2F-('1.#'2

G*#J<\+(-R<?+1%V?H (hypercoagulable stage)[17, 18]

! E6PIL4XR3"#$"%&'()*+,*%-./0120390=20$R*2P'H4G('<?+"$#+.#L*+G#BHIGEF&6L* ?*)G@?E&L

1G'H478&*$R*2P'H4G('<?+G*#&*3E)90=1G0=3R<L?+G-FG*#6?6&%-F (sleep-related breathing 

disorder)[19] J%B"#$&3;H&*3E)<:B6?6&%-F (obstructive sleep apnea)[20] /A=+S*RBH-+G%@*R

?*)G@?E&L1G'HS*RB pulmonary hypertension DHL?0GHLR3[21]

! 6?G)*G60O 3-+20F*+G*#CAGK*J.H+$R*2.-2M-6,Z#B&R@*+G*#E&L1%V?H (blood transfusion) 

?*)U@R3%H$R*21.0=3+90=G@?E&L1G'HS*RB pulmonary hypertension (*22*DHL[10] /A=+?+$Z$R*2#ILH-+

G%@*R.*2*#]6>2*EUL4#B"3U6ZE6G*#R*+JP6.>&#-FHIJ%$6D<LE6G%;@2PIL4XR31F(L*,*%-./01203 

?'61(?#Z201H03 1MV=?%HP%J9#G/L?690=#;6J#+9*+HL*6#BFF&-RE)

(29:;,<016'=456>)<(?@2A

1.CAGK*P%<?+G*#E&L1%V?HE6#BH-F$R*2]0=90=J(G(@*+G-6(@?G*#1G'HS*RB pulmonary 

arterial hypertension E6G%;@2PIL4XR3"#$"%&'()*+U6'H1F(L*,*%-./01203/Y0"2"G%F'6 ?0 90=3-+D2@DHL#-F

G*#P@*(-H2L*2

2.CAGK*$R*2.-2M-6,Z<?+4#'2*:12\H1%V?HJH+90=206'R1$%03.J%BG*#1G'HS*RB pulmonary 

arterial hypertension E6PIL4XR3G%;@2"#$"%&'()*+U6'H1F(L*,*%-./01203/Y0"2"G%F'6 ?0 90=3-+D2@DHL#-F

G*#P@*(-H2L*2

'&:)*456>)<(?@2A

! $>]*2&%-G (primary research question)

! PIL4XR3"#$"%&'()*+U6'H1F(L*,*%-./01203/Y0"2"G%F'6 ?0 J%B3-+D2@DHL#-FG*#P@*(-H2L*2 90=20

4#BR-('DHL#-F1%V?HF@?3$#-O+GR@*.*2*#]%H$R*21.0=3+(@?G*#1G'HS*RB pulmonary arterial 

hypertension DHL12V=?14#03F1903FG-FPIL4XR3E6G%;@21H03RG-690=D2@204#BR-('DHL#-F1%V?H&#V?DHL#-F1%V?H

1456F*+$#-O+

! $>]*2#?+ (secondary research question)

1.PIL4XR3"#$"%&'()*+U6'H1F(L*,*%-./01203/Y0"2"G%F'6 ?0 J%B3-+D2@DHL#-FG*#P@*(-H2L*2 90=20

4#BR-('DHL#-F1%V?HF@?3$#-O+GR@* J%B#BH-FY0"2"G%F'6G@?6G*#DHL#-F1%V?H2*GGR@* 8 G#-2(@?1H/'%'(# 
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.*2*#]%H$R*21.0=3+(@?G*#1G'HS*RB pulmonary arterial hypertension DHL12V=?14#03F1903FG-FPIL4XR3

E6G%;@21H03RG-690=D2@204#BR-('DHL#-F1%V?H&#V?DHL#-F1%V?H1456F*+$#-O+

2.4#'2*:12\H1%V?HJH+90=206'R1$%03.20$R*2.-2M-6,ZG-FG*#1G'H pulmonary arterial 

hypertension E6PIL4XR3G%;@2"#$"%&'()*+U6'H1F(L*,*%-./01203/Y0"2"G%F'6 ?0 90=3-+D2@DHL#-FG*#P@*(-H

2L*2 &#V?D2@

><5!.%('()*'?BC%>)<(?@2A

45!+49456>)<(?@2A

! Target population &2*3]A+ PIL4XR3"#$"%&'()*+U6'H1F(L*,*%-./01203/Y0"2"G%F'6 ?0 E6

4#B19CD93

! Sample population &2*3]A+ PIL4XR3"#$"%&'()*+U6'H1F(L*,*%-./01203/Y0"2"G%F'6 ?0 90=2*

#-FG*#(#R)#-GK*90="#+M3*F*%);^*%+G#:ZJ%B"#+M3*F*%1)#'8G#;+4#BU*#-GKZ .>6-GG*#JM93Z 

G#;+19M2&*6$#
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! 16V=?+)*G3-+D2@20G*#CAGK*]A+$R*2U;G<?+S*RB pulmonary arterial hypertension E6G%;@2PIL

4XR3"#$"%&'()*+U6'H1F(L*,*%-./01203/Y0"2"G%F'6 ?0 90=1456,*%-./01203 ?'61(?#Z201H03 J%B3-+D2@DHL

#-FG*#(-H2L*2 G*#CAGK*60O)A+1456G*#CAGK*6>#@?+ (pilot study) "H3G>&6H<6*H(-R?3@*+DRLG%;@2%B 

13 $6

! (-RJ4#?'.#B $V? 4#'2*:1%V?H90=PIL4XR3DHL#-FJ%B4#'2*:12\H1%V?HJH+90=206'R1$%03.

! (-RJ4#(*2 $V? $@* tricuspid regurgitation velocity &#V? pulmonary artery systolic 

pressure 90=DHL)*GG*#(#R) echocardiography

! (-RJ4#GR6 (confounding factor) DHLJG@ ?*3; G*#DHL#-F3*<-F1&%\G G*#DHL#-F3* aspirin J%B 

hydroxyurea S*RB1%V?H20$;:.2F-('1.#'2G*#J<\+(-R<?+1%V?H S*RB12\H1%V?HJH+J(G(-R+@*3

4D59>/6+!EF569D%

! E6G%;@2PIL4XR3"#$"%&'()*+U6'H1F(L*,*%-./01203/Y0"2"G%F'6 ?0 90=DHLD2@#-FG*#(-H2L*2 )B20

$R*2P'H4G('<?+S*RB1.#'2G*#J<\+(-R<?+1%V?HJ%BS*RB12\H11%V?HJH+J(G(-RM?T G-6

4D5@&>2B456>)<(?@2A

! 16V=?+)*GG*#(#R) echocardiography 1456G*#(#R)90=<AO6G-FPIL9>G*#(#R)J%BE6G*#CAGK*

?*)20PIL9>G*#(#R)&%*3$6 ?*)9>E&LP%J(G(@*+G-6DHLE6J(@%BF;$$% G*#3V63-6P%G*#(#R)"H3

?*)*#3Z&6@R3"#$&-RE) "#+M3*F*%);^*%+G#:Z )B9>E&LDHLP%G*#(#R)90=J2@63>2*G<AO6

! 6?G)*G60O G*#CAGK*2;@+16L6D490=4#BU*G#$6D<L90=1456"#$"%&'()*+U6'H1F(L*,*%-./01203/  

Y0"2"G%F'6 ?0 90=1456,*%-./01203 ?'61(?#Z201H03 J%BD2@DHL#-FG*#P@*(-H2L*2 H-+6-O6 ?*)6><L?2I%G*#

CAGK*D4EULG-F$6D<L"#$"%&'()*+1F(L*,*%-./01203U6'H?V=6 "H31QM*BPIL4XR390=DHL#-FG*#(-H2L*2D4

J%LRD2@DHL

'&@&>2B'()*"#$CGDC%>)<(?@2A

! PIL4XR3G%;@2"#$"%&'()*+U6'H1F(L*,*%-./01203/Y0"2"G%F'6 ?0 90=1<L*2*E6G*#CAGK* &2*3]A+    

PIL4XR3"#$"%&'()*+1F(L*,*%-./0120390=#-FG*#(#R) hemoglobin electrophoresis DHLP%1456 Hb EF 

&#V? Hb EFA J%B1456$6D<LE6G%;@2,*%-./01203 ?'61(?#Z201H03

! PIL4XR3G%;@2,*%-./01203 ?'61(?#Z201H03 &2*3]A+ PIL4XR3G%;@21F(L*,*%-./0120390=20#BH-F             

Y0"2"G%F'64#B2*: 6-10 G#-2/1H/'%'(# E6U@R+#B3B90=D2@DHL#-F1%V?H #@R2G-F204#BR-('DHL#-F1%V?H

1456F*+1R%*"H31QM*BU@R+90=20$R*21)\F4XR3 (transfusion independent) J%B1456G*#DHL#-F1%V?H&%-+
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)*G?*3; 2 4[ PIL4XR3G%;@260O?*)20$R*2P'H4G('<?+#I4#@*+G#BHIGF#'1R:EF&6L* J%B202L*2"(#@R2HLR3

[13, 22]

! G*#(#R)&*S*RB pulmonary arterial hypertension E6G*#CAGK*  DHL)*GG*#(#R) 

echocardiography 12V=?MF pulmonary artery systolic pressure 2*GGR@* 37 2'%%'12(#4#?9 <:BM-G 

&#V?E6#*390=20<L?F@+U0OE6G*#9>.R6&-RE)/0G<R* (right heart catheterization) J%BMFR@*20 mean 

pulmonary arterial pressure 2*GGR@*&#V?19@*G-F 25 2'%%'12(#4#?9 <:BM-G[23]

! S*RB pulmonary arterial hypertension &2*3]A+ $6D<L90=20S*RB pulmonary hypertension 

"H3D2@DHL20478&*2*)*GS*RB&-RE)/0G/L*3%L21&%R&#V?S*RB&-RE)M'G*#J(@G>16'H D2@204#BR-('"#$

4?H1#VO?#-+&#V?"#$%'=21%V?H?;H(-6E6&%?H1%V?H4?H1#VO?#-+ D2@DHL#-FG*#(-H2L*2

! PIL4XR3E6G%;@21F(L*,*%-./01203/Y0"2"G%F'6 ?0 90=1<L*#@R2E6G*#CAGK*J%BDHL#-F1%V?HF@?3 

(regular blood transfusion) )>1456(L?+204#BR-('DHL#-F1%V?H?3@*+.2=>1.2??3@*+6L?3 1 $#-O+ 9;GT 1-3 

1HV?6(@?4[<AO6D4[10] ('H(@?G-614561R%*?3@*+6L?3 3 4[ G@?61<L*#-FG*#(#R) echocardiography

! #BH-FY0"2"G%F'6G@?6G*#DHL#-F1%V?H2*GGR@* 8 G#-2(@?1H/'%'(#E6G%;@2PIL4XR390=DHL#-F11%V?H

.2=>1.2? DHL)*G4#BR-('G*#(#R)1%V?HE61RU#B1F036 J%BMFR@*20#BH-FY0"2"G%F'6G@?6G*#E&L

1%V?H2*GGR@* 8 G#-2(@?1H/'%'(# ?3@*+6L?3.?+$#-O+E61R%* 1 4[

! PIL4XR390=20"#$&3;H&*3E)<:B6?6&%-F &2*3]A+ PIL4XR390=DHL(?FJFF.?F]*2 Epworth 

sleepiness scale J%BDHL$BJ662*GGR@* 10 #@R2G-FG*#(#R)3V63-6P%HLR3G*#9> polysomnography 

J%BMFR@*20$@*H-U60&3;H&*3E)-&*3E)JP@R (apnea-hypopnea index, AHI) 2*GGR@*&#V?19@*G-F 5[24]

,<0HAG%="#$')B(I)@0JBD<2!

! 9>E&L9#*F]A+.-2M-6,Z<?+4#'2*:G*#E&L1%V?H(@?G*#1G'HS*RB pulmonary arterial 

hypertension E6G%;@2PIL4XR3"#$"%&'()*+U6'H1F(L*,*%-./01203/Y0"2"G%F'6 ?0 90=1456,*%-./01203 

?'61(?#Z201H03 J%B3-+D2@DHL#-FG*#(-H2L*2 1MV=?6>D4EULE6G*#R*+JP6G*##-GK*PIL4XR3G%;@21F(L*,*%-.

/01203/Y0"2"G%F'6 ?0 E6?6*$( J%B.*2*#]$L6&*$R*2U;G<?+S*RB pulmonary arterial 

hypertension E6G%;@2PIL4XR390=?3I@E6G*#CAGK*DHL?0GHLR3

(?K#B&+%?%>)<(?@2A

1.U0OJ)+R-(];4#B.+$Z <-O6(?6G*#R')-3 4#B"3U6Z90=PIL4XR3)BDHL#-F #R2]A+P%<L*+1$03+90=?*)

1G'H<AO6 &%-+)*GDHL#-FG*#3'63?2)*GPIL4XR3J%LR )A+H>16'6G*#E6<-O6(?6(@?D4

2./-G4#BR-(' (#R)#@*+G*3J%B(#R)1%V?H1M'=21('2(*2JFFF-69AG<L?2I% (*2G_1G:`ZG*#

$-H1%V?GPIL4XR31<L*J%B??G
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3.$-H1%V?GPIL4XR3(*2G_1G:`ZG*#$-H1%V?GPIL4XR31<L*J%B??G PIL4XR390=P@*61G:`Z$-H1%V?G)B

]IG6>1<L*.I@G*#CAGK*(@?D4

4.(#R).?FJ%BF-69AG4#BR-('G*#(#R)#-GK*E6?H0()*G1RU#B1F036PIL4XR3"#+M3*F*%

);^*%+G#:ZJ%B"#+M3*F*%90=PIL4XR31$3D4#-FG*##-GK*

5.6-H(#R)1?G/1#3Z4?H $%V=6DWWa*&-RE) J%B echocardiography 1MV=?R-H$R*2H-6&%?H

1%V?HJH+4?HJ%B$L6&*S*RB pulmonary arterial hypertension

6.6-H(#R).R6&-RE)/0G<R* E6#*390=.+.-3E6G*#R'6')Q-3&#V?20$R*2)>1456(*2<L?F@+U0O 

1MV=?R-H$R*2H-6&%?H1%V?HJH+4?HJ%B$L6&*S*RB pulmonary arterial hypertension

7.1G\F#RF#R2<L?2I%J%BJ4%P%
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!""#$  2

+5>1)<./06)%(?@2A"#$+>#$A(4D56

.%('?B./0"LMN#

! S*RB pulmonary hypertension 1456S*RB90=#@*+G*3(?F.6?+(@?$R*2P'H4G('F*+?3@*+ 90=

.@+P%E&L&%?H1%V?HE64?H20$R*2(L*69*61M'=2<AO69>E&L$@*$R*2H-61Q%0=3&%?H1%V?HJH+E64?H 

(mean pulmonary arterial pressure) 2*GGR@* 25 2'%%'12(#4#?9 "H3R-H)*GG*#.R6&-RE) (right 

heart catheterization)[23] J(@47));F-6G*#R-H$R*2H-6&%?H1%V?H4?H)*GG*#(#R)HLR3$%V=61.03+

.B9L?6&-RE)$R*2]0=.I+ (echocardiography) 1MV=?R-H$R*21#\R<?+G#BJ.1%V?H90=D&%P@*6%'O6&-RE)

D(#$-.4bH (tricuspid valve) 1MV=?$>6R:&* pulmonary artery systolic pressure 145690=6'322*G<AO6 

J(@E6PIL4XR390=)>1456(L?+DHL#-FG*#R'6')Q-390=J6@6?6&#V?1MV=?G*##-GK*90=)>1M*B )>1456)B(L?+DHL#-F

G*#(#R)"H3R',0G*#.R6&-RE)(@?D4

! 47));F-6 20G*#JF@+S*RB pulmonary hypertension ??G1456 5 G%;@2 1MV=?E&LD2@.-F.6J%B+@*3

(@?G*#R*+JP6G*##-GK* $V?

1.Pulmonary arterial hypertension &#V? S*RB$R*2H-6&%?H1%V?HJH+4?H.I+ /A=+JF@+??G

1456G%;@290=D2@9#*F.*1&(;G*#1G'H "H3?*)204#BR-('$#?F$#-R#@R2HLR3DHL J%B?0GG%;@2MF#@R2G-F

G*#R'6')Q-3"#$?V=6T 90=D2@EU@"#$<?+&%?H1%V?HJH+4?H"H3(#+ 1U@6 "#$&-RE)P'H4G('J(@G>16'H 

)69>E&L20S*RB left to right shunt G*#('H1UVO?"#$1?U D? R0 "#$(-F1#VO?#-+)620S*RB portal 

hypertension (*22* "#$"%&'()*+,*%-./01203 1456(L6

2.pulmonary hypertension )*GS*RB&-RE)HL*6/L*3R*3

3.Pulmonary hypertension )*G"#$#BFFG*#&*3E) 2-G20$R*2.-2M-6,ZG-F$R*2#;6J#+

<?+"#$E64?HJ%B20S*RB??G/'1)6E61%V?H(=>1#VO?#-+

4.Pulmonary hypertension )*GS*RB%'=21%V?H?;H(-6E6&%?H1%V?HJH+4?H1#VO?#-+

5.Pulmonary hypertension 90=3-+D2@9#*F.*1&(;U-H1)6&#V??*)P@*6G%DG&%*3?3@*+ 1U@6 

S*RB&%-+G*#(-H2L*2

>/J>>)<+>?BH<'

! 3-+D2@9#*F]A+G%DGG*#1G'HS*RB pulmonary arterial hypertension 90=J9L)#'+ 1UV=?R@*1G'H)*G

&%*3.*1&(; .@+P%E&L20$R*2D2@.2H;%3Z<?+G*#1G'H&%?H1%V?HJH+4?H&H(-RJ%B<3*3(-R "H320

.*#1$20&%*3U6'H1456(-RG*#90=.>$-8 #@R2G-F20G*#.#L*+J%B<3*3(-R<?+1/%%ZF#'1R:&%?H1%V?H

JH+4?H90=P'H4G(' 1G'HG*#14%0=36J4%+9*+"$#+.#L*+<?+&%?H1%V?HJH+4?H "H3$R*2P'H4G('90=
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1G'H<AO6MFDHL9-O+ smooth muscle cell J%B endothelial cell 6?G)*G60O3-+20G*#14%0=36J4%+<?+ 

matrix protein 1G%\H1%V?H #R29-O+1/%%Z90=G#B(;L6E&L1G'HG*#?-G1.F 9>E&L1G'HG*#.#L*+J%B)-H1#03+(-R

E&2@<?+P6-+&%?H1%V?HJH+4?H 9-O+&2H.@+P%E&L1G'H$R*2P'H4G('<?+&%?H1%V?HJH+4?HE6     

PIL4XR390=20S*RB pulmonary arterial hypertension[23] E6PIL4XR3F*+#*3MFR@*20$R*2.-2M-6,ZG-F$R*2

P'H4G('9*+M-6,;G##2 DHLJG@ bone morphogenetic protein receptor (2BMPR-II) mutation J%B 

activin receptor-like kinase type-1 (ALK-1) gene mutation

! E647));F-6MFR@*20.*#1$20&%*3U6'H90 =20P%(@?G*#1G'HS*RB pulmonary arterial 

hypertension .*#1$2090=.>$-8 DHLJG@

1..*# prostacyclin 1456.*#90=G#B(;L6E&L1G'HG*#<3*3(-R<?+1.L61%V?H ?0G9-O+3-+.*2*#]%H

G*#1G'HG*#)-F(-R<?+1G%\H1%V?H[25] MFR@*G*#.#L*+.*# prostacyclin %H%+E6PIL4XR390=20S*RB 

pulmonary arterial hypertension[26] E6<:B90=.*# thromboxane A2 .#L*+)*G1/%%Z&%?H1%V?H

JH+1U@61H03RG-F prostacyclin J(@??Gc9,'d(#+G-6<L*2 6-=6$V? .@+1.#'2E&L&%?H1%V?HJH+4?H&H(-R

J%BG#B(;L6E&L1G'HG*#)-F(-RG-6<?+1G%\H1%V?H[25] 20#BH-F1M'=2<AO6E6PIL4XR3G%;@260O[26]

2..*# endothlin-1 1456.*#1$20?0G(-R&6A=+90=1.#'2G*#1G'H&%?H1%V?HJH+4?H&H(-R J%B

G#B(;L6G*#.#L*+1/%%ZG%L*216VO?1#03F<?+&%?H1%V?HJH+[27] /A=+204#'2*:90=2*G<AO6E6PIL4XR390=20

S*RB pulmonary arterial hypertension[28]

3..*# nitric oxide 1456.*#90=.>$-890=U@R3%HG*#1G'HS*RB pulmonary arterial hypertension 

"H3.*# nitric oxide 20&6L*U@R3E&L1G'HP6-+&%?H1%V?HJH+4?H$%*3(-R %HG*#1G'HG*#)-F(-R<?+

1G%\H1%V?H J%B%HG*#.#L*+1/%%ZG%L*216VO?1#03F<?+&%?H1%V?HJH+ MFR@*204#'2*:%H6L?3%+E6PIL

4XR3G%;@260O[29]

5)>)<./05)>)<.1B6

! ?*G*#90=MF.@R6E&8@J%B2-G)BD2@1QM*B1)*B)+ DHLJG@ ?*G*#1&6V=?3 ?@?61M%03 <*FR2 

J6@69L?+ 1)\F&6L*?G 1456%2&2H.(' ]L*MFR@*20?*G*#<:BM-G3'=+J.H+]A+$R*2#;6J#+90=2*G<AO6 

.@R6G*#(#R)#@*+G*390=2-GMFDHLF@?3 $V? 201.L61%V?HH>90=$?"4X+$%>DHL 20&-RE)&L?+<R*"( 20 left 

parasternal lift 201.03+&-RE) P2 H-+ 201.03+ tricuspid regurgitation murmur ?*)(#R)DHLR@*20(-F"( 

J%B20<*9-O+.?+<L*+FR2 6?G)*G60O?*)(#R)DHLMF$R*2P'H4G(')*G"#$&#V?S*RB?V=6T 90=1456

.*1&(;<?+S*RB pulmonary arterial hypertension DHL 1U@6 cutaneous telangiectasia J%B 

sclerodactyly E6 scleroderma &#V? 1%\F4;a2 )*G"#$&-RE)M'G*#J(@G>16'H&#V?"#$(-F1#VO?#-+ /A=+MFDHL

D2@F@?3E6G%;@2PIL4XR3 primary pulmonary arterial hypertension[30]
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>)<(?%?@O2A

! G*#EUL1$#V=?+(#R)$%V=6DWWa*&-RE) .*2*#]EULU@R3.6-F.6;6G*#R'6')Q-3S*RB&%?H1%V?H

JH+4?H.I+DHL "H31QM*B?3@*+3'=+12V=?(#R)MFR@*20 right ventricular hypertrophy J%B strain &#V?

MF%-GK:B<?+ right atrial dilatation #R2HLR3 (#I490= 1) /A=+.*2*#]MFDHL4#B2*: 80%[31] E6

G%;@2PIL4XR3 6?G)*G60O3-+MFG*#1(L6<?+&-RE)90=P'H4G('9-O+ atrial fibrillation J%B atrial flutter       

DHL[32]

S*M90= 1  S*M$%V=6DWWa*&-RE)90=J.H+]A+S*RB&-RE)/0G<R*"(

S*M90= 2  S*MG*#(#R)

1?G/1#3Z4?H<?+PIL4XR390=

20S*RB pulmonary 

arterial hypertension MF

R@*20 pulmonary trunk "( 

(%IGC#)
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! G*#(#R)1?G/1#3Z4?H.*2*#]U@R3E6G*#R'6')Q-3J3GS*RB pulmonary hypertension 90=1G'H

)*G"#$4?H1#VO?#-+DHL .@R6$R*2P'H4G('90=MFDHLF@?3)*GG*#(#R)1?\G/1#3Z4?H $V? pulmonary 

trunk "( 20&L?+&-RE)/0G<R*"([23] (#I490= 2)

! G*#(#R)HLR3 echocardiography 14561$#V=?+2V?90=.>$-8E6G*#R'6')Q-3S*RB pulmonary  

hypertension 6?G)*G9>DHLJM#@&%*3J%B1456R',0G*#(#R)90=D2@?-6(#*3 G*#(#R)&-RE)HLR3 

echocardiography 3-+EUL4#B12'6$R*2#;6J#+<?+S*RB pulmonary hypertension J%B3-+?*)EULU@R3

J3G"#$&-RE)/0G/L*3/A=+?*)1456.*1&(;<?+90=MFDHLF@?3

! G*#(#R) echocardiography E6PIL4XR390=20S*RB pulmonary arterial hypertension 90=.>$-8

DHLJG@ G*#R-H$@*$R*2H-61%V?HE6&-RE)&L?+<R* (right heart pressure) /A=+G*#R-H90=.>$-84#BG?F

HLR3

1.right atrial pressure (RAP)

2.pulmonary artery systolic pressure (PASP)

3.pulmonary artery end-diastolic pressure (PAEDP)

4.mean pulmonary arterial pressure (mPAP)

! G*#(#R)R-H$@* right atrial pressure 9>DHL"H3G*#R-H<6*H1.L6P@*6CI63ZG%*+<?+ inferior 

vena cava (IVC) 90=(>J&6@+&@*+)*G);H1UV=?2(@?G-F right atrium 4#B2*: 0.5-3 1/6('12(# E69@* 

subcostal view[33] (#I490= 3) J%BHIG*#14%0=36J4%+<?+<6*H inferior vena cava #B&R@*+G*#

&*3E)1<L*??G (respiratory collapse) 1MV=?6>D44#B12'6 right atrial pressure[34, 35] H-+(*#*+90= 1

#I490= 3  S*MJ.H+G*#(#R) echocardiography 1MV=?R-H<6*H1.L6P@*6CI63ZG%*+<?+ IVC 1MV=?EUL

4#B12'6 RAP
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<6*H IVC (cm) respiratory collapse (%) RAP (mmHg)

< 2 > 50% collapse 5

< 2 < 50% collapse 10

> 2 > 50% collapse 15

> 2  < 50% collapse 20

(*#*+90= 1 J.H+G*#4#B12'6$@* RAP "H3EUL<6*HJ%BG*#14%0=36J4%+<?+ IVC

! G*#4#B2*:$@*$R*2H-6&%?HJ%V?HJH+4?H6-O6<AO6G-FG*#(#R))-F$R*21#\R<?+G#BJ.

<?+G*#D&%<?+1%V?H90=P@*6%'O6D(#$-.4bH "H3EUL&%-GG*#<?+ simplified Bernoulli equation 1MV=?6>

2*4#B12'6&*$@*$R*2J(G(@*+<?+$R*2H-61%V?H#B&R@*+&L?+&-RE) (pressure gradient of tricuspid 

regurgitation)[23]

e P = 4 V2

! "H3 e P $V? $R*2J(G(@*+<?+$R*2H-61%V?H#B&R@*+&L?+&-RE)

!        V $V? $@*$R*21#\R1%V?H90=P@*6#I14bH#B&R@*+&L?+&-RE)

! &%-+)*G6-O6)A+6>$@*$R*2J(G(@*+<?+$R*2H-61%V?H#B&R@*+&L?+&-RE)2*$>6R:(@? "H3

4G(' $R*2J(G(@*+<?+$R*2H-61%V?H#B&R@*+&-RE)&L?+ right ventricle J%B right atrium E6U@R+90=

&-RE)20G*#F0F(-R)B19@*G-F pressure gradient across tricuspid valve H-+6-O6 .*2*#]&*$@*$R*2H-6

&-RE)&L?+ right ventricular <:BF0F(-R &#V? right ventricular systolic pressure (RVSP) DHL)*G

e PTR= RVSP - RAP

RVSP = e PTR + RAP

! /A=+$@* right ventricular systolic pressure E6$64G(' )B4#B2*:19@*G-F pulmonary artery 

systolic pressure 6-O61?+
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#I490= 4  S*MJ.H+G*#(#R) doppler echocardiography 1MV=?4#B2*:$@*$R*2H-6&%?HJ%V?HJH+

4?H)*GG*#R-H$@* peak tricuspid regurgitation velocity /A=+20$@*19@*G-F 2.50 12(#(@?R'6*90 12V=?6>

2*$>6R:1456$@* PASP (J%B#R2G-F$@* RAP 90=20$@*19@*G-F 5 2'%%'12(#4#?9) )BDHL4#B2*: 30 

2'%%'12(#4#?9 

! .@R6G*#4#B12'6&*$@* pulmonary artery end-diastolic pressure 6-O6 EUL&%-GG*#1H03RG-F

G*#$>6R:&*$@* pulmonary artery systolic pressure /A=+G*#$>6R:$@* pulmonary artery end-

diastolic pressure 6-O61456G*#R-H$R*2H-61%V?HE6U@R+&-RE)$%*3(-R "H3?*C-3 pulmonary 

regurgitation jet $@*$R*2J(G(@*+<?+$R*2H-61%V?H#B&R@*+ pulmonary artery G-F&-RE)&L?+ right 

ventricle E6U@R+.'O6.;HG*#$%*3(-R<?+&-RE))B20$@*19@*G-F pressure gradient across pulmonary 

valve E6U@R+.'O6.;HG*#$%*3(-R<?+&-RE) .*2*#]$>6R:DHL)*G pulmonary regurgitation jet H-+

.I(#(@?D460O

PAEDP – RVEDP = ePPR

PAEDP = ePPR + RAP

! "H3 right ventricular end-diastolic pressure (RVEDP) )B20$@*4#B2*:19@*G-F right atrial 

pressure
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! .>&#-F$@* mean pulmonary arterial pressure 6-O6.*2*#]&*DHL)*G$@*$R*2H-61Q%0=390=EULG-6

9-=RD4 $V?

mPAP = PAEDP + [1/3 (PASP – PAEDP)]

! .@R61G:`ZG*#R'6')Q-3S*RB pulmonary hypertension EULP%<?+G*#(#R)&-RE)HLR3 

echocardiography J%BMFR@*20$@*  tricuspid regurgitation velocity 2*GGR@* 2.9 12(#(@?R'6*90&#V? 

pulmonary artery systolic pressure 2*GGR@* 37 2'%%'12(#4#?9 #@R2G-F20$R*2P'H4G('?V=6T 1U@6 

right ventricular hypertrophy[23]

! G*#(#R)3V63-6G*#R'6')Q-3S*RB pulmonary hypertension 6-O6 EULG*#(#R)"H3G*#.R6

&-RE)<L*+<R* (right heart catheterization) J%BEUL$@* mean pulmonary arterial pressure )*GG*#

.R6&-RE)<L*+<R*90=2*GGR@* 25 2'%%'12(#4#?9 14561G:`ZG*#R'6')Q-3 G*#.R6&-RE)<L*+<R*20

$R*2)>1456E6PIL4XR3&%*3#*3 1MV=?U@R3E6G*#R'6')Q-390=J6@6?6J%B3-+EUL(#R) vasoactivity test ?0G

9-O+G*#.R6&-RE))B9>E&L9#*F]A+S*RB hemodynamic J%B$R*2P'H4G('E6&-RE)&L?+(@*+T DHL[23]

! .@R6"#$"%&'()*+1F(L*,*%-./01203 (beta thalassemia) 1456"#$90=1G'H)*G$R*2P'H4G('9*+

M-6,;G##2 9>E&L20G*#.#L*+.*#1F(L*"G%F'6%H%+ G@?E&L1G'H$R*2P'H4G('<?+Y0"2"G%F'6 J%B20P%

(@??R-3RB(@*+T (*22* /A=+"#$"%&'()*+U6'H60OMFDHLE6&%*34#B19C9-=R"%G#R29-O+4#B19CD93

! G%DGG*#1G'H$R*2P'H4G('90 =.>$-8 1456P%2*)*GG*#J(G(-R<?+12\H1%V?HJH+J%B 

ineffective erythropoiesis /A=+6?G)*G9>E&L1G'HS*RB/0HJ%LR3-+.@+P%(@?$R*2P'H4G('(@??R-3RB

?V=6T 1U@6 &-RE) (@?2D#L9@?(@*+T J%BG#BHIG

! ?*G*#<?+"#$60O20$R*2&%*G&%*316V=?+)*G$R*2P'H4G('9*+M-6,;G##2&%*3?3@*+.@+P%

(@?$R*2#;6J#+<?+"#$ .*2*#]JF@+?*G*#(*2$R*2#;6J#+<?+"#$??G1456 3 G%;@2 $V?

1.thalassemia major

2.thalassemia intermedia

3.thalassemia minor

! E6G%;@290=1456,*%-./01203 ?'61(?#Z201H03 ?*G*#<?+"#$)B?3I@E6#BH-F90=D2@#;6J#+ .@R6E&8@

2-G2*MFJM93Z12V=?&%-+)*G20?*3; 2-6 4[ "H39-=RD4$6D<LG%;@260O)B20#BH-FY0"2"G%F'6?3I@90= 6-10 G#-2

(@?1H/'%'(# J%BD2@)>1456(L?+DHL#-F1%V?H?3@*+.2=>1.2? (transfusion independent) .*2*#](#R)

MF$R*2P'H4G('<?+G#BHIGEF&6L*  J%B2-G202L*2"(#@R2HLR3[13, 22] /A=+#BH-F$R*2#;6J#+<?+"#$

6-O6)B<AO6G-F$R*2P'H4G('<?+G*#.#L*+.*31F(L* "G%F'690=#@*+G*3P%'(<AO62* )*GP%<?+$R*2P'H

4G('H-+G%@*R6-O69>E&L1G'H$R*2J(G(@*+G-6D4E6PIL4XR3J(@%B$6 DHLJG@[22]

1.Mild forms of β-thalassemia 1G'H$R*2P'H4G('<?+.*3M-6,;G##2E6G*#.#L*+.*31F(L* 

"G%F'6 J(@3-+.*2*#].#L*+.*31F(L*"G%F'690=4G('DHLM?$R#
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•Homozygosity for mild β+-thalassemia alleles

•Compound heterozygosity for two mild β+-thalassemia alleles

2.Inheritance of α- and β-thalassemia 20$R*2P'H4G('<?+G*#.#L*+.*3J?%WX* "G%F'6 

#@R2HLR3 9>E&L.*3J?%WX* "G%F'6.@R61G'690=D2@DHL)-FG-F.*31F(L* "G%F'66-O6204#'2*:%H

%+

•β+-thalassemia with α0-thalassemia or α0-thalassemia

•β+-thalassemia with genotype of Hgb H disease

3.β-thalassemia with elevated γ-chain synthesis 16V=?+)*G20G*#.#L*+1F(L* "G%F'6%H%+ 

E6PIL4XR3G%;@260O)B20G*#.#L*+.*3JG22* "G%F'6 1MV=?2*9HJ96 9>E&L1G'H$R*2P'H4G('<?+

12\H1%V?H(*22*

•Homozygous β-thalassemia with heterocellular hereditary persistence of fetal 

hemoglobin

•Compound heterozygosity for β-thalassemia and deletion forms of hereditary 

persistence of fetal hemoglobin

4.Compound heterozygosity for β-thalassemia and β-chain variants

•Hgb E/β-thalassemia

•other interactions with rare β-chain variants

5.Heterozygous β-thalassemia with triplicated or quadruplicated α-chain genes MFR@*20

$R*2P'H4G('<?+.*3J?%WX* "G%F'6 "H320.*3M-6,;G##21456 ααα &#V? αααα 

#@R2HLR3

6.Dominants forms of β-thalassemia 1G'H)*G$R*2P'H4G('9*+M-6,;G##2E6G*#.#L*+.*3

1F(L* "G%F'6JFF de novo 2-GMFE6PIL4XR3,*%-./01203 ?'61(?#Z201H0390=D2@204#BR-('"#$"%&'(

)*+,*%-./01203E6$#?F$#-R1%3

! .>&#-F4#B19CD93 MFR@*)>6R64#BU*G#90=1456"#$"%&'()*+G%;@21F(L*,*%-./01203/Y0"2"G

%F'6 ?0 MFDHL4#B2*:#L?3%B 4-53 <?+4#BU*G#D93[5] (*2J(@%BMVO690= /A=+]V?1456478&*9*+

.*,*#:.;<90=.>$-8 6?G)*G60O?+$ZG*#?6*2-3"%G3-+$*HG*#:ZR@*4#B19CD93)B20$6D<LG%;@21F(L*

,*%-./01203/Y0"2"G%F'6 ?0 )B1M'=2<AO64#B2*: 100,000 $6 E6?0G 10-20 4[<L*+&6L*[5] G*#E&LG*#

R'6')Q-3G%;@2"#$H-+G%@*R.*2*#]1#'=2E6PIL4XR390=MFR@*20<6*H12\H1%V?HJH+90=1%\GGR@*4G(' /A=+"H3

9-=RD42-GEUL$@* mean corpuscular volume (MCV) 90=6L?3GR@* 80 1W2"(%'(# &%-+)*G6-O6.*2*#].@+

1%V?HPIL4XR31MV=?(#R) hemoglobin analysis 1MV=?F?GU6'H<?+"#$"%&'()*+,*%-./01203(@?D4

! G*#(#R) hemoglobin analysis 1456G*#(#R).*#Y0"2"G%F'6/A=+1456P%'(P%<?+.*#

M-6,;G##29>E&L.*2*#]F@+U0O]A+$R*2P'H4G('E6#BH-FM-6,;G##2DHLH0 G*#.@+(#R)H-+G%@*REUL&%-G

$R*2J(G(@*+<?+4#B);DWWa*#R2<?+G#H?B2'"690=4#BG?FG-61456"4#(06J(@%BU6'H 12V=?6>

"4#(0690=DHL2*R'=+E6.6*2DWWa* "4#(061&%@*60O)B.*2*#]R'=+DHLE6?-(#*90=J(G(@*+G-6<AO6G-F<6*H
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J%B4#B);#R2<?+"4#(06U6'H6-O6T J%BS*RB$R*21456G#HJ%BH@*+<?+.*#%B%*390=1456(-RG%*+

6>DWWa* &#V?1#03GR@* hemoglobin electrophoresis 9>E&L.*2*#](#R)MFJ]FY0"2"G%F'6J%BJ3G

U6'HY0"2"G%F'6DHL J(@F*+$#-O+)BMFR@*J]FY0"2"G%F'6F*+U6'H90=J3GDHL?*)?3I@U'H('HG-62*G)6D2@

.*2*#]F?GDH LU -H1)6R @*14 56J]FY 0"2"G%F'6U6'HEH ) A+2 0G*#6>R ', 0 "$#2*"(G#*W [ 

(chromatography) 2*EULE6G*#R'1$#*B&Z"4#(06"H3E&L.*#"4#(06(@*+T R'=+D4F6$?%-26Z90=204#B);

1456%F#@R2G-FG*#EUL.*#%B%*390=20$R*2J#+<?+4#B);90=1&2*B.21MV=?9>G*#UBE&LY0"2"G%F'6

J(@%BU6'Hs&%;H??G2*E6#B3B1R%*90=G>&6H )A+.*2*#]#BF;U6'H<?+Y0"2"G%F'6DHL J%B3-+

.*2*#]$>6R:&*4#'2*:<?+Y0"2"G%F'6J(@%BU6'HDHLP%90=J2@63>2*G<AO61#03GR',0G*#60OR@* high-

performance liquid chromatography (HPLC)[36] (#I490= 5)

#I490= 5 J.H+G*#(#R) hemoglobin analysis "H3R',0 high-performance liquid chromatography

! .>&#-F"#$"%&'()*+1F(L*,*%-./01203/Y0"2"G%F'6 ?0 G*#(#R) hemoglobin analysis HLR3R',0 

HPLC DHLP%1456 Hb EF ("H320#BH-F HbE 4#B2*: 15-40% J%B HbE 4#B2*: 40-60%) &#V? Hb 

EFA ("H320#BH-F HbE 4#B2*: 10-30% J%B HbE 4#B2*: 20-50%)

! S*RB pulmonary arterial hypertension 1456$R*2P'H4G('9*+#BFF&-RE)90=MFDHLF@?3E6    

PIL4XR3,*%-./01203 ?'61(?#Z201H03 J%B1456.*1&(;&%-G90=.>$-890=9>E&L1G'HS*RB&-RE)%L21&%R(*22* 

G%DGG*#1G'HS*RB pulmonary arterial hypertension E6PIL4XR3,*%-./01203 ?'61(?#Z201H03 1UV=?R@*1G'H

)*GG*#90=201/%%Z12\H1%V?HJH+J(G(-R 9>E&L20G*#4%@?3.*# free hemoglobin /A=+)BD4%H4#'2*:

.*# nitric oxide %+[37] ?0G9-O+3-+201?6D/2Z arginase 1456.*#90=)B3@?3.%*3.*# L-arginine /A=+1456
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.*#90=EULE6G*#.-+1$#*B&Z nitric oxide [38] 9-O+.?+G%DG.@+P%E&L1G'HS*RB pulmonary arterial 

hypertension (*22* (#I490= 3)

#I490= 6  #I4J.H+G%DGG*#1G'HS*RB pulmonary arterial hypertension )*GS*RB12\H1%V?HJH+J(G(-R

+@*3E6PIL4XR3"#$"%&'()*+,*%-./01203

! 6?G)*G60O3-+20P%G*#CAGK*90=J.H+E&L1&\6]A+$R*2.-2M-6,ZG-FG*#(-H2L*23-+145647))-31.0=3+

90=.>$-890=.@+P%E&L1G'HS*RB pulmonary hypertension DHLE6PIL4XR3"#$"#$"%&'()*+1F(L*,*%-./01203

[10, 16] E6<:B90=3-+20F*+G*#CAGK*J.H+$R*2.-2M-6,Z#B&R@*+G*#E&L1%V?H (blood transfusion) 

.*2*#]U@R3%H$R*21.0=3+90=G@?E&L1G'HS*RB pulmonary hypertension (*22*[10]

+5>1)<./06)%(?@2A"#$+>#$A(4D56

! E64[ MC.2544 Aessopos J%B$:B[12] DHL#*3+*6P%G*#CAGK*S*RBJ9#G/L?61G0=3RG-F

#BFF&-RE)E6PIL4XR31F(L*,*%-./01203 ?'61(?#Z201H03 110 $6 1456G*#CAGK*E6&%*3.]*F-6<?+

4#B19CG#0/ J%BDHL9>G*#(#R) echocardiography E6$6D<L90=CAGK*9;G#*3/A=+MF$R*2U;G<?+G*#

1G'HS*RB pulmonary hypertension ]A+ 59.1% "H3EUL1G:`ZG*#(#R)R-H$@*$R*2H-6 tricuspid 

gradient 90=2*GGR@* 30 2'%%'12(#4#?9 E6G%;@29H%?+90=DHL#-F1%V?H.2=>1.2?1456#B3B1R%* 2 4[
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G@?6G*#CAGK* MFR@* 20$@*$R*2H-6&%?H1%V?HJH+4?HD2@(@*+)*GG%;@290=204#BR-('DHL#-F1%V?H1456

F*+$#-O+&#V?D2@DHL#-F1%V?H1%3 ($@*$R*2H-6 tricuspid gradient 33.63 ± 15.78 2'%%'12(#4#?9 1903F

G-F 32.59 ± 11.89 2'%%'12(#4#?9; P>0.05) ?*)14561M#*BR@*#B3B1R%*H-+G%@*R3-+D2@.*2*#]J.H+

$R*2J(G(@*+E6G*#1G'HS*RB pulmonary hypertension %+DHL J%BD2@DHLJF@+S*RB pulmonary  

hypertension 6-O6R@*1456)*G&-RE)/0G/L*3&#V?<R*/A=+20P%(@?G*#R'6')Q-3"#$ ?0G9-O+E6G*#CAGK*60OD2@

DHL1903F47))-3GR690=20P%2*G 6-=6$V? S*RB&%-+G*#(-H2L*2E6G%;@2CAGK*9-O+.?+G%;@2

! Taher J%B$:B[10] DHLCAGK*]A+$R*2.-2M-6,Z#B&R@*+J6R9*+G*#HIJ%#-GK*PIL4XR3G%;@2

1F(L*,*%-./01203 ?'61(?#Z201H03 90=20EUL?3I@J%BS*RB pulmonary hypertension 1456G*#CAGK*3L?6&%-+

E6$6D<L 584 $6 J%BMF?;F-('G*#:ZG*#G*#1G'HS*RB pulmonary hypertension 1M03+#L?3%B 11 "H3

EUL1G:`ZG*#(#R)$@* pulmonary artery systolic pressure 90=2*GGR@* 35 2''%%'12(#4#?9#@R2G-F 

tricuspid regurgitation velocity 2*GGR@* 2.8 12(#(@?R'6*90 )*GG*#(#R)HLR3 echocardiography J(@

?*)14561M#*BG%;@2CAGK*)BDHL#-FG*#(#R) echocardiography 1QM*BE6#*390=20?*G*#1&6V=?319@*6-O6

)A+9>E&LMF?-(#*$R*2U;G<?+"#$6L?3%+ P%<?+G*#CAGK*E6J+@<?+G*#E&L1%V?HMFR@*G*#E&L1%V?H

?3@*+.2=>1.2??*)20.@R6U@R3%H$R*21.0=3+(@?G*#1G'HS*RB pulmonary hypertension %+ (RR, 0.33; 

95%CI: 0.18-0.58; P<0.001)

! .@R6G*#CAGK*<?+ Phrommintikul J%B$:B[16] DHL9>G*#CAGK*$R*2.-2M-6,Z<?+G*#(-H

2L*2J%BS*RB pulmonary hypertension "H3EUL1$#V=?+(#R) echocardiography E6G%;@2PIL4XR3"#$

"%&'()*+1F(L*,*%-./01203)>6R6 68 $6 MFR@*E6G%;@2PIL4XR390=20S*RB pulmonary hypertension MF

$R*2U;G<?+G*#(-H2L*22*GGR@*G%;@290=D2@20S*RB pulmonary hypertension (75.8% 1903FG-F 25.6%; 

P<0.001) J%BE6G%;@290=DHL#-FG*#(-H2L*2)BMF pulmonary hypertension 2*GGR@*G%;@2PIL4XR390=D2@DHL

#-FG*#(-H2L*2 (pulmonary artery systolic pressure 43.3 ± 20.5 2'%%'12(#4#?9 1903FG-F 28.9 ± 

8.3 2'%%'12(#4#?9; P=0.001) J(@G%-FMFR@*E6G%;@290=20S*RB pulmonary hypertension 204#BR-('DHL

#-F1%V?HE64#'2*:2*GGR@*G%;@290=D2@20S*RB pulmonary hypertension (3.53 ± 3.7 3I6'( 1903FG-F 

0.88 ± 1.7 3I6'(; P=0.018) /A=+J(G(@*+)*GG*#CAGK*?V=6T ?*)1456)*GG*#14#03F1903F$R*2#;6J#+

<?+"#$90=D2@19@*G-6E69-O+.?+G%;@2CAGK* J%B4#BR-('G*#DHL#-F1%V?HE6$6D<LJ(@%B$66-O63-+MFR@*20

4#'2*:D2@2*G (0-9 3I6'(E6#B3B1R%*  1 4[) E6G*#CAGK*60O3-+DHLCAGK*]A+4#'2*:12\H1%V?HJH+90=20

6'R1$%03.J%BS*RB pulmonary hypertension MFR@* E6G%;@290=20S*RB pulmonary hypertension )B

MFR@*204#'2*:12\H1%V?HJH+90=206'R1$%03.2*GGR@*  (382.8 ± 308.4 1/%%Z(@?12\H1%V?HJH+ 100 1/%%Z 

1903FG-F 155.1 ± 41.7 1/%%Z(@?12\H1%V?HJH+ 100 1/%%Z; P=0.009) J(@E6<:B1H03RG-6G%;@2PIL4XR390=20

S*RB pulmonary hypertension 1?+G\20)>6R6PIL4XR390=DHL#-FG*#(-H2L*21456)>6R62*GGR@* /A=+S*RB

&%-+G*#(-H2L*2)B9>E&LMFR@*204#'2*:12\H1%V?HJH+90=206'R1$%03.1M'=2<AO6J%B1G'HS*RB pulmonary 

hypertension DHL2*G<AO6

! Atichartakarn J%B$:B[15] DHLCAGK*]A+$R*2.-2M-6,Z<?+S*RB1.#'2G*#J<\+(-R<?+1%V?H

J%BS*RB pulmonary hypertension E6G*#CAGK*60O20PIL4XR3E6G*#CAGK*9-O+&2H 10 $6 /A=+9-O+&2HDHL
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#-FG*#(#R) echocardiography J%B9>G*#.R6&-RE)1MV=?&*$R*2.-2M-6,ZH-+G%@*R E6J+@<?+

4#'2*:12\H1%V?HJH+90=206'R1$%03.6-O6MFR@*204#'2*:1M'=2<AO6 J(@?*)1456)*G90=PIL4XR39-O+&2HDHL#-F

G*#(-H2L*21U@61H03RG-6

! .@R6G*#R'6')Q-3S*RB pulmonary hypertension 6-O69>DHL"H3G*#.R6&-RE)/A=+1456&-(]G*#

90=20$R*21.0=3+(@?S*RBJ9#G/L?6DHL ?0G9-O+(L?+?*C-39021)L*&6L*90=90=20$R*2U>6*8#R29-O+1$#V=?+2V?

J%B$R*2M#L?2E6&%*3T HL*6 G*#EUL echocardiography 1<L*2*U@R3E6G*#R'6')Q-3)A+14569*+1%V?G

90=+@*3J%B4%?HS-32*GGR@* Janda J%B$:B[39] DHL.#;4R'1$#*B&ZF9$R*21G0=3RG-F$R*2J2@63><?+

G*#EUL echocardiography E6G*#R'6')Q-3S*RB pulmonary hypertension 12V=?1903FG-FG*#.R6&-RE) 

"H3G*#CAGK*90=6>2*R'1$#*BZ6-O6EUL$@* pulmonary artery systolic pressure 90=DHL)*GG*#(#R) 

echocardiography E6G*#R'6')Q-3S*RB pulmonary hypertension (-O+J(@ 32-50 2'%%'12(#4#?9 )*G

G*#R'1$#*B&Z60OMFR@*$@*.-24#B.'9,'d.&.-2M-6,Z<?+1$#V=?+2V?9-O+.?+ 19@*G-F 0.7 (95% CI: 

0.67-0.73; n=27) 20$R*2DR<?+G*#9H.?F 19@*G-F 83% (95% CI: 73-90) J%B$R*2)>1M*B<?+

G*#9H.?F 19@*G-F 72% (95% CI: 53-85; n=12) $@* diagnostic odd ratio 19@*G-F 13 (95% CI: 5-31) 

E6G*#CAGK*60ODHLJ6B6>E&LEUL$@* pulmonary artery systolic pressure 90=2*GGR@* 40 2'%%'12(#4#?9

)*GG*#9> echocardiography 1MV=?EULR'6')Q-3S*RB pulmonary hypertension "H320$R*2DR<?+G*#

9H.?F 19@*G-F 76% (95% CI: 64 to 85) J%B$R*2)>1M*B<?+G*#9H.?F 19@*G-F 58% (95% CI 

36 to 77; n=6) J%B$@*H-+G%@*RD2@J(G(@*+)*GP%G*#R'1$#*B&Z#R2<?+G*#CAGK*

! <L?)>G-HE6G*#CAGK*90=P@*62*1G0=3RG-FG*#E&L1%V?HE6G%;@2PIL4XR31F(L*,*%-./01203 $V? G*#E&L

6'3*2G*#JF@+PIL4XR3??G1456G%;@21F(L*,*%-./01203121)?#ZJ%B?'61(?#Z201H033-+D2@U-H1)6 J%B20

(-RJ4#GR690=.>$--8 $V? S*RB&%-+G*#(-H2L*2 #R29-O+90=P@*62*.@R6E&8@3-+D2@20G*#CAGK*90=2;@+CAGK*

]A+S*RBJ9#G/L?6(@?#BFF&-RE)J%BG*#E&L1%V?H 6?G)*G14561M03+P%90=MF1M'=21('2<AO62* 

6?G)*G60OG*#EUL1G:`ZR'6')Q-3S*RB pulmonary hypertension 3-+J(G(@*+G-6D4E6J(@%BG*#CAGK*
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!""#$  3

(?K#B&+%?%>)<(?@2A

! G*#R')-3$#-O+60O1456G*#CAGK*14#003F1903FP%<?+G*#E&L1%V?H?3@*+.2=>1.2?J%BG*#E&L1%V?H

1456$#-O+$#*RE6PIL4XR31F(L*,*%-./01203/Y0"2"G%F'F ?0 J%B1456,*%-./01203 ?'61(?#Z201H03J%B3-+D2@DHL

#-FG*#(-H2L*2 "H3EULG*#(#R))*G echocardiography 1MV=?(#R)$L6&*S*RB pulmonary arterial 

hypertension

,<0G)><

! 4#BU*G#90=1<L*2*E6G*#CAGK* 1456PIL4XR3"#$"%&'()*+U6'H1F(L*,*%-./01203/Y0"2"G%F'6 ?0 

90=2*#-FG*#(#R)#-GK*90="#+M3*F*%);^*%+G#:Z J%B"#+M3*F*%1)#'8G#;+4#BU*#-GKZ .-+G-H.>6-G

G*#JM93Z G#;+19M2&*6$#

>N+>PQ=C%>)<'2B+/E5>+4D)*)RS>M) (inclusion criteria)

1.1456PIL4XR3"#$"%&'()*+U6'H1F(L*,*%-./01203/Y0"2"G%F'6 ?0 JFF,*%-./01203 ?'61(?#Z

201H03 J%BDHL#-FG*#(#R)1%V?H3V63-6"H3R',0 hemoglobin analysis

2.20?*3;2*GGR@* 15 4[ <:B90=1<L*E6G*#CAGK*

3..*2*#]4f'F-('(*2#B1F03FR')-3DHL J%B.*2*#]2*(#R)('H(*2DHL(@?16V=?+(*26-H

>N+>PQ=C%>)<'2B+/E5>55>@)>RS>M) (exclusion criteria)

1."#$16VO?13V=?1G0=3RM-6 (connective tissue disease) "H3EULP% anti-nuclear antibody

2."#$('H1UVO?1?UD?R0 (HIV infection) "H3 anti-HIV E&LP%FRG

3.4#BR-('"#$(-FJ<\+J%BD(R*31#VO?#-+ "H3EULP%1%V?H4#BG?F

4."#$&-RE)M'G*#J(@G>16'H "H3EULP% echocardiography

5.S*RB&-RE)/0G/L*3%L21&%RJ%B"#$%'O6&-RE)(0FJ%B#-=R "H3EULP% echocardiography

6.4#BR-('"#$4?H1#VO?#-+J%B20S*RB??G/'1)6E61%V?H(=> (O2 saturation 6L?3GR@* 92%)

7.4#BR-('"#$%'=21%V?H?;H(-6E6&%?H1%V?H4?H1#VO?#-+ (chronic thromboembolic pulmonary 

hypertension)

8.4#BR-('DHL#-FG*#(-H2L*2J%LR
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>N+>PQ=C%>)<(?%?@O2A (Diagnostic criteria)

1.PIL4XR3"#$"%&'()*+U6'H1F(L*,*%-./01203/Y0"2"G%F'6 ?0 &2*3]A+ PIL4XR3"#$"%&'()*+1F(L*

,*%-./0120390=DHL#-FG*#(#R) hemoglobin electrophoresis J%BP%1456 Hb EF &#V? Hb EFA

2.PIL4XR3G%;@2,*%-./01203 ?'61(?#Z201H03 &2*3]A+ PIL4XR3G%;@21F(L*,*%-./0120390=20#BH-F             

Y0"2"G%F'64#B2*: 6-10 G#-2/1H/'%'(# E6U@R+#B3B90=D2@DHL#-F1%V?H #@R2G-F204#BR-('DHL#-F1%V?H

1456F*+1R%*"H31QM*BU@R+90=20$R*21)\F4XR3 (transfusion independent) J%B1456G*#DHL#-F1%V?H&%-+

)*G?*3; 2 4[ PIL4XR3G%;@260O?*)20$R*2P'H4G('<?+#I4#@*+G#BHIGF#'1R:EF&6L* J%B202L*2"(#@R2HLR3

[13, 22]

3.S*RB pulmonary hypertension E6G*#CAGK*DHL)*GG*#(#R) echocardiography 12V=?MF 

pulmonary artery systolic pressure 2*GGR@*  37 2'%%'12(#4#?9 <:BM-G &#V?E6#*390=20<L?F@+U0OE6

G*#9>.R6&-RE) J%BMFR@*20 mean pulmonary arterial pressure 2*GGR@*&#V?19@*G-F 25 2'%%'12(#

4#?9 <:BM-G[23]

4.PIL4XR3E6G%;@21F(L*,*%-./01203/Y0"2"G%F'6 ?0 90=1<L*#@R2E6G*#CAGK*J%BDHL#-F1%V?HF@?3 

)>1456(L?+204#BR-('DHL#-F1%V?H?3@*+.2=>1.2?9;GT 3 1HV?6(@?4[<AO6D4 ('H(@?G-614561R%*?3@*+6L?3 

3 4[ G@?61<L*#-FG*#(#R) echocardiography

4%)B92(5AI)6 (sample size determination)

! 16V=?+)*G3-+D2@20G*#CAGK*]A+$R*2U;G<?+S*RB pulmonary arterial hypertension E6G%;@2PIL

4XR3"#$"%&'()*+U6'H1F(L*,*%-./01203/Y0"2"G%F'6 ?0 90=1456,*%-./01203 ?'61(?#Z201H03 J%B3-+D2@DHL

#-FG*#(-H2L*2 G*#CAGK*60O)A+1456G*#CAGK*6>#@?+ (pilot study) "H3G>&6H<6*H(-R?3@*+DRLG%;@2%B 

13 $6 #R2PIL4XR390=1<L*2*E6+*6R')-314569-O+&2H)>6R6 26 $6

<T,.!!>)<(?@2A (Research design)

! 1456G*#CAGK*JFF cross sectional study

(?K#>)<+/E5>>/;I*,<0G)><92(5AI)6

! G*#1%V?GG%;@24#BU*G#90=(L?+G*#CAGK*"H31#'=2(L6)*GG*#$-H1%V?GPIL4XR3"#$1%V?H9-O+&2H

90=2*#-FG*#(#R)#-GK*90=0=JP6GPIL4XR36?G $%'6'G"#$1%V?H"#+M3*F*%);^*%+G#:Z J%B"#+M3*F*%

1)#'8G#;+4#BU*#-GKZ "H390="#+M3*F*%);^*%+G#:Z)B20PIL4XR3"#$1%V?H2*#-FF#'G*#E6R-6)-69#Z R-6

M;,J%BR-6C;G#Z1Q%0=3R-6%B4#B2*: 200 $6 1456PIL4XR3"#$"%&'()*+,*%-./012034#B2*: 20-50 $6
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(@?R-6J%B20PIL4XR3"#$"%&'()*+U6'H1F(L*,*%-./01203/Y0"2"G%F'6 ?0 90=1456,*%-./01203 ?'61(?#Z201H03 

J%B3-+D2@DHL#-FG*#(-H2L*24#B2*: 2-4 $6(@?R-6 .@R6"#+M3*F*%1)#'8G#;+4#BU*#-GKZ20PIL4XR3"#$

1%V?H2*#-FF#'G*#90=$%'6'G"#$1%V?HE6R-6Mc&-.FH01Q%0=3$#-O+%B 30-40 $6 1456PIL4XR3"#$"%&'()*+

,*%-./012034#B2*:  5-10 $6(@?R-6J%B20PIL4XR3"#$"%&'()*+U6'H1F(L*,*%-./01203/Y0"2"G%F'6 ?0 90=

1456,*%-./01203 ?'61(?#Z201H03 J%B3-+D2@DHL#-FG*#(-H2L*24#B2*: 1-2 $6(@?R-6 &%-+)*G6-O6)A+

9>G*#$-H1%V?GPIL4XR390=1<L*2*E6G*#CAGK*"H3G*#.>#R)4#BR-('1RU#B1F036PIL4XR36?G<?+PIL4XR390=

1456"#$"%&'()*+,*%-./012039-O+&2HJ%B1%V?G1QM*BPIL4XR390=1456"#$"%&'()*+U6'H1F(L*,*%-./01203/

Y0"2"G%F'6 ?0 90=1456,*%-./01203 ?'61(?#Z201H03 J%B3-+D2@DHL#-FG*#(-H2L*2 "H3?*C-3<L?2I%E61RU

#B1F036PIL4XR36?G4#BG?FG*#$-H1%V?G1FVO?+(L6 12V=?DHL#*3UV=?PIL4XR390=(L?+G*#)A+1<L*D4.-2S*K:Z

4#BR-('PIL4XR3?0G$#-O+ J%BEUL4#BG?FG*#(-H.'6E)E6G*#6>PIL4XR31<L*#@R2G*#CAGK*(@?D4 PIL4XR39;G

#*3)BDHL#-F<L?2I%1G0=3RG-F+*6R')-3J%B20"?G*./-G]*2<L?2I%(@*+T G@?6G*#(-H.'6E)1<L*#@R2E6G*#

CAGK*

+'<E$56*E5"#$CGDC%>)<(?@2A

1.1?G.*#J6B6>PIL1<L*#@R2G*#R')-3J%BJ.H+$R*23'63?21<L*#@R2"$#+G*#R')-3HLR3$R*2

.2-$#E)

2.JFFF-69AG<L?2I%<?+PIL1<L*#@R2"$#+G*#R')-3

3.1$#V=?+(#R)$%V=6DWWa*&-RE)

4.1$#V=?+(#R) echocardiography

>)<+>U!<(!<(*4D5*T/

1.('H(@?PIL4XR3"#$"%&'()*+1F(L*,*%-./01203/Y0"2"G%F'6 ?0 90=JP6GPIL4XR36?G "#+M3*F*%

);^*%+G#:Z J%B"#+M3*F*%1)#'8G#;+4#BU*#-GKZ

2.$-H1%V?GPIL4XR3(*2G_1G:`ZG*#$-H1%V?GPIL4XR31<L*J%B1G:`ZG*#$-HPIL4XR3??G90=G>&6HDRL

3.U0OJ)+R-(];4#B.+$Z <-O6(?6G*#R')-3 4#B"3U6Z90=PIL4XR3)BDHL#-F #R2]A+P%<L*+1$03+90=?*)

1G'H<AO6(*21?G.*#J6B6><L?2I%JG@PIL4XR3 J%B%+UV=?3'63?2E61?G.*#J.H+$R*23'63?21<L*#@R2

G*#CAGK*

4.PIL1<L*#@R2G*#CAGK*%+<L?2I%E6JFFF-69AG<L?2I% #-FG*#(#R)#@*+G*3 R-H.-88*:U0M U-=+

6O>&6-GJ%BR-H.@R6.I+

5..@+PIL1<L*#@R2G*#CAGK*(#R)1?G/1#3Z4?H (#R)$%V=6DWWa*&-RE) J%B1)*B1%V?H1MV=?(#R)

9*+&L?+4f'F-('G*# (complete blood count, BUN, creatinine, liver function test, serum ferritin, 

lactate dehydrogenase, NT-proBNP, Anti-HIV, anti-nuclear antibody)
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6..@+PIL1<L*#@R2G*#CAGK*(#R) echocardiography 1MV=?R-H$R*2H-6&%?H1%V?HJH+4?HJ%B

$L6&*S*RB pulmonary arterial hypertension

7.1G\F#RF#R2<L?2I%J%BJ4%P%

>)<(?+'<)08=4D5*T/

! EUL.]'('1U'+M##:6* (descriptive statistics) "H3EUL$@*#L?3%B $@*1Q%0=3 J%B$@*1F0=3+1F6

2*(#*g*6 1MV=?J.H+<L?2I%?*3; $@*$R*2.2FI#:Z<?+12\H1%V?H (complete blood count) #BH-F 

ferritin #BH-F lactate dehydrogenase #BH-F NT-proBNP 4#'2*:1%V?H90=PIL4XR3DHL#-F (14563I6'() 

)>6R6PIL4XR390=20S*RB pulmonary arterial hypertension )>6R612\H1%V?HJH+90=206'R1$%03. $@* 

tricuspid regurgitation velocity J%B pulmonary artery systolic pressure

! EUL chi square test J%B independent t-test 1MV=?14#03F1903F$R*2J(G(@*+#B&R@*+G%;@2

$RF$;290=DHL#-F1%V?HF*+$#-O+J%BG%;@2CAGK* /A=+1456G%;@290=DHL#-F1%V?H.2=>1.2?

! EULG*#R'1$#*B&ZJFF Analysis of Covariance 1MV=?%HP%<?+(-RJ4#GR690=)B20P%(@?$@* 

pulmonary artery systolic pressure J%BS*RB pulmonary arterial hypertension

+>PQ=+"#A!<0B2!'()*'?B+8U%

! G*#CAGK*60OEUL$@* p-value 6L?3GR@* 0.05 1MV=?J.H+$R*2J(G(@*+G-6?3@*+206-3.>$-89*+

.]'('
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!""#$  4

V/>)<(?+'<)08=4D5*T/

! G*#CAGK*60O1#'=21G\F<L?2I%<?+PIL4XR3(-O+J(@1HV?6McC)'G*36 2554 ]A+1HV?612K*36 2555 20  

PIL4XR390=$;:.2F-('(#+(*21G:`ZG*#$-H1%V?G9-O+&2H 44 $6 J(@16V=?+)*G20PIL4XR3G%;@2&6A=+1<L*#@R2E6

G*#CAGK*?V=6)>6R6 11 $6 )A+D2@.*2*#]1<L*2*E6G*#CAGK*60ODHL J%B20PIL4XR3)>6R6 2 $6D2@

(L?+G*#1<L*2*E6G*#CAGK*60O )A+1&%V?PIL1<L*#@R2G*#CAGK*90=DHL%+UV=?E61?G.*#3'63?29-O+.'O6 31 $6 

E6)>6R660O20PIL1<L*#@R2)>6R6 4 $6 4f'1.,90=)B#-FG*#(#R) echocardiography )A+1&%V?PIL90=1<L*#@R2

E6G*#CAGK*9-O+.'O6 )>6R6 27 $6

! E6)>6R6PIL4XR390=1<L*#@R2E6G*#CAGK*9-O+&2H 27 $6 14561MCU*3 )>6R6 6  $6 J%B1456

1MC&8'+ )>6R6 21 $6 ?*3;1Q%0=3 29.67±13 4[ 20PIL4XR390=DHL#-FG*##-GK*HLR33*<-F1&%\G )>6R69-O+

.'O6 )>6R6 14 $6 )*GP%G*#.?F]*2 Epworth sleepiness scale MFR@*  20$@*1Q%0=319@*G-F 4.19±2.1 

"H390=D2@20PIL4XR3#*3EH20$BJ662*GGR@*  10 1%3 PIL1<L*#@R2E6G*#CAGK*9;G$6DHL#-FG*#(#R) 

echocardiography $%V=6DWWa*&-RE) J%B#-FG*#1)*B1%V?H(#R)9*+&L?+4f'F-('G*# 20PIL4XR3&8'+ 1 

$6 D2@DHL#-FG*#(#R)1?G/1#3Z4?H 16V=?+)*GD2@J6@E)R@*(-O+$###SZ

! G*#CAGK*$#-O+60ODHL#-F?6;2-(')*G$:BG##2G*#)#'3,##2 $:BJM93C*.(#Z );^*%+G#:Z

2&*R'93*%-3 16V=?+)*G1456G*#CAGK*E6G%;@2(-R?3@*+90=145626;K3Z H-+6-O6PIL1<L*#@R2G*#CAGK*)BDHL#-F

9#*F]A+R-(];4#B.+$Z<?++*6R')-3 J%B4#B"3U6Z90=)BDHL#-F<?+PIL1<L*#@R2R')-31?+J%B.@R6#R2 "H3PIL

1<L*#@R2"$#+G*#CAGK*R')-3%+6*23'63?21<L*#@R2E6G*#CAGK*1456%*3%-GK:Z?-GK#J%B.*2*#]

3G1%'GG*#1<L*#@R2"$#+G*#E6U@R+1R%*EHG\DHL D2@R@*)B14561&(;P%EHG\(*2

V/>)<(?+'<)08=

! <L?2I%90=DHL)*GP%G*#CAGK*  MFR@* G%;@2PIL4XR390=DHL#-F1%V?H?3@*+.2=>1.2?209-O+&2H 13 $6 

1456U*3)>6R6 3 $6 ?*3;1Q%0=3 29.77±14.3 4[ .@R6G%;@2PIL4XR390=DHL#-F1%V?H1456F*+$#-O+20)>6R6 14 

$6 20PILU*3)>6R6 3 $6 J%B20?*3;1Q%0=3?3I@90= 29.57±12.1 4[ 9-O+.?+G%;@220$@*H-U602R%G*3?3I@90= 

20.4±1.8 J%B 19.7±2.4 G'"%G#-2(@?(*#*+12(# (*2%>H-F ((*#*+90= 2) 9-O+.?+G%;@220PIL4XR390=DHL#-F

G*##-GK*HLR33*<-F1&%\G )>6R6 9 J%B 5 $6 (*2%>H-F E6G%;@2PIL4XR390=DHL#-F1%V?H?3@*+.2=>1.2? 

)B204#BR-('DHL#-F1%V?H 4#'2*:  17.25±5.9 3I6'((@?4[ 1903FG-FG%;@290=DHL#-F1%V?H1456F*+$#-O+ DHL#-F

1%V?H1Q%0=3 2.61±3.5 3I6'((@?4[
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Regular

Transfusion

Occasional

Transfusion
p-value

N (male) 13 (3) 14 (3)

Age (yr) 29.77±14.3 29.57±12.1 0.62

BMI (kg/m2) 20.41±1.8 19.68±2.4 0.35

Chelating agent 9 5 0.44

Ferritin (ng/mL) 2,411±1,831 1,419±1,738 0.62

LDH (IU/mL) 477±244 491±139 0.22

NT-proBNP (pg/mL) 71.38±87.7 68.38±36.3 0.11

Hgb (g/dL) 8.67±1.0 9.08±1.1 0.82

Pletelet (x103) 201±101 247±104 0.57

nRBC (/100 wbc) 3.77±5.8 5.64±7.9 0.30

Blood transfusion (U/yr) 17.25±5.9 2.61±3.5 0.037

(*#*+90= 2  J.H+%-GK:B9-=RD4<?+PIL4XR3"#$"%&'()*+,*%-./0120390=DHL#-F1%V?H?3@*+.2=>1.2? 

(regular transfusion) J%BDHL#-F1%V?H1456F*+$#-O+ (occasional transfusion)

! P%G*#(#R)9*+&L?+4f'F-('G*# ((*#*+90= 2) MFR@* G%;@2PIL4XR390=DHL#-F1%V?H?3@*+.2=>1.2? 

20$@*#BH-FY0"2"G%F'6J%B)>6R61G%\H1%V?H 8.67±1.0 G#-2(@?1H/'%'(# J%B 201,000±101,000 (@?

%IGF*CGZ2'%%'12(# (*2%>H-F .@R6G%;@2PIL4XR390=DHL#-F1%V?H1456F*+$#-O+ 20$@*#BH-FY0"2"G%F'6J%B

)>6R61G%\H1%V?H 9.08±1.1 G#-2(@?1H/'%'(# J%B 247,000±104,000 (@?%IGF*CGZ2'%%'12(# (*2
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%>H-F $@* ferritin <?+PIL4XR690=DHL#-F1%V?H.2=>1.2?J%BDHL#-F1%V?H1456F*+$#-O+ ?3I@90=#BH-F 

2,411±1,831 6*"6G#-2(@?2'%%'%'(# J%B 1,419±1,738 6*"6G#-2(@?2'%%'%'(# (*2%>H-F /A=+D2@J(G

(@*+G-69*+.]'(' (p>0.05) 6?G)*G60O #BH-F NT-proBNP E6PIL4XR3G%;@290=DHL#-F1%V?H?3@*+.2=>1.2? 

20$@* 71.38±87.7 M'"$G#-2(@?2'%%'%'(# J%B E6G%;@290=DHL#-F1%V?H1456F*+$#-O+20$@* NT-proBNP 

19@*G-F 68.38±36.3 M'"$G#-2(@?2'%%'%'(# J(@D2@J(G(@*+G-69*+.]'(' (p=0.13)

! )*GG*#(#R)1?G/1#3Z4?H D2@MF%-GK:BP'H4G('

! P%G*#(#R)$%V=6DWWa*&-RE)<?+PIL4XR39-O+&2H D2@MF20$R*2P'H4G('1G0=3RG-F)-+&RBJ%B

?-(#*G*#1(L6<?+&-RE) D2@MFR@*20%-GK:B&-RE)"(P'H4G('

V/>)<+,<#A!+"#A!

! )*GP%G*#(#R) echocardiography $@*1Q%0=3<?+ left atrial volume index J%B$@* E/E’ <?+

PIL4XR39-O+&2H 20$@*19@*G-F 26.89±5.7 mL/m2 J%B 10.55±2.8 (*2%>H-F MFR@*20PIL4XR3 )>6R6 1 #*3 

20S*RB pulmonary arterial hypertension ?3I@E6G%;@290=DHL#-F1%V?H?3@*+.2=>1.2? J(@D2@MFS*RBH-+

G%@*RE6G%;@290=DHL#-F1%V?H1456$#-O+$#*R J%BD2@20$R*2J(G(@*+G-69*+.]'(' (p=0.29) ((*#*+90= 3)

! 6?G)*G60O12V=?14#03F1903FP%G*#(#R) echocardiography E6G%;@2PIL4XR39-O+.?+G%;@2 

((*#*+90= 3) $@*1Q%0=3<?+ pulmonary artery systolic pressure <?+G%;@290=DHL#-F1%V?H?3@*+.2=>1.2? 

19@*G-F 25.08±6.2 2'%%'12(#4#?9 12V=?1903FG-FG%;@290=DHL#-F1%V?H1456F*+$#-O+ 19@*G-F 27.13±5.6 

2'%%'12(#4#?9 "H3D2@J(G(@*+G-6?3@*+206-3.>$-89*+.]'(' (p=0.98) .@R6P%G*#R-H$@*  left 

ventricular ejection fraction J%B cardiac index <?+G%;@290=DHL#-F1%V?H?3@*+.2=>1.2? 20$@* 

67.61±6.0 J%B 3.63±0.9 %'(#(@?6*90(@?(*#*+12(# (*2%>H-F 14#03F1903FG-FG%;@2PIL4XR390=DHL#-F

1%V?H1456F*+$#-O+ 20$@* left ventricular ejection fraction J%B cardiac index 19@*G-F 68.78±5.7 J%B 

4.13±0.8 %'(#(@?6*90(@?(*#*+12(# (*2%>H-F J%BD2@J(G(@*+G-6?3@*+206-3.>$-89*+.]'(' 

(p>0.05)

V/>)<(?+'<)08=,7@@2A

! 12V=?JF@+E6G%;@2PIL4XR390=DHL#-F1%V?H?3@*+.2=>1.2?J%BEUL#BH-FY0"2"G%F'6G@?6G*#E&L1%V?H

90=#BH-F 8 G#-2(@?1H/'%'(# ((*#*+90= 4) MFR@*E6G%;@290=20#BH-FY0"2"G%F'6G@?6G*#E&L1%V?H90=#BH-F

2*GGR@*  8 G#-2(@?1H/'%'(# 20)>6R69-O+&2H 5 $6 20)>6R6PIL4XR31456 pulmonary arterial 

hypertension )>6R6 1 $6 12V=?1903FG-FG%;@290=20#BH-FY0"2"G%F'6G@?6G*#E&L1%V?H90=#BH-F6L?3GR@* 

8 G#-2(@?1H/'%'(# 90=D2@MFPIL4XR31456 pulmonary arterial hypertension 1%3 J(@D2@J(G(@*+G-6#B&R@*+

.?+G%;@2 (p=0.34) 6?G)*G60OE6G%;@290=20#BH-FY0"2"G%F'6G@?6G*#E&L1%V?H90=#BH-F2*GGR@* 8 G#-2

(@?1H/'%'(#)B20P% NT-proBNP 90=6L?3%+GR@*?0GG%;@2 (37.60±13.8 14#03F1903FG-F 92.50±108.4    
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M'"$G#-2(@?2'%%'%'(#) ?3@*+206-3.>$-89*+.]'(' (p=0.026) .@R6#BH-F$@* LDH ferritin J%B)>6R6

12\H1%V?HJH+90=206'R1$%03.D2@DHLJ(G(@*+G-6

Regular

Transfusion

Occasional

Transfusion
p-value

PH (n) 1 0 0.29

TR jet velocity (m/s) 2.19±0.3 2.29±0.2 0.72

PASP (mmHg) 25.08±6.2 27.13±5.6 0.98

RAP (mmHg) 5.38±1.3 5.71±1.8 0.29

TAPSE (mm) 22.52±2.4 22.36±2.7 0.98

LAVI (mL/m2) 26.11±4.3 27.62±6.8 0.69

Main PA diameter (mm) 21.15±3.0 21.50±2.3 0.22

LVEF (%) 67.61±5.9 68.78±5.7 0.62

Cardiac output (L/min) 5.45±1.4 6.02±1.4 0.87

Cardiac index

(L/min/m2)
3.63±0.9 4.13±0.8 0.89

E/E’ 10.39±2.7 10.7±2.9 0.80

(*#*+90= 3  J.H+P%G*#(#R) echocardiography <?+PIL4XR3"#$"%&'()*+,*%-./0120390=DHL#-F1%V?H

?3@*+.2=>1.2? (regular transfusion) J%BDHL#-F1%V?H1456F*+$#-O+ (occasional transfusion)
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PreTxHb h 8

(N = 5)

PreTxHb < 8

(N = 8)
p-value

Age (yr) 24.40±14.0 33.12±14.3 0.74

BMI (kg/m2) 20.49±2.6 20.35±1.4 0.07

Chelating agent 3 6 0.20

Ferritin (ng/mL) 3,173±2,497 1,935±1,230 0.12

LDH (IU/mL) 404±152 522±287 0.28

NT-proBNP (pg/mL) 37.60±13.8 92.50±108.4 0.026

Hgb (g/dL) 9.20±0.87 8.35±1.0 0.48

Pletelet (x103) 273±109 156±69 0.48

nRBC (/100 wbc) 4.60±8.7 3.25±3.8 0.13

Blood transfusion (U/yr) 20.19±4.5 15.49±6.3 0.19

(*#*+90= 4  J.H+%-GK:B9-=RD4<?+PIL4XR3"#$"%&'()*+,*%-./0120390=DHL#-F1%V?H?3@*+.2=>1.2? 

(regular transfusion) "H3JF@+1456G%;@290=20#BH-FY0"2"G%F'6G@?6G*#E&L1%V?H90=2*GGR@* 8 G#-2(@?

1H/'%'(# (PreTxHb h 8) J%BG%;@290=20#BH-FY0"2"G%F'6G@?6G*#E&L1%V?H90=6L?3GR@* 8 G#-2(@?1H/'%'(# 

(PreTxHb < 8)
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PreTxHb h 8

(N = 5)

PreTxHb < 8

(N = 8)
p-value

PH (total) 1 0 0.18

TR jet velocity (m/s) 2.08±0.5 2.26±0.1 0.12

PASP (mmHg) 23.14±9.2 26.29±3.5 0.13

RAP (mmHg) 5.0 5.62±1.7 0.09

TAPSE (mm) 23.71±2.1 21.78±2.4 0.67

LAVI (mL/m2) 25.12±5.3 26.72±3.8 0.45

Main PA diameter (mm) 20.80±2.5 21.37±3.3 0.22

LVEF (%) 68.4±6.9 67.12±5.7 0.44

Cardiac output (L/min) 5.08±0.9 5.68±1.6 0.42

Cardiac index

(L/min/m2)
3.31±0.6 3.84±1.0 0.55

E/E’ 8.1±1.1 11.8±2.4 0.19

(*#*+90= 5  (*#*+J.H+P%G*#(#R) echocardiography <?+PIL4XR3"#$"%&'()*+,*%-./0120390=DHL#-F

1%V?H?3@*+.2=>1.2? (regular transfusion) "H3JF@+1456G%;@290=20#BH-FY0"2"G%F'6G@?6G*#E&L1%V?H

90=2*GGR@* 8 G#-2(@?1H/'%'(# (PreTxHb h 8) J%BG%;@290=20#BH-FY0"2"G%F'6G@?6G*#E&L1%V?H90=6L?3

GR@* 8 G#-2(@?1H/'%'(# (PreTxHb < 8)
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! 12V=?14#03F1903FP%G*#(#R) echocardiography "H3EUL#BH-FY0"2"G%F'6G@?6G*#E&L1%V?H90=

#BH-F 8 G#-2(@?1H/'%'(# ((*#*+90= 5) MFR@* G%;@290=20#BH-FY0"2"G%F'6G@?6G*#E&L1%V?H90=#BH-F

2*GGR@*  8 G#-2(@?1H/'%'(# 20$@* pulmonary artery systolic pressure 19@*G-F 23.14±9.2 2'%%'12(#

4#?9 .@R6G%;@290=20#BH-FY0"2"G%F'6G@?6G*#E&L1%V?H90=#BH-F6L?3GR@* 8 G#-2(@?1H/'%'(# 20$@* 

pulmonary artery systolic pressure 19@*G-F 26.29±3.5 2'%%'12(#4#?9 J%BD2@J(G(@*+G-69*+.]'(' 

(p=0.13)

! 16V=?+)*GG*#CAGK*60O1456G*#CAGK*JFF cross sectional study ?*)20(-RJ4#?V=690=20P%(@? 

pulmonary artery systolic pressure )A+DHL9>G*#&*$R*2.-2M-6,Z<?+47))-3?V=6T #@R2HLR3 MFR@* 

)>6R612\H1%V?HJH+90=206'R1$%03.J%BG*#DHL#-F3*<-F1&%\G?*))B20$R*2.-2M-6,ZG-F pulmonary 

artery systolic pressure 1MV=?E&L2-=6E)DHLR@*D2@20(-RJ4#GR6E6G*#R'1$#*B&Z$R*2J(G(@*+<?+$@*1Q%0=3 

pulmonary artery systolic pressure 90=)>J6G(*2G*#E&L1%V?H )A+$R#6>P%)*G)>6R612\H1%V?HJH+

90=206'R1$%03.J%BG*#DHL#-F3*<-F1&%\G2*#@R2R'1$#*B&Z "H3EUL Analysis of Covariance /A=+6>)>6R6

12\H1%V?HJH+90=206'R1$%03.J%BG*#DHL#-F3*<-F1&%\G2*1456 covariates J%BG>)-HP%<?+)>6R612\H

1%V?HJH+90=206'R1$%03.J%BG*#DHL#-F3*<-F1&%\G90=1G0=3R<L?+G-F pulmonary artery systolic pressure 

??GD4G@?6 1MV=?)B14#03F1903F$R*2J(G(@*+#B&R@*+$@*1Q%0=3<?+ pulmonary artery systolic 

pressure (90=<)-HP%<?+)>6R612\H1%V?HJH+90=206'R1$%03.J%BG*#DHL#-F3*<-F1&%\G??GD4J%LR)

! P%G*#R'1$#*B&Z$R*2J4#4#R6#@R2J.H+E6(*#*+90= 6 MFR@* )>6R612\H1%V?HJH+90=20

6'R1$%03.1456 covariate 90=20P%(@? pulmonary artery systolic pressure "H3206-3.>$-89*+.]'(' 

(F=5.85, p=0.024) .@R6G*#DHL#-F3*<-F1&%\GD2@DHL20$R*2.-2M-6,ZG-F$@* pulmonary artery systolic 

pressure (F=0.077, p=0.784) J(@&%-+)*G$RF$;2?'9,'M%<?+)>6R612\H1%V?HJH+90=206'R1$%03.J%B

G*#DHL#-F3*<-F1&%\G??GD4)*G pulmonary artery systolic pressure G\3-+D2@MF$R*2J(G(@*+

#B&R@*+G*#E&L1%V?H (F=0.663, p=0.424)

Source

Type III Sum 

of Squares df Mean Square F Sig.

nRBC 173.836 1 173.836 5.859 0.024

BldTxGr 7.616 1 7.616 0.257 0.617

Error 682.409 23 29.67   

Total 905.795 26    

      R Squared = 0.254 (Adjusted R Squared = 0.189)

(*#*+90= 6 P%G*#R'1$#*B&Z$R*2J4#4#R6#@R2#B&R@*+)>6R6 nucleated red blood cell J%B 

pulmonary artery systolic pressure
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! 12V=?DHL%?+6>$@*)>6R612\H1%V?HJH+90=206'R1$%03.J%B pulmonary artery systolic pressure 

2*9>G*#R'1$#*B&ZJFF.&.-2M-6,Z (correlation) MFR@* $@* coefficient of correlation )B20$@*19@*G-F 

0.483 J%B20$R*2.-2M-6,ZG-6?3@*+206-3.>$-89*+.]'(' (p=0.011)
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!""#$  5

1<;,V/>)<(?@2A 5W?,<)AV/ ./04D5+1%5.%0

1<;,V/>)<(?@2A

! $R*2U;G<?+S*RB pulmonary arterial hypertension E6G*#CAGK*60O 19@*G-F 3.70%

! )*GP%G*#CAGK* MFR@* E6G%;@2PIL4XR3"#$"%&'()*+U6'H1F(L*,*%-./01203/Y0"2"G%F'6 ?0 90=D2@

DHL#-FG*#(-H2L*2 20S*RB pulmonary arterial hypertension )>6R6 1 $6 ?3I@E6G%;@2PIL4XR390=DHL#-F

1%V?H?3@*+.2=>1.2? 12V=?14#03F1903FG-FG%;@290=DHL#-F1%V?H1456F*+$#-O+90=D2@MFS*RBH-+G%@*R1%3 J(@

D2@J(G(@*+G-6?3@*+206-3.>$-89*+.]'(' )A+?*).#;4DHLR@* G*#CAGK*60O3-+D2@.*2*#]J.H+E&L1456P%

<?+G*#E&L1%V?H(@?G*#%HG*#1G'HS*RB pulmonary arterial hypertension %+DHL

! 6?G)*G60OP%G*#(#R) echocardiography MFR@*$@* pulmonary artery systolic pressure /A=+

1456$@*90=EULE6G*#R'6')Q-3S*RB pulmonary arterial hypertension .>&#-FE6G*#CAGK*60O 3-+20#BH-F

EG%L1$03+G-6J%BD2@J(G(@*+G-69*+.]'('' E69-O+.?+G%;@290=CAGK*

! #R29-O+G*#E&L1%V?H1MV=?E&L#BH-FY0"2"G%F'62*GGR@* 8 G#-2(@?1H/'%'(#G@?6G*#E&L1%V?H 

D2@20P%(@?G*#1G'HS*RB pulmonary arterial hypertension DHL1U@61H03RG-6 J2LR@*$@* pulmonary artery 

systolic pressure )B6L?3GR@*G%;@290=DHL#-F1%V?H1MV=?E&L#BH-FY0"2"G%F'66L?3GR@* 8 G#-2(@?1H/'%'(#

G@?6G*#E&L1%V?H J(@D2@J(G(@*+G-6?3@*+206-3.>$-89*+.]'('

! E6G*#CAGK*60O D2@MFR@*4#'2*:12\H1%V?HJH+90=206'R1$%03.20$R*2.-2M-6,ZG-FG*#1G'HS*RB 

pulmonary arterial hypertension E6PIL4XR3G%;@2"#$"%&'()*+U6'H1F(L*,*%-./01203/Y0"2"G%F'6 ?0 90=

3-+D2@DHL#-FG*#P@*(-H2L*2 J(@MF$R*2.-2M-6,Z<?+4#'2*:12\H1%V?HJH+90=206'R1$%03.90=1M'=2<AO6G-F$@* 

pulmonary artery systolic pressure 90=.I+<AO6?3@*+206-3.>$-89*+.]'('

5W?,<)AV/>)<(?@2A

! 16V=?+)*GG*#(#R)R-H pulmonary artery systolic pressure 6-O61456G*#(#R)R-H$@*$R*21#\R

<?+G#BJ.G*#D&%<?+1%V?H)*G tricuspid regurgitation velocity E6PIL4XR390=20 cardiac output .I+

<AO6 1U@6 20S*RB/0H6-O6 )B9>E&L1G'HG#BJ.G*#D&%<?+1%V?H90=.I+<AO6DHL J(@3-+20?0G47))-3&6A=+90=

.*2*#]9>E&L$@* pulmonary artery systolic pressure .I+DHL 6-O6$V? pulmonary vascular resistance 90=

1M'=22*G<AO6 /A=+1456P%2*)*G&%?H1%V?HJH+4?H90=14%0=36J4%+D4 E6G*#CAGK*60O)BMFR@*  cardiac 

output J%B cardiac index <?+G%;@2CAGK*9-O+.?+G%;@220$@*90=D2@J(G(@*+G-6 H-+6-O6 P%G*#(#R) 

echocardiography 90=DHL )A+20$R*26@*1UV=?]V?DHLR@*$@* pulmonary artery systolic pressure 90=.I+<AO66-O6

1456)*G pulmonary vascular resistance 90=1M'=22*G<AO6
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! .*1&(;90=$R*2U;G<?+S*RB pulmonary arterial hypertension E6G*#CAGK*60O6L?3GR@*E6G*#

CAGK*?V=6T ?*)14561M#*BDHL6>$6D<L/A=+D2@DHL#-FG*#(-H2L*21<L*2*CAGK* 12V=?14#03F1903FG-FG*#

CAGK*<?+ Taher[10] 90=20PIL4XR390=DHL#-FG*#(-H2L*24#B2*: 55.7% J%BMFS*RB pulmonary  

hypertension 11% &#V?G*#CAGK*<?+ Aessopos[12] 90=20PIL4XR390=DHL#-FG*#(-H2L*24#B2*: 55.5% 

J%BMFR@*20$R*2U;G<?+S*RB pulmonary hypertension 59.1% 16V=?+)*G145690=9#*F?3I@J%LRR@*G*#

(-H2L*220P%9>E&L1G'H$R*21.0=3+(@?G*#1G'HS*RB pulmonary hypertension E6PIL4XR3"#$"%&'()*+

,*%-./01203 ?'61(?#Z201H03 )A+9>E&LE6G*#CAGK*60OMFPIL4XR3)*GS*RBH-+G%@*R%H%+ ?0G9-O+E6G*#

CAGK*60O20$@*1Q%0=3<?+?*3;<?+PIL1<L*#@R2E6G*#CAGK*90=6L?3GR@*G*#CAGK*?V=6[12, 16] /A=+E6G*#CAGK*

60O PIL1<L*#@R2G*#CAGK*#L?3%B 60 )B20?*3;6L?3GR@* 30 4[ )A+1456?0G47))-390=9>E&LG*#(#R)MFS*RB 

pulmonary arterial hypertension MFDHL6L?3%+

! ?0G47))-3&6A=+90=9>E&LG*#MFS*RB pulmonary hypertension J(G(@*+G-6D4E6J(@%BG*#

CAGK*6-O6$V?1G:`ZE6G*#R'6')Q-3"#$ /A=+MFR@*J(G(@*+G-6D4E6J(@%BG*#CAGK* H-+1U@6 G*#CAGK*

<?+ Phrommintikul[16] J%B Taher[10] 6-O6EUL$@* pulmonary artery systolic pressure 90=2*GGR@* 35 

2'%%'12(#4#?9 J(@G*#CAGK*<?+ Aessopos[12] 6-O6EUL$@* peak systolic tricuspid gradient 90=2*G 

GR@* 30 2'%%'12(#4#?9 E6G*#CAGK*60ODHLEUL$@* pulmonary artery systolic pressure 90=2*GGR@* 37 

2'%%'12(#4#?9 #@R2G-F20S*RB right ventricular hypertrophy[23] )A+1456?0G.*1&(;&6A=+90=9>E&LMF

S*RBH-+G%@*R%H%+

! 16V=?+)*GPIL4XR3G%;@2"#$,*%-./01203 ?'61(?#Z201H03 2-G)B20"$#+.#L*+G#BHIG90=P'H4G(' /A=+

.*2*#]MFDHLF@?390=F#'1R:EF&6L* ?*)9>E&L1G'HS*RB&3;H&*3E)<:B6?6&%-FDHLJ%B1456.*1&(;

&6A=+90=9>E&L1G'HS*RB pulmonary hypertension (*22* )*GG*#(#R)$-HG#?+HLR3 Epworth 

sleepiness scale MFR@*D2@20PIL4XR3#*3EH90=20$@* Epworth sleepiness scale 2*GGR@* 10 6-O6&2*3]A+ PIL

4XR3G%;@2"#$,*%-./01203 ?'61(?#Z201H03 E6G%;@290=9>G*#CAGK*60OD2@DHL1.0=3+(@?G*#90=)B1G'HS*RB&3;H

&*3E)<:B6?6&%-F90=#;6J#+)69>E&L1G'HS*RB pulmonary hypertension (*22*DHL

! G*#1G'HS*RB pulmonary arterial hypertension E6PIL4XR3"%&'()*+U6'H,*%-./01203 ?'61(?#Z

201H036-O6.*2*#]1G'HDHL)*G&%*3.*1&(; /A=+47))-390=MFDHL2*GJ%B]V?1456$R*21.0=3+90=.>$-8$V?S*RB

&%-+)*GG*#(-H2L*2[10, 16] ?0GG%DG&6A=+90=.>$-81UV=?R@*P@*69*+G*#1M'=2<AO6<?+.*# free 

hemoglobin[37] /A=+20G*#CAGK*R@*G*#E&L1%V?H?3@*+.2=>1.2?.*2*#]%H4#'2*:.*# free 

hemoglobin E6PIL4XR390=20478&*12\H1%V?HJH+J(G(-R+@*3%+DHL[40] G*#CAGK*60O)A+M3*3*214#03F

1903FP%)*GG*#E&L1%V?H1M=V?%HG%DGH-+G%@*RJ%B2;@+16L6D4E6G%;@2PIL90=0=3-+D2@DHL#-FG*#(-H2L*21MV=?(-H

47))-3GR61#V =?+G*#(-H2L*2??GD4J%B3-+1%V?G1QM*BG%;@2$6D<L"#$1%V?H)*+U6'H,*%-./01203 

?'61(?#Z201H03 90=14561F(L*,*%-./01203/Y0"2"G%F'6 ?0 1MV=?%H47))-3$R*2J(G(@*+G-6E6HL*6M-6,;G##2

<?+"#$1%V?H1?+ /A=+J(G(@*+)*GG*#CAGK*90=P@*62*

! .@R6G*#E&L1%V?H1MV=?E&L#BH-FY0"2"G%F'6G@?6G*#E&L1%V?H90=#BH-F90=.I+ H-+1U@6E6G*#CAGK*

60O90=14#03F1903FP%90=#BH-FY0"2"G%F'62*GGR@* 8 G#-2(@?1H/'%'(#6-O6?*)U@R3%HG*#1G'HS*RB 
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pulmonary arterial hypertension %+DHL)*GG*#%HS*RB tissue hypoxia[11] 9>E&L%HG*#1G'H 

pulmonary vascular vasoconstriction J%BU@R3%HG#BJ.G*#D&%<?+1%V?H)*GS*RB/0H )A+9>E&L

$R*2H-6E6#BFF&%?H1%V?HJH+4?H%H%+E6#*390=20478&* pulmonary vascular vasoconstriction 

?3I@J%LR

! 20G*#CAGK*<?+ Karimi[41] DHL6>PIL4XR390=1456"#$"%&'()*+G%;@2,*%-./01203 ?'61(?#Z201H0390=

20S*RB pulmonary hypertension 14#03F1903FG-FPIL4XR390=D2@20S*RBH-+G%@*R MFR@* 6?G)*GS*RB

&%-+G*#(-H2L*290=9>E&L$R*21.0=3+(@?G*#1G'HS*RB pulmonary hypertension J%LR 4#'2*:12\H1%V?H

JH+90=206'R1$%03.90=.I+<AO61456?0G47))-3&6A=+90=9>E&L1G'H$R*21.0=3+(@?S*RB pulmonary hypertension 

E6G%;@2PIL4XR390=3-+D2@DHL#-FG*#(-H2L*2 (adjusted odd ratio, 1.13; 95% CI: 1.09-2.05; P=0.047) /A=+

1UV=?R@*1456P%2*)*GS*RBG*#.@+1.#'2G*#J<\+(-R<?+1%V?H90=2*GP'H4G(' (hypercoagulable stage) 

)*GG*#90=20 ineffective erythropoiesis #@R2G-FG*#1G'H12\H1%V?HJH+J(G(-R+@*3 1G'H14561CK/*GP6-+

1/%%ZJ%B1G'H.*#90=.@+1.#'2G*#J<\+(-R<?+1%V?H (submicrometric membrane fragments with 

procoagulant potentia) %@?+%?3D4E6G#BJ."%&'( 9>E&L1G'HS*RBG*#.@+1.#'2G*#J<\+(-R<?+1%V?H

90=2*GP'H4G('(*22*E6PIL4XR3G%;@260O J%BG@?E&L1G'H$R*2P'H4G('<?+&%?H1%V?H 1G'HS*RB%'=21%V?H

?;H(-6(*2?R-3RB(@*+T #R29-O+G@?E&L1G'HS*RB pulmonary arterial hypertension

! J2LR@*G*#CAGK*60O)B3-+D2@.*2*#]&*$R*2.-2M-6,Z<?+G*#E&L1%V?HJ%B4#'2*:12\H1%V?H

JH+90=206'R1$%03.G-FG*#1G'HS*RB pulmonary arterial hypertension DHL J(@MFR@*4#'2*:12\H1%V?H

JH+90=206'R1$%03.90=2*G<AO66-O620$R*2.-2M-6,ZG-F pulmonary artery systolic pressure 90=1M'=2<AO6?3@*+

206-3.>$-89*+.]'(' 3'=+U@R3.6-F.6;6P%G*#CAGK*G@?6&6L*60O90=DHLG%@*RD41FVO?+(L61G0=3RG-F4#'2*:

<?+12\H1%V?HJH+90=206'R1$%03.J(@16V=?+)*G)>6R6PIL4XR390=6>1<L*2*E6G*#CAGK*206L?31G'6D4)A+

9>E&LD2@?*)J.H+$R*2J(G(@*+)*GP%<?+G*#E&L1%V?HDHLU-H1)62*G<AO6

! PIL4XR390=20S*RB pulmonary arterial hypertension E6G*#CAGK*60O1456PIL4XR3U*3?*3; 17 4[ 

9#*FR@*1456"#$"%&'()*+1F(L*,*%-./01203/Y0"2"G%F'6 ?0 (-O+J(@?*3;4#B2*: 5 4[ J%B?3I@E6G%;@290=DHL

#-F1%V?H?3@*+.2=>1.2? (S*$P6RG Q) PIL4XR31#'=2DHL#-F1%V?H.2=>1.2?H(-O+J(@?*3; 9 4[ 1MV=?U@R3E&L20

G*#1)#'81('F"(90=EG%L1$03+4G(' &%-+)*G?*3; 9 4[ PIL@4XR3)BDHL#-F1%V?H.2=>1.2?9;G1HV?61456)>6R6 

12 3I6'((@?4[ J%B&%-+)*G?*3; 15 4[ )A+DHL#-F1%V?H1M'=21456 24 3I6'((@?4[ "H3DHL#-F3*<-F1&%\G(-O+J(@ 

?*3; 12 4[ #B&R@*+#-FG*##-GK*90="#+M3*F*%);^*%+G#:ZPIL4XR320?*G*#4G(' D2@20478&*&?F1&6V=?3 

)*GP%G*#9*+&L?+4f'F-('G*# MFR@* PIL4XR3#*360O20)>6R612\H1%V?HJH+90=206'R1$%03.$@?6<L*+.I+ 

(20/100 wbc) J%B20#BH-F$@* ferritin 2,285 ng/mL .@R6P%G*#(#R) echocardiography MFR@*20$@* 

pulmonary artery systolic pressure 19@*G-F 38.64 mmHg #@R2G-F(#R)MFR@*20 right ventricular 

hypertrophy )*G#*3%B1?03HH-+G%@*R?*)F@+DHLR@*.*1&(;&6A=+90=9>E&LPIL4XR3#*360O20$@* pulmonary 

artery systolic pressure 90=.I+<AO66-O61456)*G4#'2*:12\H1%V?HJH+90=206'R1$%03.90=.I+ ?0G9-O+4#'2*: 

ferritin 90=.I+<AO6J2L)BD2@20P%(@?G*#1G'H pulmonary arterial hypertension "H3(#+ J(@.*2*#]1M'=2
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$R*21.0=3+(@?G*#1G'H thrombosis[10] /A=+9>E&L1M'=2$R*21.0=3+(@?G*#1G'H pulmonary arterial 

hypertension 9*+?L?2DHL1U@6G-6

! ]A+J2LR@*E6G%; @290 =DHL#-F1%V?H.2=>1.2?6- O6)BMFPI L90 =20S*RB pulmonary arterial 

hypertension J(@16V=?+)*GG*#CAGK*60O1456G*#CAGK*JFF cross sectional study D2@DHL20G*#.;@2JF@+

J3GPIL4XR3 ?*)2047))-3?V=6T 90=1<L*2*20P%(@?G*#1G'HS*RB pulmonary arterial hypertension 1U@6 ?*3;

<?+PIL1<L*#@R2E6G*#CAGK*H-+90=DHLG%@*RDRL1FVO?+(L6 6?G)*G60O<L?)>G-H<?+G*#CAGK*JFF cross 

sectional study )BD2@.*2*#]F?GDHLR@*.'=+EH1G'HG@?6&#V?S*RB pulmonary arterial hypertension 

6-O61G'H<AO612V=?EH J%B4#BR-('G*#DHL#-F1%V?H.2=>1.2?E6PIL4XR36-O61456P%"H3(#+)#'+T 90=9>U@R3%H

G*#1G'HS*RB pulmonary arterial hypertension %+DHL&#V?D2@ ?0G9-O+)>6R6PIL1<L*#@R2E6G*#CAGK*?*)

206L?31G'6GR@*90=)BF?G$R*2J(G(@*+<?+9-O+.?+G%;@2 9>E&LG*#CAGK*60OD2@.*2*#]J.H+E&L1&\6]A+

$R*2J(G(@*+<?+G*#E&L1%V?H%+DHL

4D5+1%5.%0

1. G*#CAGK*(@?D4?*)(L?+1M'=2)>6R6$6D<LE&L2*G<AO6 1MV=?J.H+E&L1&\6]A+P%<?+G*#E&L

1%V?H(@?G*#1G'HS*RB pulmonary arterial hypertension

2. ?*)20G*#CAGK*(@?E61#V=?+<?+G*#(#R)('H(*2PIL4XR3G%;@260OD4E6?6*$(1MV=?E&LDHL<L?2I%

9=0U-H1)62*G<AO6

3. J6R9*+G*#CAGK*60O?*)6>D4EULE6G*#CAGK*G-FPIL4XR3"#$"%&'()*+1F(L*,*%-./01203

G%;@2?V=6T 1MV=?1M'=2?+$Z$R*2#ILE6G*#HIJ%PIL4XR3"#$"%&'()*+,*%-./01203(@?D4
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+5>1)<.1B6'()*A?%A5*+4D)<I(*C%H'<6>)<(?@2A

G*#R')-31#V=?+..........P%<?+G*#E&L1%V?H(@?G*#1G'HS*RB$R*2H-6&%?H1%V?HJH+4?H.I+E6PIL4XR3"#$

"%&'()*+1F(L*,*%-./01203/Y0"2"G%F'6 ?0 90=D2@DHL#-FG*#(-H2L*2 (Effect of Blood Transfusion on 

Pulmonary Arterial Hypertension in Non-Splenectomized Beta Thalassemia/Hemoglobin E)……

R-6E&L$>3'63?2  R-690=..............1HV?6........................................M.C..................

! <L*M1)L* 6*3/6*+/6*+.*R ..................................................................................................... 

90=?3I@ ......................................................................................................................................... DHL?@*6

#*3%B1?03H)*G1?G.*#<L?2I%.>&#-FPIL1<L*#@R2"$#+G*#R')-3R')-390=J6F2*QF-FR-690= ......................... 

J%B<L*M1)L*3'63?21<L*#@R2"$#+G*#R')-3"H3.2-$#E)

! <L*M1)L*DHL#-F.>16*1?G.*#J.H+$R*23'63?21<L*#@R2E6"$#+G*#R')-390=<L*M1)L*DHL%+6*2 

J%BR-690= M#L?2HLR31?G.*#<L?2I%.>&#-FPIL1<L*#@R2"$#+G*#R')-3 9-O+60OG@?690=)B%+6*2E6EF3'63?2

E&L9>G*#R')-360O <L*M1)L*DHL#-FG*#?,'F*3)*GPILR')-3]A+R-(];4#B.+$Z<?+G*#R')-3 #B3B1R%*<?+G*#9>

R')-3 R',0G*#R')-3 ?-6(#*3 &#V??*G*#90=?*)1G'H<AO6)*GG*#R')-3 &#V?)*G3*90=EUL #R29-O+4#B"3U6Z90=)B

1G'H<AO6)*GG*#R')-3 J%BJ6R9*+#-GK*"H3R',0?V=6?3@*+%B1?03H <L*M1)L*201R%*J%B"?G*.1M03+M?E6

G*#/-G]*2<L?.+.-3)620$R*21<L*E)?3@*+H0J%LR "H3PILR')-3DHL(?F$>]*2(@*+ T HLR3$R*21(\2E)D2@

4bHF-+/@?61#L6)6<L*M1)L*M?E)

! <L*M1)L*#-F9#*F)*GPILR')-3R@*&*G1G'H?-6(#*3EH T )*GG*#R')-3H-+G%@*R PIL1<L*#@R2R')-3)BDHL

#-FG*##-GK*M3*F*%"H3D2@1.03$@*EUL)@*3

! <L*M1)L*20.'9,'90=)BF?G1%'G1<L*#@R2E6"$#+G*#R')-312V=?EHG\DHL "H3D2@)>1456(L?+J)L+1&(;P% 

J%BG*#F?G1%'GG*#1<L*#@R2G*#R')-360O )BD2@20P%(@?G*##-GK*"#$&#V?.'9,'?V=6 T 90=<L*M1)L*)BMA+DHL

#-F(@?D4

! PILR')-3#-F#?+R@*)B1G\F<L?2I%.@R6(-R<?+<L*M1)L*1456$R*2%-F J%B)B14bH1P3DHL1QM*B12V=?DHL

#-FG*#3'63?2)*G<L*M1)L*19@*6-O6 F;$$%?V=6E66*2<?+F#'K-9PIL.6-F.6;6G*#R')-3 $:BG##2G*#

M')*#:*)#'3,##2G*#R')-3E6$6 .>6-G+*6$:BG##2G*#?*&*#J%B3*?*)DHL#-F?6;8*(E&L1<L*2*

(#R)J%B4#B2R%<L?2I%<?+PIL1<L*#@R2R')-3 9-O+60O)B(L?+G#B9>D41MV=?R-(];4#B.+$Z1MV=?(#R).?F

$R*2]IG(L?+<?+<L?2I%19@*6-O6 "H3G*#(G%+90=)B1<L*#@R2G*#CAGK*60O<L*M1)L*DHLE&L$>3'63?290=)BE&L

20G*#(#R).?F<L?2I%4#BR-('9*+G*#JM93Z<?+PIL1<L*#@R2R')-3DHL

! PILR')-3#-F#?+R@*)BD2@20G*#1G\F<L?2I%EH T <?+PIL1<L*#@R2R')-3 1M'=21('2 &%-+)*G90=<L*M1)L*<?

3G1%'GG*#1<L*#@R2"$#+G*#R')-3J%B(L?+G*#E&L9>%*31?G.*#J%B/&#V? (-R?3@*+90=EUL(#R).?F

9-O+&2H90=.*2*#].VF$L6]A+(-R<L*M1)L*DHL
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! <L*M1)L*1<L*E)R@*  <L*M1)L*20.'9,'d90=)B(#R).?F&#V?JGLD<<L?2I%.@R6(-R<?+<L*M1)L*J%B

.*2*#]3G1%'GG*#E&L.'9,'E6G*#EUL<L?2I%.@R6(-R<?+<L*M1)L*DHL "H3(L?+J)L+E&LPILR')-3#-F9#*F

! <L*M1)L*DHL(#B&6-GR@*<L?2I%E6G*#R')-3#R2]A+<L?2I%9*+G*#JM93Z<?+<L*M1)L*90=D2@20G*#

14bH1P3UV=? )BP@*6G#BFR6G*#(@*+ T 1U@6 G*#1G\F<L?2I% G*#F-69AG<L?2I%E6JFFF-69AGJ%BE6

$?2M'R1(?#Z G*#(#R).?F G*#R'1$#*B&Z J%BG*##*3+*6<L?2I%1MV=?R-(];4#B.+$Z9*+R'U*G*# #R2

9-O+G*#EUL<L?2I%9*+G*#JM93ZE6?6*$(&#V?G*#R')-39*+HL*61S.-US-:`Z 19@*6-O6

! <L*M1)L*DHL?@*6<L?$R*2<L*+(L6J%B20$R*21<L*E)H09;G4#BG*#J%LR 3'6H01<L*#@R2E6G*#R')-3

HLR3$R*21(\2E) )A+DHL%+6*2E61?G.*#J.H+$R*23'63?260O

! ! ...................................................................................... %+6*2PILE&L$R*23'63?2

! ! (....................................................................................) UV=?PIL3'63?2 (-RF##)+

! ! R-690= ................ 1HV?6 .................................... M.C. ............................

! <L*M1)L*DHL?,'F*3]A+R-(];4#B.+$Z<?+G*#R')-3 R',0G*#R')-3 ?-6(#*3 &#V??*G*#D2@MA+

4#B.+$Z&#V?$R*21.0=3+90=?*)1G'H<AO6)*GG*#R')-3 &#V?)*G3*90=EUL #R29-O+4#B"3U6Z90=)B1G'H<AO6)*G

G*#R')-3?3@*+%B1?03H E&LPIL1<L*#@R2E6"$#+G*#R')-3(*26*2<L*+(L6DHL9#*FJ%B20$R*21<L*E)H0J%LR 

M#L?2%+6*2%+E61?G.*#J.H+$R*23'63?2HLR3$R*21(\2E)

!

! ! ...................................................................................... %+6*2PIL9>R')-3

! ! (....................................................................................) UV=?PIL9>R')-3 (-RF##)+

! ! R-690= ................ 1HV?6 .................................... M.C. ............................

! ! ...................................................................................... %+6*2M3*6

! ! (....................................................................................) UV=?M3*6 (-RF##)+

! ! R-690= ................ 1HV?6 .................................... M.C. ............................
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W)'V%(> 4

+5>1)<.1B6'()*A?%A5*+4D)<I(*C%H'<6>)<(?@2A1&8<2!VTD+4D)<I(*(?@2A"#$*#5)A;<08(I)6 15-18 ,X

G*#R')-31#V=?+..........P%<?+G*#E&L1%V?H(@?G*#1G'HS*RB$R*2H-6&%?H1%V?HJH+4?H.I+E6PIL4XR3"#$

"%&'()*+1F(L*,*%-./01203/Y0"2"G%F'6 ?0 90=D2@DHL#-FG*#(-H2L*2 (Effect of Blood Transfusion on 

Pulmonary Arterial Hypertension in Non-Splenectomized Beta Thalassemia/Hemoglobin E)…

R-6E&L$>3'63?2  R-690=..............1HV?6........................................M.C...................

! <L*M1)L* 6*3/6*+/6*+.*R ..................................................................................................... 

90=?3I@ ......................................................................................................................................... DHL?@*6

#*3%B1?03H)*G1?G.*#<L?2I%.>&#-FPIL1<L*#@R2"$#+G*#R')-3R')-390=J6F2*QF-FR-690= ......................... 

J%B<L*M1)L*3'63?21<L*#@R2"$#+G*#R')-3"H3.2-$#E)

! <L*M1)L*DHL#-F.>16*1?G.*#J.H+$R*23'63?21<L*#@R2E6"$#+G*#R')-390=<L*M1)L*DHL%+6*2 

J%BR-690= M#L?2HLR31?G.*#<L?2I%.>&#-FPIL1<L*#@R2"$#+G*#R')-3 9-O+60OG@?690=)B%+6*2E6EF3'63?2

E&L9>G*#R')-360O <L*M1)L*DHL#-FG*#?,'F*3)*GPILR')-3]A+R-(];4#B.+$Z<?+G*#R')-3 #B3B1R%*<?+G*#9>

R')-3 R',0G*#R')-3 ?-6(#*3 &#V??*G*#90=?*)1G'H<AO6)*GG*#R')-3 &#V?)*G3*90=EUL #R29-O+4#B"3U6Z90=)B

1G'H<AO6)*GG*#R')-3 J%BJ6R9*+#-GK*"H3R',0?V=6?3@*+%B1?03H <L*M1)L*201R%*J%B"?G*.1M03+M?E6

G*#/-G]*2<L?.+.-3)620$R*21<L*E)?3@*+H0J%LR "H3PILR')-3DHL(?F$>]*2(@*+ T HLR3$R*21(\2E)D2@

4bHF-+/@?61#L6)6<L*M1)L*M?E)

! <L*M1)L*#-F9#*F)*GPILR')-3R@*&*G1G'H?-6(#*3EH T )*GG*#R')-3H-+G%@*R PIL1<L*#@R2R')-3)BDHL

#-FG*##-GK*M3*F*%"H3D2@1.03$@*EUL)@*3

! <L*M1)L*20.'9,'90=)BF?G1%'G1<L*#@R2E6"$#+G*#R')-312V=?EHG\DHL "H3D2@)>1456(L?+J)L+1&(;P% 

J%BG*#F?G1%'GG*#1<L*#@R2G*#R')-360O )BD2@20P%(@?G*##-GK*"#$&#V?.'9,'?V=6 T 90=<L*M1)L*)BMA+DHL

#-F(@?D4

! PILR')-3#-F#?+R@*)B1G\F<L?2I%.@R6(-R<?+<L*M1)L*1456$R*2%-F J%B)B14bH1P3DHL1QM*B12V=?DHL

#-FG*#3'63?2)*G<L*M1)L*19@*6-O6 F;$$%?V=6E66*2<?+F#'K-9PIL.6-F.6;6G*#R')-3 $:BG##2G*#

M')*#:*)#'3,##2G*#R')-3E6$6 .>6-G+*6$:BG##2G*#?*&*#J%B3*?*)DHL#-F?6;8*(E&L1<L*2*

(#R)J%B4#B2R%<L?2I%<?+PIL1<L*#@R2R')-3 9-O+60O)B(L?+G#B9>D41MV=?R-(];4#B.+$Z1MV=?(#R).?F

$R*2]IG(L?+<?+<L?2I%19@*6-O6 "H3G*#(G%+90=)B1<L*#@R2G*#CAGK*60O<L*M1)L*DHLE&L$>3'63?290=)BE&L

20G*#(#R).?F<L?2I%4#BR-('9*+G*#JM93Z<?+PIL1<L*#@R2R')-3DHL

! PILR')-3#-F#?+R@*)BD2@20G*#1G\F<L?2I%EH T <?+PIL1<L*#@R2R')-3 1M'=21('2 &%-+)*G90=<L*M1)L*<?

3G1%'GG*#1<L*#@R2"$#+G*#R')-3J%B(L?+G*#E&L9>%*31?G.*#J%B/&#V? (-R?3@*+90=EUL(#R).?F

9-O+&2H90=.*2*#].VF$L6]A+(-R<L*M1)L*DHL
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! <L*M1)L*1<L*E)R@*  <L*M1)L*20.'9,'d90=)B(#R).?F&#V?JGLD<<L?2I%.@R6(-R<?+<L*M1)L*J%B

.*2*#]3G1%'GG*#E&L.'9,'E6G*#EUL<L?2I%.@R6(-R<?+<L*M1)L*DHL "H3(L?+J)L+E&LPILR')-3#-F9#*F

! <L*M1)L*DHL(#B&6-GR@*<L?2I%E6G*#R')-3#R2]A+<L?2I%9*+G*#JM93Z<?+<L*M1)L*90=D2@20G*#

14bH1P3UV=? )BP@*6G#BFR6G*#(@*+ T 1U@6 G*#1G\F<L?2I% G*#F-69AG<L?2I%E6JFFF-69AGJ%BE6

$?2M'R1(?#Z G*#(#R).?F G*#R'1$#*B&Z J%BG*##*3+*6<L?2I%1MV=?R-(];4#B.+$Z9*+R'U*G*# #R2

9-O+G*#EUL<L?2I%9*+G*#JM93ZE6?6*$(&#V?G*#R')-39*+HL*61S.-US-:`Z 19@*6-O6

! <L*M1)L*DHL?@*6<L?$R*2<L*+(L6J%B20$R*21<L*E)H09;G4#BG*#J%LR 3'6H01<L*#@R2E6G*#R')-3

HLR3$R*21(\2E) )A+DHL%+6*2E61?G.*#J.H+$R*23'63?260O

! ! ...................................................................................... %+6*2PILE&L$R*23'63?2

! ! (....................................................................................) UV=?PIL3'63?2 (-RF##)+

! ! R-690= ................ 1HV?6 .................................... M.C. ............................

! <L*M1)L*DHL?,'F*3]A+R-(];4#B.+$Z<?+G*#R')-3 R',0G*#R')-3 ?-6(#*3 &#V??*G*#D2@MA+

4#B.+$Z&#V?$R*21.0=3+90=?*)1G'H<AO6)*GG*#R')-3 &#V?)*G3*90=EUL #R29-O+4#B"3U6Z90=)B1G'H<AO6)*G

G*#R')-3?3@*+%B1?03H E&LPIL1<L*#@R2E6"$#+G*#R')-3(*26*2<L*+(L6DHL9#*FJ%B20$R*21<L*E)H0J%LR 

M#L?2%+6*2%+E61?G.*#J.H+$R*23'63?2HLR3$R*21(\2E)

!

! ! ...................................................................................... %+6*2PIL9>R')-3

! ! (....................................................................................) UV=?PIL9>R')-3 (-RF##)+

! ! R-690= ................ 1HV?6 .................................... M.C. ............................

! ! ...................................................................................... %+6*2M3*6

! ! (....................................................................................) UV=?M3*6 (-RF##)+

! ! R-690= ................ 1HV?6 .................................... M.C. ............................
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W)'V%(> '

+5>1)<.1B6'()*A?%A5*+4D)<I(*C%H'<6>)<(?@2A1&8<2!VTD."%HBAG5!K<<*

"$#+G*#R')-31#V=?+........P%<?+G*#E&L1%V?H(@?G*#1G'HS*RB$R*2H-6&%?H1%V?HJH+4?H.I+E6PIL4XR3

"#$"%&'()*+1F(L*,*%-./01203/Y0"2"G%F'6 ?0 90=D2@DHL#-FG*#(-H2L*2 (Effect of Blood Transfusion on 

Pulmonary Arterial Hypertension in Non-Splenectomized Beta Thalassemia/Hemoglobin E)......

R-6E&L$R*23'63?2 R-690=..............1HV?6........................................M.C.....................

! <L*M1)L* 6*3/6*+/6*+.*R........................................................................ /A=+20$R*2.-2M-6,Z

1456 ................. <?+ H.U./H.8./6*3/6*+/6*+.*R .................................................................. DHL?@*6

#*3%B1?03H)*G1?G.*#<L?2I%$>?,'F*3.>&#-FPIL1<L*#@R2G*#R')-390=J6F2*QF-FR-690= ........................ 

J%LR<L*M1)L*3'63?2E&L H.U./H.8./6*3/6*+/6*+.*R.......................................................................1<L*

#@R2E6"$#+G*#R')-3"H3.2-$#E)

! <L*M1)L*DHL#-F.>16*1?G.*#J.H+$R*23'63?21<L*#@R2E6"$#+G*#R')-390=<L*M1)L*DHL%+6*2 

J%B R-690= M#L?2HLR31?G.*#<L?2I%$>?,'F*3.>&#-FPIL1<L*#@R2E6"$#+G*#R')-3 9-O+60OG@?690=)B%+6*2

E6EF3'63?21<L*#@R2E6G*#R')-360O <L*M1)L*J%BPIL1<L*#@R2G*#R')-3DHL#-FG*#?,'F*3)*GPILR')-3]A+

R-(];4#B.+$Z<?+G*#R')-3 #B3B1R%*<?+G*#9>R')-3 R',0G*#R')-3 ?-6(#*3 &#V??*G*#90=?*)1G'H<AO6

)*GG*#R')-3 &#V?)*G3*90=EUL#R29-O+4#B"3U6Z90=)B1G'H<AO6)*GG*#R')-3J%BJ6R9*+#-GK*"H3R',0?V=6

?3@*+%B1?03H <L*M1)L*J%BPIL1<L*#@R2G*#R')-3201R%*J%B"?G*.1M03+M?E6G*#/-G]*2<L?.+.-39-O+&2H

)620$R*21<L*E)?3@*+H0J%LR "H3PILR')-3DHL(?F$>]*2(@*+ T 90=<L*M1)L*J%BPIL1<L*#@R2G*#R')-3 .+.-3HLR3

$R*21(\2E)D2@4bHF-+/@?61#L6)6<L*M1)L*J%BPIL1<L*#@R2G*#R')-3 M?E)

! <L*M1)L*J%BPIL1<L*#@R2E6"$#+G*#R')-3DHL#-F9#*F)*GPILR')-3R@*&*G1G'H?-6(#*3EH T )*GG*#

R')-3H-+G%@*R PIL1<L*#@R2R')-3)BDHL#-FG*##-GK*M3*F*% "H3D2@1.03$@*EUL)@*3

! <L*M1)L*1<L*E)]A+.'9,'90=)BF?G1%'GG*#1<L*#@R2G*#R')-3 12V=?EHG\DHL"H3D2@)>1456(L?+J)L+

1&(;P%J%BG*#F?G1%'GG*#1<L*#@R2G*#R')-360O )BD2@20P%(@?G*##-GK*"#$&#V?.'9,'?V=6T 90=PIL1<L*#@R2

G*#R')-3)BMA+DHL#-F(@?D4

! PILR')-3#-F#?+R@*)B1G\F<L?2I%1QM*B1G0=3RG-F(-R<?+PIL1<L*#@R2G*#R')-31456$R*2%-F J%B)B

14bH1P3DHL1QM*B12V=?DHL#-FG*#3'63?2)*G<L*M1)L*19@*6-O6 F;$$%?V=6 E66*2<?+F#'K-9PIL.6-F.6;6

G*#R')-3 $:BG##2G*#M')*#:*)#'3,##2G*#R')-3E6$6 J%B.>6-G+*6$:BG##2G*#?*&*#J%B3* 

?*))BDHL#-F?6;8*(E&L1<L*2*(#R)J%B4#B2R%<L?2I%.@R6(-R<?+PIL1<L*#@R2G*#R')-3 9-O+60O)B(L?+

G#B9>D41MV=?R-(];4#B.+$Z1MV=?(#R).?F$R*2]IG(L?+<?+<L?2I%19@*6-O6 "H3G*#(G%+90=)B1<L*#@R2

G*#CAGK*R')-360O<L*M1)L*DHLE&L$R*23'63?290=)BE&L20G*#(#R).?F<L?2I%4#BR-('9*+G*#JM93Z<?+PIL

1<L*#@R2G*#R')-3DHL
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! PILR')-3#-F#?+R@*)BD2@20G*#1G\F<L?2I%EH T <?+PIL1<L*#@R2G*#R')-3 1M'=21('2 &%-+)*G90=<L*M1)L*

<?3G1%'GG*#1<L*#@R2"$#+G*#R')-3J%B(L?+G*#E&L9>%*31?G.*#J%B/&#V?(-R?3@*+90=EUL(#R).?F

9-O+&2H90=.*2*#].VF$L6]A+(-RPIL1<L*#@R2G*#R')-3

! <L*M1)L*1<L*E)R@* <L*M1)L*J%B PIL1<L*#@R2G*#R')-320.'9,'d90=)B(#R).?F&#V?JGLD<<L?2I%.@R6

(-R<?+PIL1<L*#@R2G*#R')-3J%B.*2*#]3G1%'GG*#E&L.'9,'E6G*#EUL<L?2I%.@R6(-R<?+PIL1<L*#@R2G*#R')-3

DHL "H3(L?+J)L+E&LPILR')-3#-F9#*F

! <L*M1)L*DHL(#B&6-GR@*<L?2I%E6G*#R')-3#R2]A+<L?2I%9*+G*#JM93Z90=D2@20G*#14bH1P3UV=?<?+

PIL1<L*#@R2G*#R')-3 )BP@*6G#BFR6G*#(@*+ T 1U@6 G*#1G\F<L?2I% G*#F-69AG<L?2I%E6JFFF-69AGJ%B

E6$?2M'R1(?#Z G*#(#R).?F G*#R'1$#*B&Z J%BG*##*3+*6<L?2I%1MV=?R-(];4#B.+$Z9*+R'U*G*# 

#R29-O+G*#EUL<L?2I%9*+G*#JM93ZE6?6*$(&#V?G*#R')-39*+HL*61S.-US-:`Z 19@*6-O6

! <L*M1)L*DHL?@*6<L?$R*2<L*+(L6 J%B20$R*21<L*E)H09;G4#BG*#J%LR 3'6H0E&L H.U./H.8./6*3/

6*+/6*+.*R ................................................................................................. 1<L*#@R2E6"$#+G*#R')-3

HLR3$R*21(\2E) )A+DHL%+6*2E61?G.*#EF3'63?260O

! ! ........................................................................%+6*2PILJ96"H3U?F,##2

! ! (......................................................................) UV=?PILJ96"H3U?F,##2 (-RF##)+

! ! ...........................$R*2.-2M-6,Z<?+PILJ96"H3U?F,##2G-FPIL1<L*#@R2G*#R')-3

! ! R-690= ................ 1HV?6 .................................... M.C. ............................

!

! <L*M1)L*DHL?,'F*3]A+R-(];4#B.+$Z<?+G*#R')-3 R',0G*#R')-3 ?-6(#*3 ?*G*#D2@MA+4#B.+$Z 

&#V?$R*21.0=3+90=?*)1G'H<AO6)*GG*#R')-3 &#V?)*G3*90=EUL#R29-O+4#B"3U6Z90=)B1G'H<AO6)*GG*#R')-3

?3@*+%B1?03H E&LPILJ96"H3U?F,##2<?+PIL1<L*#@R2G*#R')-3(*26*2<L*+(L6DHL9#*FJ%B20$R*2

1<L*E)H0J%LR M#L?2%+6*2%+E61?G.*#J.H+$R*23'63?2HLR3$R*21(\2E)

! ! ......................................................................................%+6*2PIL9>R')-3

! ! (....................................................................................) UV=?PIL9>R')-3 (-RF##)+

! ! R-690= ................ 1HV?6 .................................... M.C. ............................

! ! ......................................................................................%+6*2M3*6

! ! (....................................................................................) UV=?M3*6 (-RF##)+

! ! R-690= ................ 1HV?6 .................................... M.C. ............................
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W)'V%(> 6

1?G.*#<L?2I%$>?,'F*3.>&#-FPIL1<L*#@R2E6"$#+G*#R')-3

(Information sheet for research participant)

GE$5H'<6>)<(?@2A...........P%<?+G*#E&L1%V?H(@?G*#1G'HS*RB$R*2H-6&%?H1%V?HJH+4?H.I+E6PIL4XR3

"#$"%&'()*+1F(L*,*%-./01203/Y0"2"G%F'6 ?0 90=D2@DHL#-FG*#(-H2L*2 (Effect of Blood Transfusion on 

Pulmonary Arterial Hypertension in Non-Splenectomized Beta Thalassemia/Hemoglobin E)......

.Y"A=VTD"&(?@2A
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4D5*T/VTD+4D)<I(*>)<RS>M)
1%<90= __________

"#$4#B)>(-R?V=6 ________________________________________________________________

______________________________________________________________________________

BW _______ kg.  Ht _______ m.  BMI _______ kg/m2

P%G*#(#R) Hb typing _____________ (       /       /       )

DHL#-F1%V?H$#-O+J#G 12V=??*3; _______ 4[ 1M#*B _________________________________________

,<0(29?>)<92B*D)*
! 3-+D2@DHL#-FG*#(-H2L*2

! DHL#-FG*#(-H2L*2J%LR 12V=? _________________ 1M#*B ____________________________

W)(0 hemochromatosis 

! D2@20

! 20

>)<CGDA)/B%F&8%2>
! D2@20

! 20 UV=?3* _______________________ 12V=? ____________ #B3B1R%* ____________

A)"#$CGDC%,7@@;!2%
1. ___________________________________       4. ___________________________________

2. ___________________________________       5. ___________________________________

3. ___________________________________       6. ___________________________________

Chelating agent

! D2@DHL#-F

! DHL#-F UV=?3* ___________________ 12V=? __________________________

<6*H2L*2 (R-H)*G<?F%@*+.;H<?+G#BHIG/0="$#+<L*+/L*3) ____________ cm.

anti HIV ____________ ANA ____________ Auto Ab ______________________________

BUN/Cr ____________

SGOT/SGPT ____/____ Alkaline Phosphatase ____ TB/DB ____/____ alb/glb ____/____

Other _________________________________________________________________________

______________________________________________________________________________

Version 2.0 Dated 12 Sep 2011

52



1%<90= __________

CBC 12V=?1<L*#-FG*#CAGK* (        /        /        )

   Hgb ______ g/dL  Hct ______%  MCV ______ fL  MCH ______ pg  nRBC ______/100 WBC

   platelet ______ x 103/mm3  WBC ______/mm3  [ N ____ L ____ M ____ E ____ B ____ ]

serum ferritin 12V=?1<L*#-FG*#CAGK* (        /        /        ) ____________ ng/mL

LDH 12V=?1<L*#-FG*#CAGK* (        /        /        ) ____________ U/L

NT-pro BNP 12V=?1<L*#-FG*#CAGK* (        /        /        ) ____________ pg/mL

O2 saturation (room air) ____________%

,<0(29?>)<C8D+/E5B [ G%;@2$RF$;2 - G%;@2CAGK* (DHL1%V?H.2=>1.2?) ]

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec note

Bld Tx

preTx Hb

Bld Tx

preTx Hb

Bld Tx

preTx Hb

Bld Tx

preTx Hb

Bld Tx

preTx Hb

Bld Tx

preTx Hb

#R2DHL#-F1%V?H ____________ 3I6'( 1Q%0=3DHL#-F1%V?H ____________ 3I6'(/4[
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1%<90= __________

V/>)<9<(@ echocardiography (     /     /     )

! Tricuspid regurgitant jet velocity _______________ m/s

! RVSP _______________ mmHg!! TAPSE _______________ mm

! LVEF _______________ % (by _______________ method)

! Cardiac output _____________ L/min! Cardiac index _______________ L/min/m2

! E/E’ ratio _______________

! PAP;S/M/D __________/__________/__________ mmHg

! LA size _______________ mm! ! LV size _______________ mm

! RA size _______________ mm! ! RV size _______________ mm

! Main pulmonary artery diameter _______________ mm

! LA volume index _____________ cc/m2
!LV volume index ___________ cc/m2

! RA pressure _______________ mmHg

! Pulmonary vascular resistance _______________ mmHg·min/l

! intracardiac shunt _________________________________________________________

! other ___________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________
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1%<90= __________

Epworth Sleepiness Scale (ESS) 

! E6.]*6G*#:Z(@*+T H-+(@?D460O 9@*620"?G*.+0F&%-F&#V?1P%?&%-F "H390=9@*6D2@DHL#IL.AG

?@?61M%03 2*G&#V?6L?31M03+EH ?3I@E6#BH-F90=#;6J#+&#V?D2@

! 0 = D2@1$31%3, 1 = 20"?G*.1%\G6L?3, 2 = 20"?G*.4*6G%*+, 3 = 20"?G*..I+2*G

.]*6G*#:Z '0.%%

1. <:B6-=+?@*6&6-+.V?

2. <:B6-=+HI"9#9-C6Z

3. <:B6-=+1Q3T 6?GFL*6 E690=.*,*#:B 1U@6 E6&L?+.2;H E6"#+S*M36(Z

4. <:B1456PIL"H3.*#E6#] 1#V? #]DW 1$#V=?+F'6 ('H(@?G-614561R%*6*61G'6 1 

U-=R"2+

5. <:B6-=+1+03FT&%-+#-F4#B9*6?*&*#G%*+R-6 "H3D2@DHLHV=2J?%G?Y?%Z

6. <:B6-=+1?6&%-+M-GP@?6U@R+F@*3(*2"?G*.

7. <:B<-F#] (&#V?3*6M*&6B?V=6) J%LR#] (&#V?3*6M*&6B?V=6) (L?+&3;H6'=+ 

2-3 6*90 (*2)-+&RB)#*)#

8. <:BMIH$;3G-F$6?V=6

<(*
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,<0(29?VTD+4#A%(?"A)%?Y%K=

UV=? 6M.U1%R-6  S'8"8"U('R+CZ

R-61HV?64[1G'H 2 G#G_*$2 M.C. 2520 G#;+19M2&*6$#

4#BR-('G*#CAGK*J%BG*#9>+*6

! 6'.'($:BJM93ZC*.(#Z );^*%+G#:Z2&*R'93*%-3 2538-2544

! JM93Z1M'=2MI69-GKB "#+M3*F*%1U03+$> )-+&R-HMB13* 2544-2545

! JM93Z4#B)>"#+M3*F*%<;63R2 )-+&R-HJ2@Y@?+.?6 2545-2546

! JM93Z4#B)> "#+M3*F*%1U03+$> )-+&R-HMB13* 2546-2547

! JM93Z4#B)>FL*6?*3;#C*.(#Z "#+M3*F*%);^*%+G#:Z 2547-2550

! JM93Z4#B)>"#+M3*F*%FL*66* )-+&R-H6$#6*3G 2550-2551

! JM93Z4#B)>"#+M3*F*%1)#'8G#;+4#BU*#-GKZ G#;+19M2&*6$# 2551-2553

4#'88*J%B4#BG*C603F-(#

! JM93C*.(#F-:`'( );^*%+G#:2&*R'93*%-3 2544

! R;N'F-(#JM93ZPIL1U0=3RU*8.*<*?*3;#C*.(#Z 2550

.2*U'G.2*$2R'U*U0M

! .2*U'G#*UR'93*%-3?*3;#JM93ZJ&@+4#B19CD93
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