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Abstract: [ Objective] To quantify the myocardial, hepatic and pancreatic iron overload in B—thalassemia major (B-
TM) using MRI T2* technique, and to analyze the relationship of iron deposition between the liver, pancreas and myocar-
dium.[Methods] A total of 109 B—TM patients were enrolled in this retrospective study. Clinical and laboratory data were
collected and patients were performed 1.5T T2* sequence MR scan on the heart, liver and pancreas. The spearman rank
correlation was employed to analyze the relationship between liver T2*, pancreas T2* and myocardium T2*. Wilcoxon rank
sum test was used to compare liver T2* values in the two groups: group A (n=32) with patients suffering from both myocar-
dium iron overload (MIO) and liver iron overload (LIO), group B (n=69) with patients suffering from LIO only. Wilcoxon
rank sum test was used to compare pancreas T2* values in another two groups: group C (n=34) with patients suffering

from both MIO and pancreas iron overload (PIO), group D (n=58) with patients suffering from PIO only. Receiver operat-
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ing characteristic (ROC) analysis was used to calculate the possibility of using hepatic and pancreatic iron as a predictor of
myocardium iron deposition. [ Results] The median T2* of myocardium, liver and pancreas of the 109 B—TM patients was
27.7 (3.2~45.4) ms, 1.8 (0.7~18.6) ms, 6.1 (1.1~42.9) ms, respectively. With the cut—off level of 20 ms, MIO was de-
tected in 34 cases (31.2%) , the youngest one being 7 years old. With the cut—off level of 6.3 ms, LIO was detected in 101
cases (92.7%) , the youngest being 5 years old. With the cut—off level of 26 ms, PIO was detected in 92 cases (84.4%) ,
the youngest being 5 years old. Both liver T2*(r= 0.453, P<0.001) and pancreas T2* (r= 0.597, P<0.001) were positive-
ly correlated with myocardium T2*. Liver T2* values in group A were lower than those in group B (Z=3.048, P=0.002).
Pancreas T2* values in group C were lower than those in group D (Z=6.682,P<0.001). ROC analysis of liver and pancreas
R2%(1/T2%) for diagnosing MIO revealed significant distinguishing power of liver R2* (P=0.009) and pancreas R2* (P<
0.001), with area under the curve (AUC) of 0.660, 0.933 and 95% confidence interval of 0.543-0.777, 0.881-0.985, re-
spectively. [ Conclusions] Liver and pancreas iron overload occurr early and overwhelmingly in B—TM patients. Iron depos-

its earlier in the liver and pancreas than that in the myocardium. Both hepatic and pancreatic iron level are correlated with

myocardial iron level, and can be predictors of the latter.
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Table 1 Demographics and clinical characteristics
of 109 B—TM patients [M(P,;~P.;) orn(%) |

Items Results
10.5(5.0~35.0)
75(69)/34(31)
3000(445~13 080)
11.0(0.0~96.0)
9.0(2.0~34.0)

Agelyears

Gender, male/female/n(%)
Serum ferritin/(ng/mL)
Initial transfusion/mo
Transfusion duration/years
Regular transfusion/yes/no, n(%)  75(69)/34(31)
52.8(2.4~265.6)
4.0(0.25~15.0)
5.3(0.5~34.0)
78(72)/31(28)

Iron input/g
Initial chelation/years
Chelation duration/years

Regular chelation/yes/mo, n(%)

Values are reported as median (range) , except Gender,
regular transfusion and regular chelation (data are frequencies

with percentage in parentheses). TM: thalassemia major.
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Table 2 Correlations between T2* values and clinical and laboratory data of 109 3—TM patients (ms)
Myocardium T2* Liver T2* Pancreas T2*

Agelyears r=-0.348" NS r=-0.362"
Serum ferritin/(ng/ml.) r=-0.302" r=—0.533” r=-0.368"
Initial transfusion/mo r=0.320" NS r=0.376"
Transfusion duration/years r=-0.456" r=—0.201" r=—-0.541”
Iron input/g r=-0.408" NS r=-0.485"
Initial chelation/years NS r=—0.204" NS

Chelation duration/years r=-0.257" NS r=—-0.362"

D P<0.05,% P<0.01. TM: thalassemia major; NS: not significant.
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A: The graph shows that liver T2* is positively correlated with myocardium T2%(r=0.453, P<0.001). Nearly 1/3(32/101) patients with LIO suffered
from MIO, but there were two patients without LIO suffering from MIO. B: The graph shows that pancreas T2* is positively correlated with myocardium
T2%(r=0.597, P<0.001). All (34/34) patients with MIO suffered from PIO, but no patient without PIO suffered from MIO. C: The graph shows that SF is
negatively correlated with myocardium T2%(-=-0.302, P<0.001). Nearly 40% (20/50) patients with SF>3 000 ng/mL suffered from MIO, but there are
nearly 24% (14/59) patients with SF<3000 ng/mL suffering from MIO. The vertical dashed lines in Fig 1A~C refers to the cut—off point of P10, LIO, and
SF=3 000 ng/mL, respectively. All the three horizontal dashed lines of the three figures refers to the cut—off point of the MIO. PIO: pancreas iron over-
load; LIO: liver iron overload; MIO: myocardium iron overload; SF: serum ferritin; TM: thalassemia major.
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Fig.1 The scatter plot among myocardium T2* and pancreas T2*, liver T2*, serum ferritin of the 109 3—TM patients
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A: Patients in group A (n=32) suffered from both MIO and LIO, while those in group B (n=69) only suffered from LIO. Significant difference was
found in liver T2* of the two groups (£=3.048, P=0.002), with lower liver T2* values in group A. B: Patients in group C (n=34) suffered from both MIO
and PIO, while those in group D (n=58) only suffered from PIO. Significant difference was found in pancreas T2* of the two groups (£=6.682,P<0.001),
with lower pancreas T2* values in group C. C: Patients in group E (n=20) suffered from MIO and with SF>3 000 ng/mL, while those in group F (n=30)
had SF>3 000 ng/mL, but without MIO. No significant difference was found in SF values of the two groups (Z=1.753, P=0.080). MIO: myocardium iron

overload; LIO: liver iron overload; PIO: pancreas iron overload; SF: serum ferritin. ' P<0.01; NS, not significant.
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Fig.2 Box-whisker plots of pancreas T2*, liver T2* and SF in different groups divided by myocardium T2* values
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Pancreas R2* demonstrates good discriminatory power to discrimi-
nate between patients with normal myocardium iron level versus those
with MIO, with an AUC of 0.933. While liver R2* and SF only show a
weak discriminability with AUC of 0.660, 0.663, respectively. SF: se-
rum ferritin; MIO: myocardium iron overload; AUC: area under the
curve.
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Fig.3 ROC curve of liver R2*, pancreas R2*and SF to

discriminate patients with MIO
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Table3 Comparison of the ROC analysis of pancreas
R2%, liver R2* and SF in diagnosing MIO

Std. 95% confi-
AUC P

Error  dence interval

Liver R2* 0.660 0.060 (0.543,0.777)  0.009
Pancreas R2*  0.933 0.027 (0.881,0.985) <0.001

SF 0.663 0.059 (0.548,0.778)  0.008

ROC: receiver operating characteristic; SF: serum ferritin;
MIO: myocardium iron overload; AUC: area under the curve;

Std, standard.
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Table 4 Sensitivity, specificity, FNR, FPR and PPV of different cut—off points of pancreas R2* for diagnosis of MIO

Cut-off points  Pancreas R2*(s™) Sensitivity Specificity FNR PPR PPV
Point 1 94 0.97 0.49 0.03 0.51 33/72, 46.5%
Point 2 168 0.94 0.73 0.06 0.27 32/53, 61.5%
Point 3 232 0.81 0.93 0.19 0.07 28/33, 85.0%

FNR: false negative rate; FPR: false positive rate; PPV : positive predictive value; MIO: myocardium iron overload.



5411 BRSO, A MRI-T2# K60 B~ AU b g 2 0O T JBRERTTAR A I PR A1 (1 617

SI

e
5660{c=0
0 R-Square = 0.9961

28300 T2* = 869|

22640 {
a * expl -bx) + ¢

169801 3 7boerada

11320 {p=-0.115 —1

N

TE/milliseconds

0 S 10 15 20

e \\ [T2* = 2.85]
9600
a *éxp(l /-bx) +c
2200 a= 1.755e+004
480015 =-03513
24004c=0 R R R XX
0 R-Square = 0.9952~—
0 5 10 15

TE/milliseconds D

A showed the ROI on the interventricular septum, the myocardium T2* value=8.69 ms (B), indicate severe myocardium iron overload. C showed the

ROI on the pancreas head, the pancreas T2* value=2.85 ms (D), indicate severe pancreas iron overload. TM: thalassemia major; ROI: region of interest;

SI: signal intensity.
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Fig.4 The myocardium and pancreas T2* measurement figures of a 17—year—old 3—TM patient

B4 SR B A T R AR ORR ™ B O ILERTIT
FRUS 3 R R DT RRUAE G o A BRA 2 i A o 5
K Noetzli 56 HF 5% 45 B35 B R B-TM 345 0 LR
DURRAS 5 T IR DR . ARWFE R R DOR AR
ALY = R I LR DT, - Bl
VR B B (R P AL R FFE T2+ 19 22 57 A 40
7R S, R G 0 UVBR DR Y S8 35 JHEE T2 B
SR B RO ™ o, i — 2D R AR
JnE A g 5 O WU DTRRAE DG . (B i 3 5 PR A7
16, LR BT IRk 2 o 1 8 O LR DU i A
), A FE I IIE R2 0.0 LR TR A ROC ith £k 1
7 RGO B LR AR B2 Wi R BE I A
Eb B2 MG S5 T 5 05 FH A O AR (PR VR JEE > 15 mg/
g T ) F.C LR BT AR 112 R s I, H: ROC
M T A 0771, BIRIZKIALREA &, 1 H
T AR A R T O LR OR8], (EL A 2
HH T e PR AT, E R IR R DO G 225 | e /2 8
A EE A, 3t A 9 O LR DR R AL T 32401

S IFEIEAR L, BRI AR [R) AR T LR T
U R A, 5 SO B 2 AR RS e
R ONUR S B IE R, R R AR 5
I O VR TCARR 4> ) 5 i C LR DT RR G
JHR R F AT AN R R A R TR, TR AR R TR ) HR
T, 29 37% B AE O WVERTTRR , oAy 63% i3 0 L4k
SRR, AL R RE T2 H 22 R A S FE X,
(] Fsf 5 0 VAR T 170 BB 28 Bl e T2 {1 0 R
PRERDURR ™5, PR AR R DT 5O WL TR
SEIEARSE A O RBFNE 5.0 WK DT O R T
R R A5 R R O LA M R AR B
4 fE - HA AR R B LAVES 25 -3 18 , 7] LAY AR
F-HE AP T S S R A 20 A 1 )

R A ZR 2D, S A, AR LR TR
T, R R2* (1912 W 20 BE = (ROC it 4k T 1 H
0.933) , B & & F AW 5 IE R2 Bt oo (LR DT AR
HIZWRLEE (ROC 4k B AR 0.660) , 1 H 55 T No-
etzli 561 B AR R2* F00.Co ILER TE AR A 85 fiE (ROC
Mk N A1 0.890) . MG ROC S5 H , ANMF 55 FA41 1
HUT 3ANBE IR R2HEAE M2 WO WU TTOAR R A s ok
i, Horb 8% 3OBEAR R2#=232 7', Bl T2*=
4.3 ms) BARIZWHBBUR M B i, 1R IR IK, ELBH 7l
DU e 5, AR BRI % (R 2 %) MG s L 3K 19%
NG TAE R T A iR o s 1OBRAR R2%=94 57",
B T2*#=10.6 ms) A& 2 (AR R2*=168 57", Rl T2*
=6.0 ms) ¥ HA IS WHEURE & B IIHER (2 %R)
AV B BH M 0000 1 v 25 1 AR 0 3 FH A S O A
AL AU 1B R2%=94 s, Bl T2%=10.6 ms) &
HEARIEIZE (3%) , H5 Noetali " “HF 55 15 H Y
O (BAR R2#=100 s™) 5 30T, W HA A AR
ZWHEIENE (38 97%) R BIPER (Tsi2 %) BIRAK
(¥ 3%) , H FH B0 AE H 55 (46.5% E 61.5%) .
3.3 MRI-T2*FE=# MO AN BT AE L BE AR K T AR I
REXRELEES

[IIRT-§7 % AR EOF ool F ATl X S s PO N (=W =Rl
AR, H AN g it S i LR — 38 B R TR
FITENL, Bz ZF0 2 048, bRkt 2040, 2 4E |
JUE S U e g b POk 3 5 34 T S8 3 kAR
M Fh iR o EERASHIF ST s 2K AR S0 L
i B R T R LA — 2 A S, A I T AR AR >3
000 ng/mL &35 H 24 DU B0 LR DT, 2975 W0 L
B IEH  H AL S R A 22 R TS
B ELIM TSk 1< 3 000 ng/mlL 15 A
T 24% 0 B BT D AUVBR TR . I s k8 1



618 SRIIPNE =2 Q=2 RS H41%

FETTILC WU TR A2 Ak e 5 I IIE R2*AH )7 , 12
[ Qe 2 (AT e 8/ 1 1 7 QU PSR 0 g o
B TCHR ST, 0 IR T2 A A R K A L 1
ZH 20 MR 5th 75 5848 98 A R A, AT DA S 0 R 2k
P, VIR U B 2 | IO i B i, et
Shy il B R R R R2#E B, AR A T2 (1/R2%){E
F/N o AR E Tz B O WU R AR Y
R 5 KR ROTAR

H I, 76 A I RS2 e b, 78 -2 A0 b i 3%
I A8 FF UG RPIR T, AT 0 WL S R
T2 8K it K A, JF 8 W& A PP AG 25 8RB 9T AL
SR B N X T B R M b Sl R A
PRAR DT BRI i AR T AL, B2 B— T 78 b v ifg 21
A8 3 A5 A 0 K R UTRRUIT BOME PR H 25 B
K, RAFRL26.8% ", 1 H A IR IR 2 38 b 7% &
A B0 FIE I 0 B DRUBS O AR 6 I i 2 B
AUl PR B I B — OB S T LR AR R T
R W I 5 v [ LA B2 . i ARG
Qo [ MRS 34 e R AR R AR L B R 0k, T
DA TR AT A TS0 Pt B K U AR ) PR T2 G 4 A
G RH FL . AIATHE T an R « 1 5 , R LR K A )
) A P (R, AR AR 34 s T LIRS L
B BRI RE, TR B A ST A TIWL A
T2WIE 78 A4, R 50 3 4N J2 1 T2+
FERVAT, B AAS 2 38 AR Z2 g ), 747 E
MRI-T2*FA$ f, 38 R AR T2 (il nT AT 4 = o
AN X FARRR /N B R L JEA O I A AR R
BRI S O R K. EIAM L BRTR ), 24K
INTF 6 B FROLAT O JUE I R LR T2 A A T 2
B DR UE T 4 T 5 N T AR 2 W i A
A [ S, Ko BB LI A B 32 45 1
JUBEH . BT, AR /N B AT 0T BE R Sk A6 25 5[]
KK TARETE A AT o K, 2K AT 2 FH 3 i )
R, I B 0 AN 2 R IA T 4 B AL b A
TR R T B RGO A IE P

S 3k

[1] Higgs DR, Engel JD, Stamatoyannopoulos G. Thal-
assaemial J]. Lancet, 2012, 379(9813): 373-383.

[2] Weatherall DJ. The evolving spectrum of the epidemi-
ology of thalassemia [J]. Hematol Oncol Clin North

AR MRI-T2 A 2% H 2 48w , 43 & B 48 05F
55 D0 A0 L A1/ PG T — AR BRI T
T WUVBRTTORR H B X B — 26 75 0] LK O LR
DUBRE LR T2 9 I 43R — 4 Bk L 2> ik
SRR IR DT R R AR 7 I AMUF 5T s O Lk
DU KZHCE AR 102 VUG BRI 9E A 8
Bil/NT 10 2 (1 L BT O LR URR, il RE S AR
O E AT IR AN FEN1 S (ey APAR L EPOE
M, HLH o R RBRIA T AN 56, I LMY A4
AR SR U UK TR R AR ARSI 11 A 23 I 12
ANIE G E S

BEXE BRG] AR PEAHIF T 45 5, RIFFAE |
JER AR R AR LR R | S 3l IO LA IO i A
X B — 6 5 JF I R A U AR 5 0 LB DT LA
FHOGHE , 3 45 A i I 25400 000 T 2545 I L
BB ARTUBRMEOL, FATHEH LU @it S%
XFFARR /N B ILONT 10 %), FoATT 8 1R 35
B | 2 RIE T O R | B A TR ) 1 1 ke
ZEA FIM I B 2T O WERE L 4R T2k Ay . XS F
RIS R T 10 25 /B AR I R PIE TS L,
BB ARVFRESLT , v LARIBS A 50 I
B 0, i T2 A A 5 A BRI N FUE, IR AT AR
P i 1, 25 BRIA T 0 ST R R TR 15 ke
ZEA I AT O MR R T2+ 2
3.4 HRBRUESEE

B AW — D R IS e 1 RSO R
A BT ENY KEEARmE— D05, 56
T RS RTE RS R T2 R R B AR SRS A
SIS WE RS AR UTR A A At (E2 2 T8 A6 A )]
R, 2 D 2 K, o JULRITJ e 110 25 fl e 5 L JHF
SEO TR R AU B, G X AR R AN R
55 =, B WEOR0 L IE T2 55 25 ) T G &5
AT T A2 JESE T T2k A By Al SEE . {H
T 1 2 B K R A D 5 TR R T2 5 2
TR 25 AT R

Am, 2018, 32(2):165-175.

[3] Porter J, Viprakasit V. Iron overload and chelation
[M]. Nicosia (CY) : Thalassaemia International Fed-
eration, 2014: 42-97.

[4] Chen X, Zhang 7., Zhong J, et al. MRI assessment

of excess cardiac iron in thalassemia major: When to



o5 434 BRSO, A MRI-T2# K60 B~ AU b g 2 0O T JBRERTTAR A I PR A1 (1

619

initiate? [J]. ] Magn Reson Imaging, 2015,42(3) :
737-745.

(5] SZH8,sfhas, JpFiFe, 55 . b i 27 i 2 O |

JHFBE R BURR B MR € 2 0 5 [ ). o 4R i 27 2%
i, 2012, 46(3): 244-247.
Peng P, Huang ZK, Long LL, et al. The relationship
between heart and liver iron in thalassemia:a quanti-
tative analysis using MRI [J]. Chin J Radiol, 2012,
46(3): 244-247.

[6] Pinto VM, Bacigalupo L, Gianesin B, et al. Lack of
correlation between heart, liver and pancreas MRI-
R2%*: Results from long—term follow—up in a cohort
of adult B-thalassemia major patients [J]. Am J He-
matol, 2018, 93(3): E79 - ES2.

[7] Pfeifer CD, Schoennagel BP, Grosse R, et al. Pan-
creatic iron and fat assessment by MRI-R2* in pa-
tients with iron overload diseases[J]. J Magn Reson
Imaging, 2015, 42(1):196-203.

[8] Restaino G, Meloni A, Positano V, et al. Regional
and global pancreatic T2*, MRI for iron overload as-
sessment in a large cohort of healthy subjects: Nor-
mal values and correlation with age and gender [1].
Magn Reson Med, 2011, 65(3): 764-769.

[9] Derchi G, Dessi C, Bina P, et al. Risk factors for
heart disease in transfusion—dependent thalassemia:
serum ferritin revisited [J]. Intern Emerg Med,
2019, 14(3): 365-370.

[10] Noetzli LJ, Papudesi J, Coates TD, et al. Pancreatic
iron loading predicts cardiac iron loading in thalasse-
mia major[ﬂ. Blood, 2009, 114(19): 4021-4026.

[11] Berdoukas V, Nord A, SCarsonet al. Tissue iron
evaluation in chronically transfused children shows
significant levels of iron loading at a very young age
[J]. Am J Hematol, 2013, 88(11): E283 - E285.

[12] BRECH, JEATFY 525, 45 R MRI T2* {5 BT
il e 7Y @ My TR B 100 A8 AR N A% B R OURR A (B
[J]. AR 22435, 2017, 51(4): 284-287.
Chen YD, Long LL, Peng P, et al. Value of MRI
T2* in quantification of visceral iron deposition in pa-
tients with B —thalassemia major[ﬂ. Chin J Radiol,
2017, 51(4): 284-287.

[13] Brittenham GM, Griffith PM, Nienhuis AW, et al.
Efficacy of deferoxamine in preventing complications

of iron overload in patients with thalassemia major

[J]. N Engl J Med, 1994, 331(9): 567 - 573.

[14] Chen X, Zhang H, Yang Q, et al. Value of severe
liver iron overload for assessing heart iron levels in
thalassemia major patients [J]. ] Magn Reson Imag-
ing, 2016, 44(4) : 880-889.

[15] Noetzli L], Carson SM, Nord AS, et al. Longitudinal
analysis of heart and liver iron in thalassemia major
[J]. Blood, 2008, 112(7): 2973-2978.

[16] Coates TD. Physiology and pathophysiology of iron in
hemoglobin-associated diseases [J]. Free Radic Biol
Med, 2014,72: 23-40.

[17] e B2 2 JLRL 200 23 L 2 40, (b AR L RL

AR ZE B4y . A B M I AT LS W AR YT
6 R (2017 49) [T ). s AR JLRIRGR, 2018, 56(10)
724-729.
The Subspecialty Group of Hematology, the Society
of Pediatrics, Chinese Medical Association; Editori-
al board of Chinese journal of pediatrics. Guidelines
for the diagnosis and treatment of beta—thalassemia
major (2017) [J]. Chin J Pediatr, 2018, 56 (10) :
724-729.

[18] De Sanctis V, Soliman AT, Elsedfy H, et al. Diabe-
tes and glucose metabolism in thalassemia major: an
update[ﬂ. Expert Rev Hematol, 2016, 9(4) : 401-
408.

[19] Pepe A, Meloni A, GRossiet al. Cardiac complica-
tions and diabetes in thalassaemia major: a large his-
torical multicentre study [J]. Br J Haematol, 2013,
163(4): 520-527.

[20] PRACHR, SZAEM, ik, 55 . | RA hE AP IE

B AR PR G U AT ()], R 2R A 2
iz, 2015, 28(6) :642-645.
Lin HZ, Peng WB, Ma YZ, et al. Analysis of eco-
nomic burden of major and intermedia thalassemia in
Guangdong Province [J]. J Med Postgra, 2015, 28
(6): 642-645.

[21] Carpenter JP, He T, Kirk P, et al. On T2* magnetic
resonance and cardiac iron [J]. Circulation, 2011,
123(14): 1519-1528.

[22] Hankins JS, McCarville MB, Loeffler RB, et al.
R2* magnetic resonance imaging of the liver in pa-
tients with iron overload [J]. Blood, 2009, 113
(20) : 4853-4855.

(%8 & F)



