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ABSTRACT

Background: To explore the diagnosis and evaluation efficacy of liver iron
concentration (LIC) based on magnetic resonance quantitative technique in liver iron
overload in patients with long-term transfusion. Materials and Methods: From
November 2021 to January 2023, 30 chronic aplastic anemia (CAA) patients with long-
term blood transfusion admitted to our hospital were included as the study group.
Simultaneously, 20 healthy volunteers with matched gender and age were included in
the control group. The serum ferritin (SF), serum iron, total iron binding capacity and
transferrin saturation (TSAT) between the two groups was calculated and compared.
LIC was evaluated using Liver Magnetic resonance imaging (MRI)-R2* map imaging.
The correlation between LIC and SF and TSAT was analyzed, and the diagnosis value of
LIC in hepatic iron overload was calculated. Low-risk patients (n=22) diagnosed with
iron overload received continuous regular iron removal treatment and the SF, TSAT
and LIC were measured after 6 months. Results: SF, TSAT and LIC were higher in CAA
patients relative to the healthy controls (P<0.05). LIC was positively correlated with SF
(r=0.74, P<0.001) and TSAT (r=0.67, P<0.001). The sensitivity and specificity of LIC in
the diagnosis of hepatic iron overload were 80.00% and 100% based on SF, and 76.0%
and 100% based on TSAT, respectively. Additionally, SF, TSAT and LIC were all declined
after 6 months of treatment (P<0.05). Conclusion: The detection of LIC based on MRI-
R2* is an effective and non-invasive means for the assessment of liver iron load in

patients with long-term transfusion.

INTRODUCTION

Chronic aplastic anemia (CAA) is a refractory
leukemia with bone marrow hematopoietic failure
induced by multiple causes, and is characterized by
hematopoietic stem cell injury and peripheral blood
pantocytopenia (). The common clinical symptoms of
CAA are anemia, bleeding, and infection, with high
dependence on long-term blood transfusion (.
Moreover, the complex pathophysiological
mechanism and difficulty in treatment lead to
unsatisfactory clinical outcomes in CAA patients ().
The incidence of CAA in China has been increasing in
recent years, resulting in a corresponding increase in
clinical blood consumption 4. Since the life span of
imported red blood cells is shorter than that of
normal human red blood cells, under the action of
mononuclear macrophage system, red blood cells
rupture and release a large amount of iron ). When
the homeostasis regulation level of iron of the body is
insufficient to remove excess iron, transfusion-
related iron overload will occur (©. The increase of
iron overload in patients can directly lead to the
dysfunction of important organs such as heart, liver,

and pancreas, increase the risk of infection, and
inhibit hematopoietic function of bone marrow and
ultimately reduce the quality of life as well as shorten
the survival time of CAA patients (7).

Currently, liver biopsy is the gold standard for the
detection as well as quantification of liver iron
content, but acceptance of patients is low due to its
invasiveness and inability to assess the heterogeneity
of liver iron overload (®. At present, serum ferritin
(SF) and transferrin saturation (TSAT) are commonly
used in clinical evaluation of iron overload .
Although this method to measure SF and TAST is
simple and feasible, it also has some limitations.
Magnetic resonance imaging (MRI) is characterized
by safety, noninvasiveness, simple operation and high
accuracy (19, It also can be used to detect and
evaluate the distribution and grading of liver iron
concentration (LIC) (11,

This study aimed to investigate the value of MRI
to calculate LIC in the diagnosis and efficacy
evaluation of transfusion-related iron overload,
which may provide evidence for the clinical judgment
of iron overload in patients with long-term
transfusion.
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MATERIALS AND METHODS

General data

From November 2021 to January 2023, 30 CAA
patients with long-term blood transfusion admitted
to our hospital were selected as the study group.
Inclusion criteria: Diagnosed of CAA (12). Exclusion
criteria: (1) Patients with severe heart, brain, liver or
kidney disease, psychosis, and tumor. (2) Patients
with severe uncontrolled infection, bleeding, and
other symptoms. (3) Pregnant or lactating women.
(4) Other diseases leading to pancytopenia.

The study group contained 18 males and 12
females, with an average age of 55.43+5.62 years
(ranged from 25 to 82 years old). During the same
period, 20 healthy volunteers matched in gender and
age was selected as control group. All subjects signed
the informed consent.

Detection of serum ferritin (SF) and transferrin
saturation (TSAT) in patient serum

Fasting venous blood (3 mL) was gathered from
the participants in the morning, and serum was
collected by centrifugation. Serum iron (SI) together
with total iron binding capacity (TIBC) was measured
using Ferene method and TSAT=SI/TIBC.

The classification criteria for SF and TSAT
assessment of iron overload were as follows: SF<400
pg/L was normal, 400-2500 pg/L was mild/
moderate, and SF >2500 pg/L was severe. TSAT was
considered normal at 20%-45% in men and at 20%-
50% in women, mild/moderate at 45%-70% in men
and at 50%-70%women, and considered to be severe
at >70%.

Calculation of LIC

The GE signa HDxt 1.5 T MR Scanner (GE
Healthcare, Milwaukee, WI, USA) with a 16-channel
body coil was used to acquire R2* imaging of the liver.
Subject lied on his back and entered the instrument
foot first. R2* scanning adopted gradient echo
sequence, deep inspiration and end breath-holding
scanning, and the scanning range was 5 levels above
and below the maximum cross-section of the liver.
Parameter setting: repetition time (TR)=200 ms, echo
times (TE)=1.1 ms, 2.0 ms, 2.9 ms, 3.8 ms, 4.7 ms, 5.6
ms, 6.5 ms, 7.4 ms, flip angle (FA)=20°, layer spacing
at 1 mm, layer thickness at 10 mm, field of view
(FOV) at 400 mm x 400 mm and the matrix at 192 x
192. Two physicians with experience in abdominal
MRI diagnosis for more than 5 years were
responsible for image processing using R2Star
software of Functool package on GE AW4.4
workstation (Advantage Windows; GE Healthcare,
USA). Four regions of interest were selected at each
level of the liver, paying attention to avoiding the
large blood vessels, bile ducts and liver margins, and
the mean R2* value represented the R2* value of
patients. LIC calculation formula was LIC=0.025 4x1

000/R27+0.202. The classification criteria for LIC
assessment of iron overload were as follows: LIC less
than 3.2 mg/(g-dw) was normal, LIC at 3.2-15 mg/
(g-dw) was mild or moderate, and LIC over 15 mg/
(g-dw) was severe.

Statistical analysis

SPSS 17.0 software (IBM Corporation, Chicago, IL,
USA) was adopted for data analysis. Measurement
data were expressed as the mean =+ standard
deviation, and data comparison was subject to t-test.
Spearman analysis was implemented for correlation
analysis. P<0.05 was statistically significant. The
diagnostic efficacy of LIC for liver iron overload was
calculated, with sensitivity = true positive value/
(true positive value + false negative value), specificity
= true negative value /(true negative value + false
positive value).

RESULTS

Comparison of serum levels of SF and TSAT in both
groups

Higher serum levels of SF and TSAT were
determined in the study group relative to the control
(P<0.05, figure 1).
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Figure 1. SF and TSAT levels in the serum of patients in the
control and study groups. (A) Level of SF in patients in the two
groups. (B) TSAT levels in the serum of patients in the two
groups. SF, serum ferritin; TSAT, transferrin saturation.
*P<0.05.

Comparison of LIC in both groups

MRI-R2* sequence scanning indicated that the
liver signal of 22 CAA patients was decreased with
the extension of TE, with R2* value decreased, and
R2" value increased relative to the control, suggesting
the presence of iron overload in patient liver. The
liver signal of the other 8 patients in the study group
and the control group decreased slightly with the
extension of TE, indicating no iron deposition in the
liver. The MRI R2* images of a healthy volunteer in
the control and a CAA patient in the study group were
shown in figure 2. The LIC value was revealed to be
higher in the study group in comparison with the
control group (P<0.05, figure 3).

Correlation between LIC and SF and TSAT
As displayed in figure 4, LIC was positively
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correlated with both SF (r=0.74, P<0.001) and TSAT
(r=0.67, P<0.001).

Figure 2. MRI R2* images of one healthy volunteer in the
control group (A, LIC: 1.248-1.748) and a CAA patient in the
study group (B, 8.2381-10.40).
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Figure 4. Correlation between the levels of LIC with SF or TSAT
in patient serum. (A) The correlation between LIC and SF levels
in patient serum. (B) The correlation between LIC and TSAT
levels in patient serum. LIC, liver iron concentration; SF, serum
ferritin; TSAT, transferrin saturation.

The sensitivity and specificity of LIC in the diagno-
sis of hepatic iron overload were 80.00% and 100%
based on SF (table 1) and 76.0% and 100% based on
TSAT, respectively (table 2).

Table 1. Sensitivity and specificity of LIC to assess hepatic iron
overload based on SF.

SF
LIC Hepatic iron Non-hepatic
. Total
overload iron overload
Positive 20 (true positive) 0 (false positive) 20
Negative | 5 (false negative) 5 (true negative) 10
Total 25 5 30

LIC, liver iron concentration; SF, serum ferritin.

Table 2. Sensitivity and specificity of LIC to assess hepatic iron
overload based on TSAT

TSAT
LIC Hepatic iron over- Non-hepatic iron
Total
load overload
Positive 19 (true positive) 0 (false positive) 19
Negative | 6 (false negative) 5 (true negative) 11
Total 25 5 30

LIC, liver iron concentration; TSAT, transferrin saturation.

Comparison before and after

treatment

iron removal

Twenty-two low-risk patients diagnosed with iron

overload received continuous regular iron removal
treatment of desferramine mesylate with 20~60
mg-kg-1-d-1, subcutaneous pumping for 12 h, 14 d as a
course of treatment, with 1 week interval for each
course, and reviewed after 6 months. The changes of
SF, TSAT and LIC before and after treatment were
compared. As displayed in Figure 5, SF, TSAT and LIC
were all declined after 6 months of treatment

(P<0.05).
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Figure 5. Levels of SF, TSAT
and LIC in the serum of
low-risk patients before and
after iron removal treatment.
(A) SF levels, (B) TSAT levels,
(C) LIC levels in low-risk
patient serum before and
after continuous regular iron
removal treatment of
desferramine mesylate for 6
months. ¥*P<0.05.
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DISCUSSION

Iron overload is the most common complication of
CAA, which has attracted increasing attention in
recent years (13). Studies have demonstrated that iron
overload not only reduces the physiological function
of organs, but also changes the structure of organs
(14, In addition, excessive iron can also reduce the
immune function of natural Kkiller cells and
macrophages, causing extensive damage to related
tissues and organs (15). Therefore, it is particularly
important to correctly evaluate iron deposition in
CAA patients to guide the treatment of iron removal.

Currently, the commonly used indexes to evaluate
iron overload in clinic are SF and TSAT (16). Long-term
transfusion with a large amount of hemoglobin input
can lead to a significant increase of SF and TSAT (17,
18), SF is easy to detect with low cost. It is often
associated with systemic iron storage and can be
used to indirectly measure the iron overload in the
liver (19. However, SF is susceptible to various
factors, such as malignant tumor, liver disease,
ascorbic acid deficiency, and inflammatory reaction,
and studies have shown that the rate of increased SF
after transfusion also depends on the transfusion rate
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and disease characteristics (20.21), TSAT is a serologi-
cal marker widely used to evaluate iron balance in
vivo, and its elevation 1is associated with
methemoglobinemia (22. However, TSAT is not a
quantitative indicator of iron storage in the body or
an accurate indicator of iron content in tissues (23).
Liver biopsy is a quantitative, direct assessment of
iron content in the liver. It is highly specific and
sensitive, but complications occur in about 0.5% of
patients undergoing liver biopsy (24. Additionally,
high sampling variability due to different biopsy
specimen size or uneven distribution of iron in the
liver may lead to differences in biopsy results (25).
Therefore, a real-time, simple and noninvasive
method is urgently needed to evaluate iron content
in the liver.

With the rapid development of MRI technology,
its role in liver iron overload evaluation is
increasingly valued (26). MRI is extensively used to
detect the distribution and grading of iron content in
the liver and monitor the effect of iron removal
therapy (27). The principle of T2/R: technique for
detecting iron content in liver is that iron deposited
in liver has paramagnetic effect, which can cause
uneven local magnetic field, thus reducing T> value of
liver parenchyma and increasing R: value (28).
Compared with Tz, T>* map sequence based on MR
Multi-echo technique can better reflect the signal
inhomogeneity in tissues, with advantages such as
shorter scanning time and smaller artifacts 29). Wood
et al. have converted the R2* value into LIC value and
found that it the same as the liver iron content unit
obtained by puncture, which could be directly
compared 0. Some scholars advocate the
quantification of liver iron content using MRI-LIC and
suggest it as the standard for LIC evaluation in most
patients 31,

In our study, we used serum SF and TSAT as
diagnostic criteria to evaluate the value of LIC test
based on MRI-R2* for the evaluation of liver iron
overload in long-term transfusion patients. The
results revealed that the R2* based LIC was higher in
the CAA patients, indicating the presence of liver iron
overload, which was consistent the results of SF and
TSAT. Furthermore, the positive correlation between
LIC and serum SF or TSAT was demonstrated.
Besides, the sensitivity and specificity of LIC in the
diagnosis of hepatic iron overload were 80.00% and
100% based on SF and 76.0% and 100% based on
TSAT, respectively. In addition, the comparison of the
results before and after regular deironing treatment
in CAA patients with iron overload showed that iron
removal treatment effectively reduced the SF and LIC
levels in CAA patients.

CONCLUSION

The detection of LIC based on MRI-R2*, with high

sensitivity and specificity, is an effective and non-
invasive method to asses liver iron load in patients
with long-term transfusion. The accurate assessment
and monitoring of hepatic iron overload has a
significant impact on the prognosis and life quality of
long-term transfusion patients. As an ideal way to
evaluate the liver iron content, the R2* based LIC test
has a good consistency with the clinical iron overload
index, which can be used to guide individualized iron
removal therapy.

ACKNOWLEDGMENT
None.

Funding: None.

Conflicts of interests: The authors declare no
conflicts of interest in this study.

Ethical consideration: This study was approved by
the Ethics Committee of The First People’s Hospital of
Lanzhou City (approval number: LZLL(01)2020).
Author contribution: Y.N. and X.Z. conceived and
designed the study. Y. X. and S. Z. collected and
analyzed clinical data. Y. N. wrote the draft
manuscript. All authors reviewed and approved the
final version of manuscript.

REFERENCES

1. Bacigalupo A and Benintende G (2021) Bone marrow transplanta-
tion for acquired aplastic anemia: What's new. Best Pract Res Clin
Haematol, 34(2): 101284.

2. Young NS, Bacigalupo A, Marsh JC (2010) Aplastic anemia: patho-
physiology and treatment. Biol Blood Marrow Transplant, 16(1
Suppl): S119-25.

3. Furlong E and Carter T (2020) Aplastic anaemia: Current concepts
in diagnosis and management. J Paediatr Child Health, 56(7): 1023-
8.

4. Ye L, Zhang F, Kojima S (2020) Current insights into the treatments
of severe aplastic anemia in China. Int J Hematol, 112(3): 292-9.

5. Yang W, Zhao X, He G, et al. (2022) Iron chelation of hetrombopag
in aplastic anemia: a post hoc analysis of a phase Il study. Ann
Hematol, 101(12): 2611-6.

6. Cheong JW, Kim HJ, Lee KH, et al. (2014) Deferasirox improves
hematologic and hepatic function with effective reduction of serum
ferritin and liver iron concentration in transfusional iron overload
patients with myelodysplastic syndrome or aplastic anemia. Trans-
fusion, 54(6): 1542-51.

7. Pan T, Ji Y, Liu H, et al. (2023) Impact of Iron Overload and Iron
Chelation with Deferasirox on Outcomes of Patients with Severe
Aplastic Anemia after Allogeneic Hematopoietic Stem Cell Trans-
plantation. Transplant Cell Ther.

8. Labranche R, Gilbert G, Cerny M, et al. (2018) Liver Iron Quantifica-
tion with MR Imaging: A Primer for Radiologists. Radiographics, 38
(2): 392-412.

9. Ghoti H, Rachmilewitz EA, Simon-Lopez R, et al. (2012) Evidence for
tissue iron overload in long-term hemodialysis patients and the
impact of withdrawing parenteral iron. Eur J Haematol, 89(1): 87-
93.

10.Zimmerman MJ, Rosing DR, Shizukuda Y (2021) Advancement of
echocardiography for surveillance of iron overload cardiomyopa-
thy: comparison to cardiac magnetic resonance imaging. J Echocar-
diogr, 19(3): 141-9.

11.Sheth S, Allen CJ, Farrell DE, et al. (2019) Measurement of the liver
iron concentration in transfusional iron overload by MRI R2* and
by high-transition-temperature superconducting magnetic suscep-
tometry. Clin Imaging, 55: 65-70.

12.Killick SB, Bown N, Cavenagh J, et al. (2016) Guidelines for the
diagnosis and management of adult aplastic anaemia. Br J Haema-
tol, 172(2): 187-207.


http://dx.doi.org/10.61186/ijrr.21.4.751
http://ijrr.com/article-1-5062-en.html

[ Downloaded from ijrr.com on 2026-05-16 ]

[ DOI: 10.61186/ijrr.21.4.751 ]

Niu et al. / Detection of LIC using MRI-R2* 755

13.Wu D, Wen X, Liu W, et al. (2018) A composite mouse model of
aplastic anemia complicated with iron overload. Exp Ther Med, 15
(2): 1449-55.

14.Yang L, Wang H, Yang X, et al. (2020) Auranofin mitigates systemic
iron overload and induces ferroptosis via distinct mechanisms.
Signal Transduct Target Ther, 5(1): 138.

15.Li LX, Guo FF, Liu H, et al. (2022) Iron overload in alcoholic liver
disease: underlying mechanisms, detrimental effects, and poten-
tial therapeutic targets. Cell Mol Life Sci, 79(4): 201.

16.Hilken A, Langebrake C, Wolschke C, et al. (2017) Impact of non-
transferrin-bound iron (NTBI) in comparison to serum ferritin on
outcome after allogeneic stem cell transplantation (ASCT). Ann
Hematol, 96(8): 1379-88.

17.Zhang X, Shi Y, Huang Y, et al. (2018) Serum ferritin is a different
predictor from transfusion history for allogeneic transplantation
outcome in patients with severe aplastic anemia. Hematology, 23
(5): 291-8.

18.Chen CH, Shu KH, Yang Y (2015) Long-term effects of an oral iron
chelator, deferasirox, in hemodialysis patients with iron overload.
Hematology, 20(5): 304-10.

19.Teawtrakul N, Sirijerachai C, Chansung K, et al. (2021) The serum
ferritin levels and liver iron concentrations in patients with alpha-
thalassemia: is there a good correlation? Hematology, 26(1): 473-
7.

20.Kell DB and Pretorius E (2014) Serum ferritin is an important in-
flammatory disease marker, as it is mainly a leakage product from
damaged cells. Metallomics, 6(4): 748-73.

21.Atmakusuma TD, Kalwani R, Nasution SA, et al. (2021) Correlation
of Serum Ferritin and Cardiac Iron Toxicity with Cardiac Function in
Transfusion Dependent Beta-Thalassemia Major Patients. Acta
Med Indones, 53(3): 291-8.

22.Elsayed ME, Sharif MU, Stack AG (2016) Transferrin Saturation: A
Body Iron Biomarker. Adv Clin Chem, 75: 71-97.

23.Peyrin-Biroulet L, Williet N, Cacoub P (2015) Guidelines on the
diagnosis and treatment of iron deficiency across indications: a
systematic review. Am J Clin Nutr, 102(6): 1585-94.

24.Khalifa A and Rockey DC (2020) The utility of liver biopsy in 2020.
Curr Opin Gastroenterol, 36(3): 184-91.

25.Rockey DC, Caldwell SH, Goodman ZD, et al. (2009) Liver biopsy.
Hepatology, 49(3): 1017-44.

26.Golfeyz S, Lewis S, Weisberg IS (2018) Hemochromatosis: patho-
physiology, evaluation, and management of hepatic iron overload
with a focus on MRI. Expert Rev Gastroenterol Hepatol, 12(8): 767-
78.

27.Reeder SB, Yokoo T, Franga M, et al. (2023) Quantification of Liver
Iron Overload with MRI: Review and Guidelines from the ESGAR
and SAR. Radiology, 307(1): e221856.

28.Campbell-Washburn AE, Mancini C, Conrey A, et al. (2022) Evalua-
tion of Hepatic Iron Overload Using a Contemporary 0.55T MRI
System. J Magn Reson Imaging, 55(6): 1855-63.

29.Chapchap EC, Silva MMA, de Assis RA, et al. (2023) Cardiac iron
overload evaluation in thalassaemic patients using R2* magnetic
resonance imaging following chelation therapy: a multicentre
cross-sectional study. Hematol Transfus Cell Ther, 45(1): 7-15.

30.Wood JC, Enriquez C, Ghugre N, et al. (2005) MRI R2 and R2* map-
ping accurately estimates hepatic iron concentration in transfusion
-dependent thalassemia and sickle cell disease patients. Blood, 106
(4): 1460-5.

31.Nashwan AJ, Yassin MA, Mohamed lbrahim M|, et al. (2022) Iron
Overload in Chronic Kidney Disease: Less Ferritin, More T2(*)MRI.
Front Med (Lausanne), 9: 865669.


http://dx.doi.org/10.61186/ijrr.21.4.751
http://ijrr.com/article-1-5062-en.html

[ 9T-G0-9202 U0 woo 1[I wouy pspeojumod ] [TS2 712 14ly98TT90T (10a ]


http://dx.doi.org/10.61186/ijrr.21.4.751
http://ijrr.com/article-1-5062-en.html
http://www.tcpdf.org

