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KEY POINTS 



1. T2* mapping sequences are widely accessible in most commercial scanners and multiple tools to quantify it are 
available. 
 
2. New technical developments have made possible automated and free-breathing acquisition of T2* maps with no 
major limitations on age. 
 
3. Routine T2* assessment of iron overload is recommended in patients with chronic transfusions and have 
significantly changed prognosis and treatment strategies. 
 
4. T1 and T2 maps can be used for iron overload assessment and evidence is rapidly increasing for these alternative 
methods in this scenario. 
 
5. Intramyocardial hemorrhage, microvascular obstruction and blood oxygen level ischemia assessment are 
important variables in acute and chronic CAD that can be evaluated with T2* maps. 

 

SYNOPSIS 

T2* mapping techniques has evolved significantly since its introduction in the early 2000s and a significant amount 
of evidence has been gathered to support its clinical routine use for iron overload assessment. This review focuses 
on the most important aspects of how to perform T2* imaging, from acquisition, to post-processing to analyzing 
the data with clinical concentration. Newer techniques have made T2* mapping more robust and accurate, 
allowing for a broader use of this technique for non-contrast ischemia imaging based on blood oxygen levels, in 
addition to evaluation of intramyocardial hemorrhage and microvascular obstruction. 

 



Multi-parametric mapping of the myocardium has become an area of great interest in the recent 

year with multiple review papers and recommendation statements.1 Despite most of the focus 

initially on T1 mapping and then on T2/edema imaging, T2* mapping was the first clinically 

useful parametric mapping technique for the heart.2 Before the introduction of T2* as a 

diagnostic tool, iron induced cardiomyopathy was the most common cause of death in 

transfusion dependent thalassemic patients.  It has been now more than 18 years since the initial 

applications of T2* images in iron overload assessment began to be performed and the 

accumulated knowledge gained from that has led to important practical changes in the diagnosis 

and treatment with chelation. T2* is the current method of choice for the assessment of cardiac 

iron deposition, with proved evidence in reduction of overall mortality (improvement on life 

expectancy and less cardiovascular complications on transfusion dependent patients).  Moreover, 

faster protocols can make this technology available in developing countries. In this review, we 

summarize the most important aspects of T2* mapping when applied in clinical practice, with an 

additional look into other applications where T2* maps might also provide unique important data 

beyond traditional clinical and imaging markers. 

 

 

T2* techniques: from acquisition to post-processing 

 

Physical Parameter: T2* imaging 

T2* represents the decay of transverse magnetization due to a loss of coherence between spins and 

magnetic field inhomogeneity.3 This relaxation is measured using gradient echo (GRE) imaging. 

This transverse relaxation is eliminated when a 180-degree pulse is applied using a spin echo 



sequence (SE - true T2 relaxation) which removes the magnetic field inhomogeneity,4 as illustrated 

in Figure 1. The principle of T2* relaxation is involved in numerous MR applications with GRE 

sequences such as perfusion techniques and functional imaging sequences.  

 

T2* imaging to assess iron loading 

A fundamental principle to generate images for iron quantification is by applying a strong 

magnetic field and radiofrequency signals through GRE sequences, with time of decay controlled 

by the MRI scanner. The longer the echo time (TE) the darker the resultant image; iron-mediated 

darkening can be characterized by a half-time constant and is non-linearly proportional to the level 

of iron concentrations. Often, this darkening is described as a rate principle (R2*) rather than a 

time constant. The relaxation rate is just the reciprocal of the time constant, R2* = 1000/T2*. The 

factor of 1000 is included because T2* is expressed in milliseconds (ms) and relation rates in 

expressed in Hertz (sec-1).5, 6 To calculate T2*, an application of multiple radio frequency pulses 

leads to the generation of a series of images with different echo times (ET).7 

 

Traditional sequences to measure cardiac iron overload 

Most updated international expert consensus suggest that for T2* cardiac iron loading assessment, 

a multi-echo gradient echo with eight equally ranging from 2 to 18ms may be used o on a 1.5T 

MRI scanner.1 Fat saturation is needed for the liver, but is not essential for heart images. Good 

shimming of the heart is a requirement for accurate measurements and manual volume shimming 

may be required in order to reduce potential artifacts. Once adjusting these factors, both bright 

blood and dark blood techniques are validated and widely used clinically.8,9 



-Bright blood technique:8 images are acquired immediately after the R wave to reduce artifacts 

caused by blood flow and myocardial wall motion.4 

-Dark blood technique: a double inversion recovery pulse is used to null the signal from blood; 

multiecho T2* acquisition is extended to late diastole with minimal cardiac motions technique.10 

Compared to bright blood technique, dark blood has shown to have superior reproducibility, less 

artifact susceptibility and it is the preferred method to use clinically (Figure 2).10,9 

 

Post-processing and myocardial T2* calculation 

The measurement of myocardium iron is typically performed in a mid-ventricular short axis 

image.4, 10 The septal iron concentration largely reflects the global iron content as shown in biopsy 

studies,1, 11 so analysis can be restricted to this segment to avoid artifacts due to susceptibility 

effects (Figure 3). 

One of the most important limitations for post-processing is the signal plateau, which complicates 

the approach to the curve fitting method for evaluation the T2*.12 Different approaches have been 

designed to tackle this. The truncation model discards the late “plateau” points and then the 

remaining signal is fitted with a monoexponential equation.13 The other common method is the 

offset model, in which an exponential equation plus a constant offset is used to tackle this 

problem.7  As a general perspective, the use of offset models may produce underestimation of T2* 

values on bright-blood data, making it less reproducible when comparing with truncation method 

(Figure 4).12 

Several approaches are trying to improve truncation model accuracy, especially in severe iron 

stages, where artifact produces major limitations. Nonlocal means (NLM) providing more accurate 

pixel-by-pixel MRI relaxometry may improve tissue characterization.14 Moreover, a noise-



corrected model has been created, limiting analysis to the region of interest (ROI-base curve 

fitting) and consistently producing accurate and precise R2* values by correctly assessing the non-

central chi noise.15 Most clinical vendors and dedicated cardiovascular software have validated 

methods of interpreting T2* data with both FDA and CE-approval.16-19 Open-source software are 

also available and validated against commercial tools20-23 resulting in a large number of options 

for sites to choose from in order to quantify T2* with high accuracy. 

 

Breath hold versus free breathing techniques 

Pixel-wise mapping techniques involves curve fitting on individual pixels; it offers a more spatial 

context than ROI-based methods for the delineation of adjacent tissues with different tissue 

values24 and therefore, provides a surrogate measure of the iron distribution.7, 25-27 This technique 

covers the entire field of view and provides important information to identify artifacts that may be 

less apparent. Moreover, pixel-wise mapping is automatic, reduces time of analysis28 and the 

median values calculated from partial interventricular septum region provide lower intra- and 

inter-observer variabilities compared with conventional technique.29 However, the main limitation 

with breath-held mapping is noise and the possibility of artifacts due to the relatively long breath-

hold times. As an alternative, a free-breathing T2* mapping method was developed with full 

automation, truncation of long echo time and low SNR images after motion correction with highly 

accelerated multi-GRE acquisition and multiple averages to improve SNR. This method resulted 

in consistently good quality maps, especially when respiratory motion and arrhythmias are present 

and with same time of acquisition as breath-hold techniques.28 Other free-breathing methods also 

demonstrated accurate results in the heart, with improved temporal resolution using single-shot 

gradient-echo echo-planar imaging (GRE – EPI) enabling accurate myocardial measurement and 



being insensitive to respiratory motion.30 Figure 5 demonstrates examples of different imaging 

techniques, including breath-hold and free-breathing approaches. 

 

 

Clinical application of iron overload assessment with T2* 

 

Since its introduction in early 2001, the use of T2* imaging to guide therapy in patients with iron 

overload, coupled with improvement in chelator options and advances in other coadjuvant 

management strategies, resulted in significant reduction in cardiovascular death and disability in 

thalassemia major patients.31, 32 T2*CMR is a recommended exam in practically all clinical 

guidelines relating to iron overload treatment33-35 and its use has been summarized in specific 

recommendation statements as well.36 

 

From a practical standpoint, transfusion dependent patients should start monitoring myocardial 

T2* at the age of 10 years old if they are routinely followed and have a history of being well 

chelated.37 However, patients in whom the treatment follow-up is unclear, have irregular 

chelation or very high liver iron concentrations (LIC), may perform their first MRI scan at ages 

as early as 7 years old as significant myocardial iron concentrations (MIC) have been described 

at this early age.38 While initial T2* techniques performed poorly in very young children due to 

lack of breath holding or movement, the newer free-breathing technique cope with these 

difficulties fairly easily and provide very good quality images, making age restrictions not a 

limitation to when to begin scanning patients anymore as shown in Figure 6. 

 



Once started, routine follow-up of myocardial iron concentrations should be performed yearly in 

most patients, with this interval varying from 6 months to 2 years depending on specific clinical 

conditions and service availability.39 It is important to note that removal of cardiac iron in the 

heart is a relatively slow process and specially in acute settings (i.e. acute heart failure) the 

clinical condition will sometimes improve significantly while T2* changes will not be 

proportional.40 The main reason for this disparity is that T2* is measuring mostly chronically 

stored iron in lysosomes while the iron being mobilized by intensive chelation is in labile form, 

with little T2* effects.36 Nevertheless, monitoring the effects of iron chelation or accumulation is 

a primary target of routine MRI scans in these patients and any changes above the coefficient of 

variation of 4% for black blood images and 8% for bright blood images should be considered 

significant changes.41 

 

Another important clinical aspect of using T2* for iron overload assessment involves the 

correlation of T2* values and MIC. While for the liver, at a very early stage in the development 

of the technique, T2* values and LIC correlations were established, for the heart T2* was the 

main variable used for quantification until Carpenter et al performed the comparison of this MRI 

value to MIC measured biopsied hearts.11 As T2* and MIC are not linearly related, one must take 

this into account when assessing longitudinal changes in T2* values as significant changes in 

MIC occur when small variations are seen at low T2* values. The correlation of T2* and MIC 

can be seen in Figure 7 using the equation MIC = 45xT2*-1.21 as published by Carpenter et al.11 

 

When reporting the iron concentrations obtained with various T2* techniques, the value of 20ms 

has been traditionally associated with the normal cutoff for non-iron overloaded myocardial 



tissue based on the initial Anderson et al data that showed that almost all patients with T2*  

above these levels did not develop reductions in left ventricular ejection fraction.2 However, 

despite the popularity of this number, other authors have shown that iron deposition is frequently 

found in patients with septal T2* above these levels.42 Therefore, it would be more appropriate to 

consider the normal myocardial T2* levels according to measurements performed in normal 

volunteers where normality was established at 36.1 ± 4.5 ms.43 Nevertheless, traditional 

reporting tables for iron overload using T2* have used cutoffs based on clinical management 

strategies and prognostic data. Table 1 lists the values of myocardial T2*, MIC and the reporting 

levels for iron overload in the heart. It is important to note that although a T2* levels <10ms is 

considered severe, risk elevates dramatically as T2* falls further from 10 to 8 to 6 and even 

4ms.44 As for normal values, correlations with T1 suggest that 26ms would be a more 

appropriate cut-point for T2*, and several centers worldwide report potential early iron in the 20-

26ms range.45 While not the focus of this review, we have also included the corresponding liver 

reference values as usually both measurements are performed in the same patient with the 

corresponding calibration curves.46 A more thorough review of liver iron concentration 

measurements can be found elsewhere.39 Despite the fact that the main recommendations for iron 

overload assessment generally are performed at 1.5T, many studies have now also performed 

correlations of iron overload at 3T and these values are reported in Table 1 as well using one of 

the reference studies with this field strength.47  

 



Alternative Methods and comparisons (T1 and T2 mapping) 

 

As demonstrated in the previous paragraphs, the CMR T2* parameter has transformed the 

management of patients with iron loading conditions allowing robust, non-invasive 

quantification of myocardial iron.2 It provides tailored and personalized approaches to chelator 

dosing which has been linked to improved survival.31  To further improve diagnostic accuracy 

there has been a rising interest in alternative MRI methods in the way of native (non-contrast) T1 

and T2 mapping to aid the diagnosis of myocardial iron in patients with equivocal disease. 

Ferritin and hemosiderin alter the behavior and properties of hydrogen nuclei in water within 

tissue shortening both T1 and T2 times, similar to T2*. The adoption of CMR parametric 

mapping techniques in the diagnosis of myocardial diseases, including cardiac amyloidosis and 

Fabry disease, has been supported by the SCMR Consensus Statement1 and reflected in the 

development of commercially available mapping sequences by all major CMR scanner 

manufacturers.  Mapping sequences allow the measurement and display of relaxation times in 

color on a pixel-by-pixel basis without the need for complex post-processing.48-51  For the 

measurement of myocardial iron using T1 and T2 mapping, like with T2*, a region of interest is 

recommended in the interventricular septum using a short axis slice.1 Indeed, by removing 

complex analysis, abbreviated mapping protocols can be performed as it was shown by Abdel-

Gadir et al who performed non-contrast CMR for iron overload in Bangkok in 8 minutes per 

exam, 50 patients/day on one magnet, reducing costs four-fold and demonstrating the clinical 

and economic advantages.52 

 

 



T1 mapping for iron 

T1 is an intrinsic magnetic property that represents longitudinal recovery time after excitation of 

hydrogen atoms. At selected magnetic field strengths, each tissue has its own characteristic range 

of values, and deviation from these values implies disease.  T1 values are increased with the 

expansion of the extracellular compartment by fibrosis, edema and amyloid, and reduced in iron, 

lipid accumulation, and haemorrhage.53 T2* is more specific and really only influenced by the 

presence of iron – although unrecognized use of gadolinium contrast agent may reduce T2*. In 

the liver, one case report has demonstrated cobalt-chromium from a degenerating metal-on-metal 

hip as reducing T2*.54 T1 mapping was first introduced using the inversion recovery based 

modified look-locker imaging sequence (MOLLI), with further developments including the 

shortened MOLLI (ShMOLLI) which requires an acquisition time over nine heartbeats.49, 50 

Newer sequences including saturation recovery single-shot acquisition (SASHA) and saturation 

pulse prepared heart-rate independent inversion recovery (SAPPHIRE) yield higher accuracy, 

lower precision and similar reproducibility compared with MOLLI and ShMOLLI.51, 55  This 

however means that different sequences have differing normal ranges. This is less important than 

it sounds as tissue iron, if present, dominates measured T1 – falls in T1 of up to 20 standard 

deviations have been reported with severe myocardial iron. 

The role of T1 mapping in the detection of iron has been promising to date at both 1.5T and 3T, 

and has been shown to correlate with cardiac iron in vitro.56 Early data by Sado et al was the first 

to demonstrate that myocardial T1 mapping has excellent reproducibility and correlates well with 

T2* in a group of 88 patients with suspected iron overload.57  Using the ShMOLLI sequence, 

T2* was lower in patients than healthy volunteers (836± 138ms versus 968 ± 32ms, p <0.0001), 

and no patient with a low T2* value had normal T1 values. This study also demonstrated 



superior interstudy reproducibility of T1, particularly when low levels of iron are present, and 

reclassified a significant proportion of patient as having mild cardiac siderosis, doubling the 

number of patients identified with iron, although almost all of this is mild. These findings were 

further explored in larger international studies using different T1 mapping sequences.45, 58  A key 

unknown question is whether using T1 mapping would detect changes in iron loading better than 

T2* for individual patients (smallest detectable difference) or in studies (increased power). An 

example and comparison of myocardial T1 images to T2* is shown in Figure 5. 

The rise in clinical use of 3T scanners for non-cardiac conditions may provide diagnostic 

challenges for patients requiring iron quantification as T2* mapping is not routinely 

recommended at 3T. The second mapping consensus statement specifically recommends that 

T2* mapping for iron overload currently should be performed at 1.5T only.1 T1 mapping may 

however be used as a method to quantify iron at 3T where T2* measurements are not possible.59  

Alam et al demonstrated the feasibility of T1 at both 1.5T and 3T, and its superiority to T2* 

when assessing reproducibility.59 

The administration of contrast and acquisition of a post-contrast T1 map allows the generation of 

an extracellular volume (ECV) map wherein pixel values represent the interstitial volume. In a 

small single center study, ECV was increased in patients with thalassemia major with prior 

myocardial iron overload, whilst patients without historical iron loading had no evidence of 

increased ECV. The association between iron and ECV remained significant after controlling for 

patient age, gender, and cardiovascular risk factors.60  

Despite the advantages of T1 mapping as a complementary diagnostic tool there are challenges 

facing its clinical utilization.  There is a known variation of absolute T1 values between 

sequences and scanners, and it is susceptible to alteration in a large number of diseases of the 



heart muscle.61  Nevertheless, T1 appears to be a more precise measurement of myocardial 

iron.45, 57, 58 

 

T2 mapping for iron 

T2 relaxation time reflects the time for the MR signal to decay in the transverse plane, and is 

commonly used to assess myocardial inflammation and oedema.1 As with T1 and T2*, iron 

deposition in the myocardium causes shortened T2 values. Very little work is available in the 

literature on the use of T2 for the diagnosis of myocardial iron loading.  In a 200 thalassemia 

patient study in Thailand, at 1.5T T2 mapping correlated strongly with T2* in patients with 

myocardial iron loading (r= 0.951, p< 0.001) and with T1 (r= 0.973, p< 0.001).62 Feasibility at 

3T has also been demonstrated where myocardial T2 values correlated with T2* in a small 8-

patient study (p= 0.93, p<0.0001)63 

 

 

Other potential clinical uses for T2* mapping 

 

Despite the large literature and references to T2* mapping and iron overload assessment, there 

has been increased interest in applying this technique to other cardiovascular pathologies, 

especially now given the newer methods with automated maps and free-breathing acquisitions. 

The first particular area of interest is the ability of T2* to identify changes in myocardial 

oxygenation and perfusion under stress, a concept first demonstrated in humans as early as 1996 

through blood oxygen level dependent (BOLD) imaging using T2*.64, 65As vasodilation takes 

place, the consumption of oxygen is lower due to lower oxygen extraction rates, resulting in a 



decrease in the concentration of paramagnetic deoxyhemoglobin and increase in diamagnetic 

oxyhemoglobin. Therefore, an increase in T2* values is seen under stress, with magnitudes of 

10-17%.66, 67 The ability to detect significant changes in myocardial oxygenation led to the 

possibility of detection of areas of the myocardium with altered blood oxygen/supply balance in 

coronary artery disease and adenosine T2* imaging demonstrated a high sensitivity but low 

specificity in the correlation with angiographically determined stenosis.68 At 3T, the BOLD 

effects with T2* are more pronounced given the faster decay ratios that affect the signal intensity 

and using this field strength other authors have demonstrated more pronounced changes in ΔT2* 

in patients with normal coronary arteries compared to non-stenotic lesions and severely 

obstructive disease.69 The same principle at 3T was also applied showing an increase in T2* in 

areas of the myocardium perfused by normal coronaries versus no changes in stenotic lesions.70 

The main problems with these studies have been the large number of segments not analyzed 

because of artifacts, resulting in approximately 25% loss of data. Given the technical 

developments in T2* mapping sequences, these limitations might be overcome and application 

of this technique in clinical routine can be applied. Figure 8 shows an example of the T2* maps 

in a patient with normal coronaries undergoing pharmacological stress test and identifying the 

vasodilatory effects pre-contrast, with comparative myocardial blood flow images and splenic 

switch-off confirmation post-contrast. 

 

Another potential use of T2* maps beyond iron overload is in the investigation of microvascular 

obstruction and intramyocardial hemorrhage. Hemoglobin breakdown, especially in the acute 

phases of myocardial infarction, leads to areas of signal nulling within infarcted areas which can 

be appreciated with T2* maps. In a comparison with T2 techniques, T2* proved more sensitive 



to detect areas of hemorrhagic infarctions with significant reductions in signal of 54% versus 

only marginal elevations in remote areas.71 Given the important prognostic role of both 

microvascular obstruction and intramyocardial hemorrhage in adverse events and negative left 

ventricle remodeling, accurate identification and quantification of these phenomena have been an 

important goal in treating acute CAD patients.72 Therefore, current evidence suggests that T2* 

mapping is recommended during the multi-parametric evaluation of patients with acute or recent 

myocardial infarction.70 Additionally, Bulluck et al have shown that ST segment-elevation 

myocardial infarction patients with intra-myocardial hemorrhage had residual myocardial iron at 

follow-up and this may drive chronic inflammation (high T2 value in the surrounding infarct 

tissue) which is associated with adverse LV remodeling.73  
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Figures: 

 

Figure 1: Schematic illustration of T2* and T2 decay: Transverse relaxation after an initial 90-

degree radiofrequency pulse. A transverse magnetization (small red arrow) has a maximum 

amplitude as the population of proton magnetic moments (spins) rotate in phase. The amplitude 

of the net magnetization decays as the proton magnetic moments move out of phase with one 

another (small black arrows). The overall term for the observed loss of phase coherence (de-

phasing) is T2* relaxation (which is the combination of T2 relaxation and local variations 

inhomogeneties in the applied magnetic field). T2 relaxation is the result of spin-spin interactions 

and this process in irreversible. T2* decay occurs when refocusing pulses are not used and its 

signal occurs faster (blue curve). Both T2 and T2* are exponential processes with time constants 

T2 and T2* respectively. This is the time at which the magnetization has decayed to 37% of its 

initial value after 90 radiofrequency pulse. Adapted from of John P Ridgway. Cardiovascular 

magnetic resonance physics for clinicians: part I. Journal of Cardiovascular Magnetic 

Resonance 2010, 12:71, with permission. 

 



 

Figure 2: A and B: Mid ventricular short axis image at different echo time (ET) between 2 to 18 

milliseconds (ms), in a patient with beta-thalassemia. Image quality of black –blood sequence is 

superior (less artifact susceptibility) when compared to bright blood image. C: Dark blood image 

analysis - background noise is reduced and curve shows a good fit for the eight gradient echo 

time without the use of truncation (R2 = 0.9983, T2* = 9.5ms). This reduces the risk of errors 

during analysis. D:  Bright blood image analysis – the last four points (red circle) fall below the 

background noise and are removed to improve the curve fit using the truncation method (R2 = 

0.9924, T2* = 10.1ms). 
 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Mid ventricular short axis slice of the heart showing the correct assessment of iron 

quantification with T2* method: Full-thickness region of interest (ROI) is defined by limiting the 

epicardial and endocardial border (gradient infiltration starting at epicardium). Analysis is 

restricted to the septum, in order to avoid artifacts from anterior and posterior cardiac veins and 

the lung. From Bulluck H, Rosmini S, Abdel-Gadir A, et al. Residual Myocardial Iron Following 

Intramyocardial Hemorrhage During the Convalescent Phase of Reperfused ST-Segment-Elevation 

Myocardial Infarction and Adverse Left Ventricular Remodeling. Circ Cardiovasc Imaging 2016;9(10)., 

with permission.  

 

 



 

 

 

Figure 4: An example showing patient data fitted using both the offset and truncation models. 

The offset model fits all the data points well (R2=0.996, T2*=4.4ms, red line) while the 

truncation model fitted the first 4 points only (R2=0.999, T2*=6.9ms, blue dotted line). The 

mean noise as measured from a background region (green dotted line). From Westwood MA, 

Anderson LJ, Firmin DN, et al. Interscanner reproducibility of cardiovascular magnetic resonance T2* 

measurements of tissue iron in thalassemia. Journal of magnetic resonance imaging : JMRI 

2003;18(5):616-620, with permission.  

 

 

 



 

 

 

Figure 5: Examples of mappings techniques T1 and T2* in a) a normal patient b) a patient with 

mild myocardial iron overload and c) a patient with severe liver iron overload. Note that in 

patients b and c, there is transmural gradient of iron distribution. BH = breath-hold, GB = Free-

breathing, ms = milliseconds, Hz = Hertz. 

 

 



 

 

 

Figure 6: A T2* series of seven images acquired in a 4-year old boy using a free-breathing GRE-

EPI sequence with TE varying from 1.97ms to 14.0ms. The corresponding decay curve is shown 

as well and the calculated T2* was normal at 36.5ms. This series has motion correction already 

applied and generates clear images of the septum using the black blood technique allowing for 

accurate placement of a region of interest and T2* calculation. GRE-EPI: gradient-echo, echo-

planar imaging; TE: time of echo 

 

 

 

 

 



 

 

Figure 7: Correlation of myocardial T2* and myocardial iron concentration (MIC) with the 

corresponding curve and some calculated examples. From this graph, it is important to appreciate 

that changes in T2* above 30ms do not significantly change the final MIC values, whereas small 

changes in T2* (i.e. below 10ms) significantly increase MIC. 

 

 

 

 

 

 

 



 

 

 

 

Figure 8: Free-breathing motion-corrected 3T T2* maps, myocardial blood flow (MBF) maps 

and first-pass perfusion images of the heart/spleen at rest and stress. T2* at rest increased from 

21.2ms to 24.4ms (+15.1%) in this patient with normal coronary arteries, with the correlated 

increase in MBF and splenic-switch off. The T2* maps were obtained prior to any contrast 

infusion allowing for accurate assessment of a positive vasodilatory induction of dipyridamole 

prior to injection. Courtesy of Peter Kellman, NIH, USA. 



Table 1 – Reference Values for Liver and Myocardial Iron Concentrations for MRI 

T2* (ms) 

1.5T 

R2* (Hz) 

1.5T 

T2* (ms) 

3.0T 

R2* (Hz) 

3.0T 

MIC/LIC 

(mg/g dw) 

Classification 

Myocardium      

 20 ≤ 50  12.6 ≤ 79 ≤ 1.16 Normal 

10 to 20 51 to 100 5.8 to 12.6 80 to 172 

> 1.16 to 

2.71 

Mild to 

Moderate 

< 10 > 100 < 5.8 > 172 > 2.71 Severe 

Liver      

 15.4 ≤ 65  8.4 ≤ 119 ≤ 2.0 Normal 

4.5 to 15.4 66 to 224 2.3 to 8.4 

120 to 

435 

>2.0 to 7.0 Mild 

2.1 to 4.5 225 to 475 1.05 to 2.3 

436 to 

952 

> 7.0 to 15 Moderate 

< 2.1 > 475 < 1.05 > 952 > 15 Severe 

LIC = liver iron concentration; MIC = myocardial iron concentration; We include T2* and R2* values at 3T but 

advise caution and recommend normality is defined locally, if 3T has to be used. Data from references 11, 46, 47 
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