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ABSTRACT 

 

Tissue characterization represents a prerogative of cardiac magnetic resonance. Beside late 

gadolinium enhancement, native T1 mapping (nT1m) reveals tissue composition. It could represent 

a useful tool for example when contrast medium can’t be administrated. The present review 

summarises current evidence about nT1m in main heart diseases. 

 

INTRODUCTION 

 

Tissue characterization represents one of the most important features of cardiac magnetic resonance 

(CMR). The non-contrast T1 mapping technique focuses on the myocardial composition, whose 

abnormalities determine different T1 maps values without contrast medium administration [1]. It 

consists in the acquisition of images with different inversion time, after radiofrequency pulse which 

contribute to the signal genesis. Based on these images, a T1 recovery curve is derived and 

consequently a map describing the relaxation value on a voxel-by-voxel basis [2]. T1 value changes 

depending on myocardial extracellular water (edema), focal or diffuse fibrosis, fat, iron, and 

amyloid protein content. Despite late gadolinium enhancement (LGE) representing the gold 

standard technique in CMR, its diagnostic value can be amplified by information obtained with 

native T1 mapping (nT1m) Indeed, nT1m could supplement LGE information delivering a point-

by-point quantification of T1 time, being accurate in detecting tissue abnormalities both in focal and 

diffuse myocardial diseases (Table 1). Moreover, conditions like severe renal dysfunction 

contraindicate gadolinium administration. In such situations, nT1m could play a crucial diagnostic 

role thanks to its high sensitivity for myocardial abnormalities with a favorable cost-effectiveness 

[2].  

The present review summarises evidence, prognostic role and emerging concepts about nT1m in 

main heart diseases, listed in alphabetical order. 

                  



 

Brief methodological considerations 

A Medline search of full-text articles published in English until February 2020 was performed. 

Overall, 420 records were identified. The search terms were: (native T1 mapping) OR (non 

contrast) AND ((CMR) OR (cardiac magnetic resonance)). Only papers published in English and in 

peer reviewed journals were selected. The main heart diseases in which nT1m was explored include 

amyloidosis, aortic stenosis, Fabry disease, hypertrophic cardiomyopathy (HCM), idiopathic dilated 

cardiomyopathy (IDCM), iron overload cardiomyopathy, ischemic heart disease (IHD), myocarditis 

and sarcoidosis. After evaluation of title and abstract a total of 52 studies were analysed as full text. 

The quality of selected papers was tested using MINORS criteria [3]. Unblinded reviewers 

performed the analysis of the full texts for quality assessment. Discrepancies between reviewers 

have been solved by consensus. The maximum score obtained was 14 and the minimum 8. We 

included in the present review only studies obtaining a score of 10. A total of 36 papers were then 

considered for this overview. 

  

Brief technical considerations 

T1 mapping consists of quantifying the T1 relaxation time of a tissue by using analytical 

expressions of image-based signal intensities. The signal intensity of pixels is based on the 

relaxation of protons in a static magnetic field (Figure 1) [2]. T1 value represents each voxel 

intensity value, influenced by several substances such as fibrosis or fat with different T1 relaxation 

times. NT1m increases in case of edema (acute myocardial infarction, inflammation) and fibrosis 

(scar, cardiomyopathy). On the contrary, nT1m is reduced in case of Anderson-Fabry disease, iron 

accumulation (Figure 2). The most widely used techniques for T1 maps are the modified Look-

Loker inversion-recovery (MOLLI) sequence (Figure 1), the shortened MOLLI (ShMOLLI) 

sequence and the saturation recovery single-shot acquisition (SASHA). Table 2 describes the pros 

and cons of these techniques.  

                  



 

NATIVE T1 MAPPING APPLIED TO CARDIAC DISEASE 

 

Amyloidosis  

Cardiac involvement in amyloidosis is the most important determinant of prognosis. LGE-CMR 

represents the current gold standard for the assessment of cardiac involvement. However, about one 

third of patients with amyloidosis present severe renal disfunction (eGFR of <30 mL/min) [4-5]. 

Moreover, there are some atypical LGE patterns (i.e. localized enhancement) that make the 

diagnosis a challenge [4]. Extensive infiltration of the myocardium by amyloid fibrils leads to a 

diffuse increase of T1 time, which could precede LGE evidence [4]. Baggiano et al. conducted a 

prospective study investigating the diagnostic accuracy of nT1m in a large cohort of patients with 

suspected amyloidosis developing a diagnostic algorithm to rule in or out the presence of cardiac 

involvement in most patients without the need of contrast administration [6]. In 53 patients with AL 

amyloidosis, Karamistos et al. demonstrated that mean nT1m values were significantly raised (1140 

ms) compared with the healthy counterpart (958 ms) with a cut-off value of 1020 ms having a 

diagnostic accuracy of 92% [7]. Interestingly, it was shown how nT1m values could be higher in 

AL amyloid than in the ATTR type, despite the greater thickness of the left ventricular (LV) wall in 

ATTR amyloid. This could be due to a lower amyloid burden, less hydration, less collagen and 

different effects on the intracellular signal. Furthermore, it is plausible that AL amyloid could 

determine edema because of light chain toxicity [8]. In terms of prognosis, nT1m predicts mortality.  

A study by Banypersad et al showed that in 100 cardiac AL patients followed for 23 months, a 

nT1m value of >1044 ms carried a hazard ratio (HR) for death of 5.39 [9]. Martinez-Naharro et al. 

showed how in 215 patients with ATTR amyloidosis nT1 values predicted death (HR 1.225 for 

each 59-ms increase) [10]. Finally, emerging data showed that nT1m could evaluate the response to 

treatment with tafamidis. A case report by Shintani Y et al. highlighted no significant worsening of 

T1 values after 12 months of tafamidis administration in a 73-year-old man with TTR amyloid 

                  



cardiomyopathy and Val30Met mutation, suggesting that the treatment may have suppressed the 

progression of the disease [11]. 

 

Aortic stenosis 

The value of LGE-CMR in patients with aortic stenosis was previously demonstrated. The evidence 

of myocardial fibrosis is related to poor prognosis in these patients [12]. However, as for 

amyloidosis, about 50% of patients with aortic stenosis suffer from renal failure [12]. Taking this 

background into consideration, the role of nT1m was investigated. Park et al. assessed the 

correlation between nT1m and subclinical myocardial dysfunction in asymptomatic patients with 

aortic stenosis, showing that nT1m values reflect the degree of diffuse fibrosis when compared with 

histologic examination. The nT1m correlates with both the LV remodelling and the degree of aortic 

stenosis in asymptomatic patients [13]. Moreover, Lee et al. demonstrated that nT1m correlated 

well with aortic stenosis progression and that high T1 values identified patients at higher risk of 

poor prognosis both before and after aortic valve replacement [14]. Notably, since the mechanism 

of diffuse myocardial fibrosis occurs early, evaluating it using nT1m could enable us to detect 

patients at higher risk sooner [15]. Hwang IC et al. found that in 43 patients one year after aortic 

valve replacement, nT1m significantly decreased and it was associated with LV mass regression 

and systolic function improvement. Additionally, patients with a reduction of nT1m values after 

aortic valve replacement showed a better outcome when compared with patients without nT1m 

changes [16].  

 

Fabry disease 

Heart involvement in Fabry disease is characterized by LV hypertrophy and valvular abnormalities 

causing myocardial fibrosis and, eventually, cardiac decompensation. CMR shows a mid-wall basal 

inferolateral LGE as a distinctive hallmark of cardiac involvement. Due to characteristic 

intracellular accumulation of sphingolipids that shortens myocardial T1 relaxation time, 

                  



pathognomonic low nT1 values, coupled with morphological features, enable the correct diagnosis 

[17]. Furthermore, nT1m values were proved to be an early disease marker, being significantly low 

in patients with Fabry disease but without overt LV hypertrophy. However, nT1m values should be 

interpreted with caution with the progression of the disease. Initially there is an increased 

sphingolipid deposition inducing diffuse low T1 values, then, inflammation and fibrosis could 

follow, with focal relative increase of T1 relaxation time (T1 pseudo-normalization) in areas with 

sphingolipid deposition, inflammation and fibrosis. In the final stages of Fabry disease, the high 

prevalence of fibrosis is related to increased nT1m values [17]. Diagnosis of Fabry disease with 

nT1m could be difficult due to different stages, especially in the T1 pseudo-normalization phase. 

The additive value of T2 mapping could be useful: it is another non-contrast technique that 

quantifies the prolongation of T2 relaxation time due to increased water content, as it happens in 

inflammation. Inflammation and edema frequently appear in Fabry disease in basal inferolateral 

position, as LGE, and they increase T2 values. Therefore, in the diagnostic process of Fabry 

disease, nT1m and T2 are two fundamental instruments to suspect and diagnose the cardiac 

involvement [18-19].  

 

Hypertrophic cardiomyopathy 

CMR has a diagnostic and prognostic role in HCM detecting fibrosis thus proving prognostic 

information in terms of heart failure and arrhythmias [20]. Previous studies reported that in HCM 

T1 values were significantly longer in segments with LGE. Malek et al. found that nT1m showed a 

good correlation with LGE in 25 patients with HCM. They proposed a threshold of 1060 ms as the 

cut-off value to detect fibrosis in HCM patients [20]. Interestingly, nT1m was demonstrated to 

detect early myocardial changes in subjects with sarcomere-gene mutations but negative phenotype, 

suggesting that abnormal T1 values could act as an early disease marker, anticipating hypertrophy 

[21]. Moreover, T1 values were shown to be higher in HCM patients without LGE compared to 

healthy subjects, underlining how HCM patients could have interstitial fibrosis within the 

                  



hypertrophied segments despite the absence of LGE [21]. These findings support the concept that 

LGE imaging can easily identify dense focal scar, but is also less accurate in depicting more subtle 

diffuse extracellular matrix expansion due to fibrosis, inflammation, edema and infiltration, 

abnormalities conversely admirably spotted by nT1m. This could be explained by the earliest 

mechanism underlying HCM. As reported by previous studies, there is an early upregulation of 

genes involved in the synthesis of extracellular matrix and this pathway is activated before the 

development of LV hypertrophy or focal fibrosis [21]. CMR in HCM is also important for the 

assessment of the risk of arrhythmias and sudden cardiac death (SCD). Presence of LGE has been 

considered an additional risk factor in the risk stratification for SCD [22]. While a robust 

comparison between prognostic role of LGE and nT1m is missing, Xu et al found that nT1m values 

were associated with SCD in 258 subjects with HCM but without LGE [22]. 

 

Idiopathic dilated cardiomyopathy 

In idiopathic dilated cardiomyopathy (IDCM), LGE is present in 40% of patients with a distinct 

mid-myocardial pattern and it is associated with increased risk of ventricular arrhythmias and 

adverse outcome. However, arrhythmias could also occur in patients without any evidence of scar. 

There is little knowledge about the mechanism behind these arrhythmic events, but it was 

highlighted that interstitial fibrosis and myocyte disarray create the responsible substrate [23]. All 

these myocardial abnormalities could be detected by T1 maps, as demonstrated by a prospective 

study by Shah et al, in which patients with IDCM showed diffuse higher nT1m values if compared 

to healthy subjects [23]. Moreover, Puntmann et al found that increased nT1m predicted heart 

failure events and all-cause mortality in IDCM independently from both LV function and LGE 

presence [24]. The association between nT1m and SCD in IDCM has not been deeply analysed yet. 

One study assessed the link between nT1m and ventricular arrhythmias in patients with ICD: in 59 

non-ischemic patients, nT1m was the only independent predictor of appropriate ICD therapies [25]. 

Additionally, a study by Nakamori et al demonstrated that nT1m was independently associated with 

                  



ventricular arrhythmic events beyond LV function and LGE [26]. A recent analysis from the 

DANISH trial highlighted that in patients with non-ischemic systolic heart failure including IDCM, 

LGE predicted all-cause mortality [27].  

 

Iron overload 

CMR represents the best imaging technique for the identification of myocardial iron deposition. 

Although non-contrast T2* represents the gold standard, it appears to be limited in the identification 

of mild iron deposition. NT1m could overcome these limitations: a low concentration of iron is 

typically inversely related to T1 time [28]. Thus, nT1m can be used to improve the detection of iron 

deposition over T2* method. Torlasco et al reported that in established cardiac iron overload nT1m 

resulted to detect iron in the 20-30 ms T2* range, supporting the idea that T1 recognizes missed 

iron in 1 out of 3 subjects with normal T2* [29]. In a cohort of 200 patients with thalassemia, 

Krittayaphong R et al demonstrated that nT1m can differentiate between severe, mild-to-moderate 

and no cardiac iron overload with the best cut-off value of 887 ms with a sensitivity of 100% and a 

specificity of 98,4% [30]. Consistent data on prognostic role of nT1m in iron overload are missing. 

 

Ischaemic heart disease 

LGE technique represents the best CMR method to evaluate myocardial infarction scars. 

Messroghli et al found that nT1m was also able to detect segmental defects caused by acute 

myocardial infarction (AMI) with high diagnostic performance (96% sensitivity and 91% 

specificity) [31]. Nonetheless, more evidence and multivendor studies are needed in order to 

develop a standardized protocol with reproducible nT1 threshold values.  

The role of nT1m was also studied in stress CMR. Liu et al validated stress nT1m comparing this 

technique to invasive coronary measures for detecting coronary disease and microvascular 

dysfunction. According to their study, stress nT1m significantly outperformed gadolinium first pass 

perfusion [32]. The underlying mechanism seems to correlate with the increased water content: 

                  



coronary vasodilatation increases myocardial blood volume and consequently prolongs T1 [32]. In 

asymptomatic subjects with type 2 diabetes mellitus, Levelt et al demonstrated that stress and rest 

nT1m recognized microvascular abnormalities useful to provide early therapeutic strategy [33]. 

Therefore, current evidence shows promising results, but concerns regarding real-world 

applicability of this technique were raised, due to the small T1 time variations between rest and 

stress conditions of ischaemic and remote myocardium.  

 

Myocarditis  

Non-ischaemic LGE pattern (mid-wall and subepicardial distribution), associated with edema 

detected by T2-weighted sequences, represents the typical CMR pattern in acute myocarditis. 

However, LGE and traditional T2-weighted sequences could underestimate both the presence and 

the extent of myocardial inflammation. The higher sensitivity (up to 90%) of T1 maps can 

overcome above-mentioned limitations. Ferreira et al demonstrated how nT1m can diagnose acute 

myocarditis with great diagnostic performance [34]. Moreover, NT1m was shown to have a better 

sensitivity also than the currently recommended Lake Louise Criteria [35]. The role of CMR in this 

setting is not just limited to the diagnostic phase. Bohnen et al demonstrated in 48 patients with 

acute myocarditis how nT1m could be safely used for monitoring the myocardium in the healing 

phase [36]. Furthermore, Hinojar et al showed how a combined approach with nT1m and T2 

mapping could be useful also in lupus myocarditis, enabling the cardiac involvement identification 

and tracking the response to anti-inflammatory treatment [37]. 

 

Sarcoidosis 

In sarcoidosis T1 and T2 mapping are reported to be useful for early detection of cardiac 

involvement. Greulich et al. showed that T1 mapping provided an incremental value in detecting 

subclinical myocardial involvement in systemic sarcoidosis when there were no abnormalities of 

LGE and LV function. Additionally, it was shown that the native T1 is increased not only by 

                  



acutely injured myocardium but also by the incidence of fibrosis in chronic myocardial changes 

[38]. Puntmann et al. demonstrated that patients with systemic sarcoidosis had reported to have 

higher myocardial nT1m and T2 mapping and lower ejection fraction. Furthermore, nT1m was a 

marker of the onset of the disease. There was also a significant reduction of nT1m in the patients 

undergoing treatment [39].   

 

Current theoretical and practical limitations and future directions for the clinical application 

 

The large majority of evidence about nT1m comes from single-center experience. The cases series 

are limited and study populations included few hundreds of patients. In addition, no randomized 

clinical trials investigated the additional diagnostic and/or prognostic value of nT1m vs. LGE or 

other non-invasive imaging techniques. The next steps should include multicenter and multivendor 

studies, with the aim of overcoming current limitations, such as the absence of standardized normal 

values and threshold values widely applicable for the diagnosis of each specific cardiac disease. 

Currently, nT1m technique is not used in all imaging laboratories due to the lack of hardware and 

software, but its diffusion is growing; indeed it is now part of current guidelines and it has 

demonstrated a favorable cost-effectiveness [40]. Future studies should analyse more deeply the 

prognostic value of nT1m in conditions such as HCM and IDCM where CMR data could implement 

available prognostic scores. Similarly, non-contrast analysis of myocardial perfusion should be 

further investigated, representing an intriguing non-invasive evaluation of myocardial ischemia 

based on vasodilatation influence on T1 without the need of contrast administration. 

 

Conclusions 

The native T1 mapping represents a novel technique that could be routinely implemented. NT1m 

has all the strengths to be considered as a solid supplement for LGE imaging, but some crucial 

                  



aspects need to be investigated. According to what has already been achieved in terms of scientific 

evidence, it will not be long before further robust results can be obtained. 
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Figure 1. Acquisition strategy for the MOLLI sequences. 

Proceeding from the bottom up: 

a) acquisition of single-shot diastolic images over successive heartbeats (5 beats in this 

example) following an inversion radiofrequency pulse. Then, a rest period of 3 heartbeats is 

required, followed by another inversion pulse and the acquisition of other 3 images. 

b) Multiple inversions with slightly different inversion times are used to more evenly sample 

the T1 recovery curve [2]. Images are sorted in order of increasing inversion time and the 

signal intensity of each pixel is fit to the curve (each coloured point in the curve corresponds 

to the multiple acquisitions). 

c) Performing this technique for all pixels in the image yields a T1 map (at the top). 

  

                  



 

Figure 2. Trend of nT1m values in various heart diseases. 

Myocardial infiltration of various molecules and consequent increase or lowering of nT1m values 

(black arrows) depending on the T1 relaxation time of different substances. 

HCM = hypertrophic cardiomyopathy; IDCM = idiopathic dilated cardiomyopathy; IHD = 

ischaemic heart disease. 

 

Figure 3. Comparison between nT1m mapping and standard approaches in myocardial 

diseases.  

Standard approach is represented by LGE imaging for all diseases except of iron overload 
§
, where 

the standard approach is T2*. 

Native T1 maps legend is showed by the color bars above each map.  

It can be detected that LGE areas in myocardial diseases are well identified by native T1 maps, 

demonstrating its accuracy. 

nT1m = native T1 mapping.  

                  



TABLES 

Table 1. Key concepts about nT1m. 

WHAT is nT1m? CMR technique for tissue characterization not needing gadolinium 

WHY nT1m can be useful? Sensitive technique, with detection of abnormal findings in early 

stages of several myocardial diseases 

WHERE nT1m is applicable? - Dilated cardiomyopathy 

- Hypertrophic phenotype 

- Iron overload 

- Ischaemic heart disease 

- Myocarditis 

WHEN nT1m should be used? - In patients with contraindications to contrast media 

- Detection of focal and diffuse fibrosis  

- Identification of myocardial abnormalities before evident 

structural changes  

HOW nT1m can be performed? - MOLLI 

- ShMOLLI 

- SASHA 

WHAT is: 

- MOLLI? 

- ShMOLLI? 

- SASHA? 

They are different strategies for nT1m: 

- MOLLI: Modified Look Locker inversion-recovery sequence. 

Acquisition of single-shot diastolic images over 17 successive 

heartbeats following inversion radiofrequency pulse  

- ShMOLLI: shortened MOLLI sequence. Acquisition of 5 images 

following the first inversion pulse and 4 further images during 9 

heartbeats 

- SASHA: saturation recovery single-shot acquisition. Acquisition 

of 1 image without preparation and 10 images at different delays 

after saturation recovery preparation pulse which nulls the net 

magnetization vector instead of inverting it 

 

 

Table 2. Pros and cons of the three main T1 mapping sequences. 

SEQUENCES PROS CONS 

MOLLI  High signal-to-noise ratio 

 Precision 

 17 breath-hold heartbeats 

 Potential bias from T2 

 Artefacts 

shMOLLI  9 breath-hold heartbeats 

 Precision 

 Few artefacts 

 Potential bias from T2 

 Signal-to-noise ratio 

 Accuracy 

SASHA  11 breath-hold heartbeats 

 Accuracy 
 Precision 

 11 breath-hold heartbeats 

 Artefacts 

 

                  



Table 3. Summary of nT1m utilities in different heart diseases. 

 

DISEASE WHAT IS NT1M USEFUL FOR? REFERENCES 

Amyloidosis 

Early detection of cardiac involvement  

4-11 

Distinguish cardiac AL and ATTR 

Prognostic role  

Therapy effect monitoring  

Aortic stenosis 

Diffuse fibrosis  

12-16 

Association with subclinical myocardial dysfunction  

Prognostic role  

Monitoring after aortic valve replacement  

Fabry disease 

Diagnosis accuracy  

17-19 Early diagnosis with abnormal values before hypertrophy 

Detection of different stages of the disease 

HCM 

Detection of the disease in negative phenotypes 

20-22 

Ability to detect abnormal myocardium 

Association with sudden cardiac death  

Detection of diffuse fibrosis 

IDCM 

Diagnostic accuracy 

23-27 Association with arrhythmias  

Prognostic role 

Iron overload Detection of mild deposition 28-30 

IHD 

Distinguish viable and non-viable segments  

31-33 Role in stress CMR  

Detection of microvascular dysfunction  

Myocarditis Diagnostic role 34-37 

                  



Role in the monitoring of healing phase 

Diagnosis and monitoring of lupus myocarditis 

Sarcoidosis 

Early diagnosis 

38-39 

Treatment monitoring 

HCM = hypertrophic cardiomyopathy; IDCM = idiopathic dilated cardiomyopathy; IHD = 

ischaemic heart disease. 

 

 

                  


