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Native myocardial T1 mapping: influence of spatial resolution on 
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Background: Myocardial mapping techniques can be used to quantitatively assess alterations in myocardial 
tissue properties. This study aims to evaluate the influence of spatial resolution on quantitative results and 
reproducibility of native myocardial T1 mapping in cardiac magnetic resonance imaging (MRI).
Methods: In this cross-sectional study with prospective data collection between October 2019 and February 
2020, 50 healthy adults underwent two identical cardiac MRI examinations in the radiology department on 
the same day. T1 mapping was performed using a MOLLI 5(3)3 sequence with higher (1.4 mm × 1.4 mm) 
and lower (1.9 mm × 1.9 mm) in-plane spatial resolution. Global quantitative results of T1 mapping were 
compared between high-resolution and low-resolution acquisitions using paired t-test. Intra-class correlation 
coefficient (ICC) and Bland-Altman statistics (absolute and percentage differences as means ± SD) were used 
for assessing test-retest reproducibility.
Results: There was no significant difference between global quantitative results acquired with high vs. low-
resolution T1 mapping. The reproducibility of global T1 values was good for high-resolution (ICC: 0.88) 
and excellent for low-resolution T1 mapping (ICC: 0.95, P=0.003). In subgroup analyses, inferior test-retest 
reproducibility was observed for high spatial resolution in women compared to low spatial resolution (ICC: 
0.71 vs. 0.91, P=0.001) and heart rates >77 bpm (ICC: 0.53 vs. 0.88, P=0.004). Apical segments had higher 
T1 values and variability compared to other segments. Regional T1 values for basal (ICC: 0.81 vs. 0.89, 
P=0.023) and apical slices (ICC: 0.86 vs. 0.92, P=0.024) showed significantly higher reproducibility in low-
resolution compared to high-resolution acquisitions but without differences for midventricular slice (ICC: 
0.91 vs. 0.92, P=0.402).
Conclusions: Based on our data, we recommend a spatial resolution on the order of 1.9 mm × 1.9 mm 
for native myocardial T1 mapping using a MOLLI 5(3)3 sequence at 1.5 T particularly in individuals with 
higher heart rates and women. 
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Introduction

Magnetic resonance imaging (MRI) is an indispensable 
diagnostic tool for diagnosis and follow-up of numerous 
cardiac diseases. Myocardial mapping techniques can be 
used to quantitatively assess alterations in myocardial 
tissue properties (1,2). An increase in native T1 values is 
typically observed in cardiac amyloidosis and pathologies 
associated with pathologies associated with myocardial 
fibrosis, scarring, or edema, including myocarditis, 
ischemic heart disease, as well as dilated and hypertrophic 
cardiomyopathies (3-8). Reduced native T1 is characteristic 
of Fabry disease and iron overload. 

Previous studies demonstrated high test-retest 
reproducibility of T1 mapping as long as identical 
acquisition parameters are used (9,10). Despite high 
importance of acquisition settings, optimal spatial 
resolution for myocardial mapping, however, is not clearly 
defined. Current guidelines recommend “adequate” spatial 
resolution and slice thickness to avoid partial volume effects 
between left ventricular (LV) blood pool and myocardium 
(11,12). Most published studies on myocardial T1 mapping 
used in-plane resolutions of 1.4–2.0 mm with 8 mm being 
the predominantly used slice thickness (13).

Myocardial mapping is most commonly acquired in 
end-diastole to minimize cardiac motion. The acquisition 
window for T1 mapping within the cardiac cycle is about 
200–250 ms for most standard sequences (14). With 
increasing heart rate, the diastolic phase decreases making 
rendering the techniques more susceptible to cardiac 
motion artifacts such as blurring. For this reason, T1 
mapping techniques with lower spatial resolution were 
designed for patients with higher heart rate. The lower 
spatial resolution of these sequences allows for shorter 
acquisition window within the brief end-diastolic phase 
in these patients. Following this rationale many centers 
use higher spatial resolution as standard in patients heart 
rates ≤90 bpm and lower spatial resolution for heart rates  
>90 bpm (12). 

However, it is still unclear how spatial resolution 
affects relaxation times and their reproducibility in native 
myocardial T1 mapping. Therefore, this study aims to 
evaluate the influence of spatial resolution on quantitative 
results and reproducibility of native myocardial T1 

mapping. We present this article in accordance with the 
STROBE reporting checklist (available at https://qims.
amegroups.com/article/view/10.21037/qims-23-943/rc).

Methods

Ethical approval, study design and patient selection

This cross-sectional study with prospective data was 
approved by the responsible Institutional Review Board of 
the University Medical Center Rostock and was conducted 
in accordance with the Declaration of Helsinki (as revised 
in 2013). Participants were recruited within the staff 
and students of the University Medical Center. Prior 
to enrollment, written informed consent was obtained 
from all participants. A sample size of 50 individuals was 
chosen following recommendations for reference value 
acquisitions in native mapping (15). We included healthy 
adult volunteers. Exclusion criteria were coronary artery 
disease, cardiomyopathies, myocarditis, arrhythmias or any 
other pathology of the heart, arterial hypertension, diabetes 
mellitus, stroke, respiratory or pulmonary disease (chronic 
respiratory disease, pulmonary embolism, pulmonary 
hypertension) chronic kidney disease, any malignant or 
rheumatic disease, possible or known pregnancy, MR-
incompatible implants, and claustrophobia.

Four predefined age groups were chosen (≤34, 35–44, 
45–54, and ≥55 years and at least three individuals of each 
gender was recruited for every group) to assure a broad 
age distribution among the participants. Information about 
age, weight and height and cardiovascular risk factors were 
collected. The questionnaire for risk factors included: 
dyslipidemia (at least one abnormal value of blood lipid 
markers, n=6), smoking (current or past, n=20), and family 
history of ischemic heart disease (n=3). The MRI recorded 
heart rate ranged from 55 to 99 bpm. 

MRI technique

Both MRI investigations were done on the same day. After 
the first scan, the volunteer was taken out of the scanner 
and returned back into the scanner with at least 20-minute 
break in between. All MRI examinations were performed 
on a 1.5 T MRI system (Avantofit, Siemens Healthineers, 
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Erlangen, Germany). 4- and 2-chamber views in steady-
state free precession were included in the MRI protocols. 
For T1 mapping in high and low spatial resolution, three 
short-axis slices (basal, midventricular, and apical position) 
were acquired in a of the left ventricle. Prospective 
electrocardiography (ECG)-triggering was used with 
diastolic image acquisition. 

A 5(3)3 MOLLI technique was used for native T1 
mapping. We used the default settings as recommended by 
the manufacturer for heart rates ≤90 bpm (high-resolution) 
and >90 bpm (low-resolution). For the low-resolution 
acquisitions, in-plane resolution was 1.875 mm × 1.875 mm, 
field of view (FOV) 360 mm × 307 mm, image pixel matrix 
192×164 and slice thickness 5 mm. Echo time (TE) was  
1.21 ms and the flip angle 35°. For the high-resolution 
acquisition, the in-plane resolution was 1.406 mm × 1.406 mm,  
FOV 360 mm × 306 mm, image pixel matrix 256×218, and 
slice thickness 8 mm. TE was 1.13 ms and the flip angle 
was 35°. To avoid wrap around artefacts the FOV was 
occasionally adjusted to 380 mm for larger patients. 

Image and T1 mapping analysis

Cvi42 (Version 5.11, Circle Cardiovascular Imaging Inc., 
Calgary, Canada) was used for the post-processing of the 
scanner generated T1 maps. The assessment of native 
T1 values was performed by one trained observer (initials 
blinded) using scanner-generated T1 maps of the three 
short-axis slices mentioned before. The observer was 
blinded to demographic parameters. Blinding to spatial 
resolution was not possible due to the difference in image 
impression. When assessing the retest images, the observer 
was blinded to the results of the first round.

Image quality of scanner generated maps was confirmed 
as sufficient for quantitative analysis in all participants. 
T1 curve fits were not assessed, since we used scanner 
generated maps. The executed steps for the analysis 
followed recommendations for mapping analysis (15) and 
were already described previously (10). Global T1 relaxation 
times were assessed as mean (± standard deviation) by taking 
the average over the entire circular regions of interest of all 
3 slices. Furthermore T1 relaxation times were evaluated 
for each myocardial segment [1–16] following the standard 
AHA 16-segment model (16) as well as per-slice values 
(basal, mid-ventricular and apical). 

A part of our data (T1 in high-resolution) has already 
been published to compare reproducibility in combination 
with T2 values (10). However, the differences and 

reproducibility within T1 time in high and low-resolution 
were not compared. 

Statistical analysis

Global quantitative results of T1 mapping were compared 
between high- and low-resolution acquisitions using paired 
t-test, after data were checked for normal distribution 
visually and by Shapiro-Francia W’ test. Sub-analyses were 
performed for women and men, as well as normal-weight 
[body mass index (BMI) <25 kg/m2] and overweight (BMI 
≥25 kg/m2) individuals. Additionally, participants were 
divided into three groups according to heart rate (<67, 
67–77, and >77 bpm).

Intra-class correlation coefficient (ICC) and Bland-
Altman statistics (absolute differences as means ± SD) 
were used for assessing test-retest reproducibility. ICCs 
were interpreted with: <0.50: poor, 0.50–0.75: moderate, 
0.75–0.90: good, >0.90: excellent (95% confidence intervals 
calculated from two-way random-effects models) (17). 

AHA segments were grouped by slice position (basal 
segments: 1–6, midventricular: segments 7–12, apical: 
segments 13–16) and anatomical region (interventricular 
septum: segments 2, 3, 8, 9, 14; anterior wall: segments 1, 
7, 13; lateral wall: segments: 5, 6, 11, 12, 16 and inferior 
wall: segments 4 ,10, 15) Reproducibility was calculated 
for individual AHA segments and every group. ICCs were 
compared between segments or groups using the F-test. 
A two-sided P value of <0.05 was considered statistically 
significant. For the comparison of T1 values for each of 
the 16 myocardial segments, Bonferroni correction was 
performed to account for multiple testing. Thus, a P value 
of <0.05/16=0.003 was considered to indicate statistical 
significance for the per-segment analysis. Statistical analyses 
were performed using Stata 16.1 (Stata Corporation, 
College Station, TX, USA). The Python libraries 
Matplotlib version 3.5.3 as well as Numpy version 1.23.5 
(for polar map figures).

Results

Study participants

The study cohort consisted of 50 adult individuals (29 
women) with mean age of 39.4±13.7 years. Participants were 
predominantly of normal weight (76%) with a mean BMI of 
23.9±4.0 kg/m2. The mean heart rate was 72.2±10.5 beats per 
minute. Demographic parameters are summarized in Table 1.
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Influence of spatial resolution on global quantitative results 

Mean global native T1 values for high- and low-resolution 
are shown in Table 2. There was no significant difference 
between global quantitative results acquired with high- vs. 
low-resolution T1 mapping (1,027±29 vs. 1,026±27 ms, 
P=0.646). This was observed for both women (1,039±25 vs. 
1,036±23 ms, P=0.185) and men (1,009±25 vs. 1,011±27 ms,  
P=0.502). Physiological gender differences with higher 
T1 mapping values in women compared to men were 
consistently found in both high- and low-resolution 
acquisitions. In BMI sub-analysis, spatial resolution had 
no significant impact on native myocardial T1 relaxation 
times for normal weight and overweight individuals. In 
heart rate sub-analysis, T1 values were significantly higher 
in high-resolution acquisitions compared to low-resolution 
in intermediate heart rates between 67–77 bpm (P<0.004) 
while no differences were found for lower or higher heart 

rates. Global native T1 relaxation times stratified by gender 
and heart rate in low- and high-resolution are displayed in 
Figure 1. 

Influence of spatial resolution on the reproducibility of 
global quantitative results 

Results of ICC analyses for high- and low-resolution 
global T1 values stratified by gender, BMI, and heart 
rate are summarized in Table 3. Overall reproducibility 
of global T1 values was significantly better with low-
resolution compared to high-resolution (ICC: 0.95 vs. 0.88 
respectively, P=0.003). In Figure 2, the Bland-Altman plots 
of native myocardial T1 relaxation times shows a wider limit 
of agreement (LoA, 95%) for high-resolution than for low-
resolution. The LoA were −34 to 39 ms for high-resolution 
vs. −24.4 to 23 ms absolute for low-resolution. 

Table 1 Characteristics of study participants

Characteristics All subjects (N=50) Women (N=29) Men (N=21)

Age (years) 39.4±13.7 40.9±14.0 37.3±13.2

Height (cm) 175.4±9.5 169.3±5.8 183.8±6.8

Weight (kg) 73.8±15.7 66.7±12.6 83.6±14.5

BMI (kg/m2) 23.9±4.0 23.3±4.2 24.7±3.7

Heart rate (bpm) 72.2±10.5 74.1±9.4 69.4±11.5

Data is shown as mean ± standard deviation. BMI, body mass index.

Table 2 Native myocardial T1 mapping results with subgroup analyses

Subgroup N Global T1 values high-resolution (ms) Global T1 values low-resolution (ms) P value

All subjects 50 1,027±29 1,026±27 0.646

Gender

Women 29 1,039±25 1,036±23 0.185

Men 21 1,009±25 1,011±27 0.502

BMI

<25 kg/m2 38 1,027±29 1,025±27 0.159

≥25  kg/m2 12 1,025±28 1,029±29 0.553

Heart rate

<67 bpm 18 1,023±35 1,025±32 0.523

67–77 bpm 16 1,029±29 1,023±30 0.004

>77 bpm 16 1,028±21 1,030±19 0.669

Data is shown as mean ± standard deviation. BMI, body mass index. 
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For women, reproducibility of T1 results was significantly 
better with low-resolution than with high-resolution 
(ICC: 0.91 vs. 0.71, P=0.001). No significant differences 
in reproducibility were observed in men. Normal-weight 
individuals (BMI <25 kg/m2) had significantly better T1 
reproducibility with low-resolution compared to high-
resolution (ICC: 0.96 vs. 0.92 respectively, P=0.029). For 
low heart rates <67 bpm, both high- and low-resolution 
acquisitions showed excellent reproducibility with no 
significant differences. A trend for better reproducibility 

was observed in intermediate heart rates (ICC: 0.88 vs. 0.94, 
P=0.087) and a clear benefit of lower resolution scanning 
was observed in faster heart rates (>77 bpm, 0.88 vs. 0.53, 
P=0.004).

Regional quantitative results by AHA segments

Mean values for T1 mapping results for high- and low-
resolution separated by AHA segments are displayed in 
Figure 1. Apical segments (13-16) had slightly higher values 
and variability compared to other segments. This effect 
could be observed for both high- and low-resolution T1 
acquisitions. Mean segmental T1 relaxation times ranged 
from 986 ms (±33 ms) to 1,095 ms (±84 ms) for high-
resolution and from 991 ms (±39 ms) to 1,081 ms (±41 ms) 
for low-resolution imaging. For segments 8, 9, 13 and 16 
the difference between high- and low-resolution results was 
statistically significant (P<0.001, Table 4). Figure 3 shows an 
example of native T1 myocardial maps for high- and low-
resolution and both cMR examination of one volunteer. 

Reproducibility of regional quantitative results by AHA 
segments

Figure 4 visualizes ICC values of AHA segments for T1 
mapping results in high- and low-resolution. T1 values in 
high-resolution showed good to excellent ICCs (ICC ≥0.75) 
in all segments except for moderate ICCs in segments 1,13 
and 4 and poor ICCs in segments 5 and 6. Low-resolution 
T1 mapping results showed good to excellent ICCs in all 
segments except for segment 3, 4, 6 and 11 (moderate ICC: 
0.50–0.75). 

Reproducibility of regional quantitative results by slice 
position and anatomical region

Intraclass correlation analysis shows good to excellent 
results in T1 high and T1 low-resolution mapping by 
slice position and anatomical region (Table 5). T1 low-
resolution data showed an overall higher ICCs, ranging 
from 0.87 to 0.92, compared to the high- resolution data 
(ICC: 0.81–0.91). Regional T1 values for basal (ICC: 0.81 
vs. 0.89, P=0.023) and apical slices (ICC: 0.86 vs. 0.92, 
P=0.024) were significantly more reproducible with low-
resolution compared to high-resolution acquisitions with 
no differences for midventricular slices (ICC: 0.91 vs. 0.92, 
P=0.402). Regarding the anatomical region, the anterior 
wall showed a non-significant trend for more reproducibility 

Figure 1 T1 high-resolution (blue) and T1 low-resolution (violet) 
values by different subgroups. T1 high and T1 low values are 
shown as boxplots including minimum and maximum native 
T1 times: (A) gender specific T1 times, (B) heart rate specific 
T1 times, (C) myocardial segments according to AHA segment 
classification. *, P<0.05; #, P<0.003 for myocardial segments. AHA, 
American Heart Association.
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Table 3 Reproducibility of global nativeT1 relaxation times in different subgroups

Subgroup N Reproducibility of global T1 high-resolution Reproducibility of global T1 low-resolution P value

All subjects 50 0.88 (0.80–0.93) 0.95 (0.90–0.97) 0.003

Gender

Women 29 0.71 (0.39–0.86) 0.91 (0.82–0.96) 0.001

Men 21 0.96 (0.90–0.98) 0.95 (0.88–0.98) 0.666

BMI

<25 kg/m2 38 0.92 (0.85–0.96) 0.96 (0.92–0.98) 0.029

≥25 kg/m2 12 0.77 (0.19–0.93) 0.91 (0.69–0.97) 0.064

Heart rate

<67 bpm 18 0.98 (0.94–0.99) 0.97 (0.92–0.99) 0.758

67–77 bpm 16 0.88 (0.65–0.96) 0.94 (0.83–0.98) 0.087

>77  bpm 16 0.53 (0.00–0.83) 0.88 (0.68–0.96) 0.004

Data are shown as ICC (95% CI) from two-way random-effects models. P value from F-test whether low-resolution ICC equals high-
resolution ICC value. ICC, intraclass correlation coefficients; BMI, body mass index.
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Figure 2 Bland-Altman plots of native myocardial T1 relaxation times for in high and low spatial resolution. The x-axis represents the 
average T1 time of the two MR examinations and the y-axis states the absolute difference between the two examinations. The dotted lines 
delineate the limits of agreement that include 95% of all values. MR, magnetic resonance.

Table 4 T1 low-resolution and T1 high-resolution values by 
myocardial segments

Segment No. T1 low-resolution T1 high-resolution P value

1 1,008±34 1,000±37 0.179

2 1,035±25 1,026±30 0.004

3 1,025±26 1,025±28 0.850

4 1,020±39 1,023±35 0.613

5 997±35 987±33 0.034

6 1,005±33 994±31 0.027

7 1,025±36 1,028±46 0.509

8 1,031±27 1,019±25 <0.001

Table 4 (continued)

Table 4 (continued)

Segment No. T1 low-resolution T1 high-resolution P value

9 1,035±30 1,024±30 <0.001

10 1,021±30 1,019±35 0.569

11 1,013±39 1,001±44 0.012

12 1,032±38 1,026±44 0.255

13 1,041±42 1,076±67 <0.001

14 1,078±75 1,075±65 0.680

15 1,033±49 1,050±80 0.047

16 1,042±56 1,094±85 <0.001

T1 high and T1 low values are shown as mean ± standard 
deviation for each AHA segment. P values are from two-sided 
paired t-test. AHA, American Heart Association. 
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Figure 3 Example of T1 maps in high and low-resolution for two independent cMR investigations on the same volunteer. (A) Native 
myocardial T1 maps in high-resolution, first examination, (B) native myocardial T1 maps in high-resolution, second examination and (C) 
low-resolution, first examination, (D) low-resolution, second examination. cMR, cardiac magnet resonance.
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Table 5 Reproducibility of regional nativeT1 relaxation times according to slice position and anatomical region

Subgroup Reproducibility of regional T1 high-resolution Reproducibility of regional T1 low-resolution P value

Slice position

Basal slice 0.81 (0.65–0.89) 0.89 (0.81–0.94) 0.023

Midventricular slice 0.91 (0.84–0.95) 0.92 (0.85–0.95) 0.402

Apical slice 0.86 (0.76–0.92) 0.92 (0.86–0.96) 0.024

Anatomical region

Anterior wall 0.81 (0.67–0.89) 0.88 (0.79–0.93) 0.050

Septum 0.90 (0.82–0.94) 0.92 (0.86–0.95) 0.238

Inferior wall 0.86 (0.76–0.92) 0.86 (0.75–0.92) 0.488

Lateral wall 0.86 (0.76–0.92) 0.87 (0.78–0.93) 0.348

Data are shown as ICC (95% CI) from two-way random-effects models. P value from F-test whether low-resolution ICC equals high-
resolution ICC value. ICC, intraclass correlation coefficients.

with lower-resolution mode compared to high-resolution 
mode (ICC: 0.81 vs. 0.88, P=0.050) with no difference in 
other regions of the myocardium (Table 5).

Discussion

In this prospective study including 50 healthy individuals, 
we evaluated the influence of spatial resolution on native 
myocardial T1 mapping results and their reproducibility 
performed at 1.5 T. 

There were no systematic differences between spatial 
resolution on global native T1 values. No reliable trends 
could be observed in sub-group analyses by demographic 
data. A statistically significant difference between data from 
high- and low-resolution acquisitions was only found for 
individuals with intermediate heart rates (67–77 bpm). Since 
no differences were found overall and for lower and higher 
heart rates, the results for the sub-group with intermediate 
heart rate might be caused by the small number of individuals 
in each subgroup. The difference was also too small to 
be biologically meaningful (1,029 vs. 1,023 ms, relative 
difference 0.6%). 

Previous investigations found good reproducibility of 
native global myocardial T1 relaxation times (9,10,18). Our 
present study goes beyond previously published data as we 
compare native T1 mapping acquired with lower and higher 
resolution. The overall reproducibility of global native 
T1 values was significantly better for the low-resolution 
acquisition. On subgroup analysis, low-resolution mode 
showed significantly improved reproducibility for heart 

rates >77 bpm. The lower spatial resolution allows for a 
shorter acquisition window in the end-diastolic phase. In 
higher heart rates, this becomes increasingly important to 
avoid blurring from cardiac motion as diastole shortens. 
Supporting this explanation, we found no difference in 
reproducibility for lower heart rates (<67 bpm) but a trend 
favoring lower resolution in intermediate (67–77 bpm) heart 
rates. Before performing this study, it was our institutional 
practice to use lower resolution only in very high heart 
rates (>90 bpm) as it was also the recommendation by the 
manufacturer. However, based on our findings, we believe 
it is prudent to use lower spatial resolution for heart rates  
>67 bpm if native T1 mapping is performed using a MOLLI 
5(3)3 sequence on a 1.5 T system. 

Interestingly, our subgroup analysis showed superior 
reproducibility when using lower spatial resolution for 
women but not for men, and for normal weight but not 
for overweight individuals. The latter results are probably 
caused by an uneven distribution of participants. Due to 
the small number of overweight individuals in our study, 
the difference in reproducibility did not reach statistical 
significance. To verify our findings, studies in larger cohorts 
are needed. 

In contrast, the difference by gender is significant and 
thus should considered meaningful. For men, both lower 
and higher resolution had excellent reproducibility (ICC: 
0.96 vs. 0.95). For women, reproducibility was excellent 
(0.91) for lower resolution but significantly worse (0.71, 
P=0.001) for higher spatial resolution. Myocardial volumes, 
mass, and thickness are lower in women than in men. 
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Therefore, we expected better results in women with high-
resolution mapping because partial volume effects can 
be reduced by more detailed delineation of left ventricle 
myocardium. However, this was not the case as the results 
of our analysis point in the opposite direction with a benefit 
of lower spatial resolution specifically in women. There was 
a difference in heart rates between women and men with 
a higher mean heart rate in women (74 bpm) compared to 
men (69 bpm). This might explain the selective benefit of 
lower-resolution scanning in women as lower-resolution 
acquisition is beneficial in heart rates >67 bpm. Certainly, 
this aspect warrants further investigation as different 
acquisition parameters may be optimal for women and men.

It is noticeable that variability of native T1 mapping 
values was higher in apical segments and T1 time in these 
segments was elevated compared to other areas. This was 
previously observed by us (10) and others (19,20) and can 
now also be transferred to the T1 time in low-resolution. 
Thus, this deviation might be not sequence-related and 
more likely caused by biological factors or partial volume 
effects in thinned wall structures.

Reproducibility of regional native T1 values in basal and 
apical slices was significantly better with low-resolution 
than with high-resolution. No significant differences were 
found for mid-ventricular slices. These findings might be 
explained by the longitudinal shortening of the left ventricle 
during the cardiac cycle, which leads to more movement in 
the apical and basal compared to the midventricular regions 
(20,21). Faster image acquisition in low-resolution mode 
therefore provides better reproducibility in these areas, 
since they are more susceptible to cardiac motion artefacts 
than mid-ventricular slices. Additionally, increased image 
noise with higher resolution may play a role for the inferior 
reproducibility of T1 values in some subgroups. 

Several limitations of our study should be noted. We 
examined a cohort of healthy volunteers without any 
cardiovascular diseases. Consequently, cardiac morphology, 
mass, and volumes were within physiological range without 
pathological changes. Therefore, the reproducibility of 
native T1 mapping in pathological conditions cannot be 
deduced with certainty. In particular, we cannot exclude 
that there may be a benefit for higher spatial resolution 
in pathologies with thinned myocardium such as dilated 
cardiomyopathy. Our data was examined by one observer 
with good qualification and good experience using specific 
commercial software. A previous study has shown relevant 
inter-observer variability for T1 mapping (22). Our study 
was performed at 1.5T since this is the predominant field 

strength used in routine clinical cardiac MRI. The results 
may not apply to cardiac MRI performed at higher field 
strengths. Only native studies were performed, so we cannot 
make any statements about post-contrast T1 maps. Further 
studies are necessary whether post-contrast maps show 
similar results. We compared a 5 mm slice with a 8 mm slice 
and did not exhaust the range for high and low-resolution. 
However, these are the usual differences and relevant for 
clinical routine.

Conclusions

In conclusion, global quantitative results of native myocardial 
T1 mapping in 1.5 T do not differ systematically between 
lower (1.9 mm × 1.9 mm) and higher (1.4 mm × 1.4 mm) 
in-plane resolution in healthy volunteers. Test-retest 
reproducibility of regional T1 in basal and apical slices is 
superior for lower compared to higher in-plane resolution. 
Superior reproducibility of global T1 values was found 
for lower resolution especially in women and higher heart 
rates. Based on our data, we recommend a spatial resolution 
on the order of 1.9 mm × 1.9 mm for native myocardial T1 
mapping using a MOLLI 5(3)3 sequence at 1.5 T especially 
in these groups. Since the reproducibility does not differ 
significantly between high and low-resolution in healthy 
volunteers, it can be evaluated to choose low-resolution as 
the default setting for all patients.
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