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Abstract

Aims Heart failure (HF) is frequent in patients with acute ischaemic stroke (AIS) and associated with higher morbidity and
mortality. Assessment of cardiac function in AIS patients using cardiovascular MRI (CMR) may help to detect HF. We report
the rate of systolic and diastolic dysfunction in a cohort of patients with AIS using CMR and compare cine real-time (CRT)
sequences with the reference of segmented cine steady-state free precession sequences.
Methods and results Patients with AIS without known atrial fibrillation were prospectively enrolled in the HEart and BRain
Interfaces in Acute Ischemic Stroke (HEBRAS) study (NCT 02142413) and underwent CMR at 3 Tesla within 7 days after AIS.
Validity of CRT sequences was determined in 50 patients. A total of 229 patients were included in the analysis (mean age
66 years; 35% women; HF 2%). Evaluation of cardiac function was successful in 172 (75%) patients. Median time from stroke
onset to CMR was 82 h (interquartile range 56–111) and 54 h (interquartile range 31–78) from cerebral MRI to CMR. Systolic
dysfunction was observed in 43 (25%) and diastolic dysfunction in 102 (59%) patients. Diagnostic yield was similar using CRT or
segmented cine imaging (no significant difference in left ventricular ejection fraction, myocardial mass, time to peak filling
rate, and peak filling rate ratio E/A). Intraobserver and interobserver agreement was high (κ = 0.78–1.0 for all modalities).
Conclusions Cardiovascular MRI at 3 Tesla is an appropriate method for the evaluation of cardiac function in a selected
cohort of patients with AIS. Systolic and diastolic dysfunction is frequent in these patients. CRT imaging allows reliable
assessment of systolic and diastolic function.
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Introduction

About 9% of all ischaemic strokes are believed to originate
from chronic heart failure (HF).2 At the same time, HF is a
common comorbidity with a prevalence of 10–24% among
stroke patients.3 While half of all patients with chronic HF
present with reduced left ventricular ejection fraction

[LVEF < 50%, HF with reduced ejection fraction (HFrEF)],
impaired diastolic properties but preserved ejection fraction
(LVEF ≥ 50%, HF with preserved ejection fraction) are present
in the other half. Current guidelines also differentiate LVEF in
the range of 40–49% (HF with mid-range ejection fraction).4,5

To date, HF with preserved ejection fraction is the most com-
mon manifestation of HF with a median prevalence of 4–7%
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as compared with 2–6% for HFrEF in patients aged 60 years
and older, using echocardiography.6 Left ventricular diastolic
dysfunction without manifest HF is even more frequent in
these patients with a median prevalence of 16–53% in com-
parison with 3–9% for systolic dysfunction.6 However, data
regarding the prevalence of left ventricular diastolic dysfunc-
tion in patients with acute ischaemic stroke (AIS) are
limited.7–9 Few studies have investigated the role of cardio-
vascular MRI (CMR) in comparison with transthoracic echo-
cardiography in the diagnostic workup after AIS, providing
incongruent results.10–12

Cardiovascular MRI is a radiation-free, non-invasive tech-
nique that offers excellent tissue contrast and does not rely
on an acoustic window.13 It is a promising diagnostic alterna-
tive for the evaluation of cardiac function in patients with
AIS.12,14 To our knowledge, there are no data available on
systolic and diastolic function assessed by CMR in patients
with AIS. We used CMR at 3 Tesla for the evaluation of left
ventricular function after AIS, analysing volume–time curves
(VTCs) generated by delineation of endocardial contours
and planimetry of the left atrium.

K-space segmented cine steady-state free precession
(SSFP) is considered standard of reference for assessment
of cardiac function by CMR.15,16 However, k-space segmented
imaging determines image information from multiple heart-
beats and therefore requires sinus rhythm. Cine real-time
(CRT) imaging collects all necessary image information out
of one single heartbeat; therefore, breath-holding periods
are shorter and trigger artefacts can be overcome. The aims
of this study are (i) to report systolic and diastolic cardiac
function in a cohort of patients with AIS using CMR and (ii)
to compare accelerated CRT images to the reference of
segmented cine SSFP sequences for the analysis of systolic
and diastolic left ventricular function.

Methods

Study design

This is a post hoc analysis of CMR examinations performed in
patients participating in the HEart and BRain Interfaces in
Acute Ischemic Stroke (HEBRAS) study. Patients with AIS
(proven by brain MRI or computed tomography) and without
history of atrial fibrillation were eligible to participate and
had to provide written informed consent within 6 days after
stroke onset. A first ever diagnosis of atrial fibrillation during
the course of the study did not represent a reason for study
discontinuation. The study protocol is described in detail
elsewhere.17 The study was approved by the Ethics Commit-
tee of the Charité—Universitätsmedizin Berlin (EA1/045/14)
and registered online (NCT02142413).

Magnetic resonance imaging

Cardiovascular MRI was performed on a 3 Tesla magnetic
resonance (MR) scanner (MAGNETOM® TIM TRIO, Siemens,
Erlangen, Germany) using electrocardiogram and pulse trig-
gering. CMR was performed on Day 1 after study inclusion
per protocol. Localization and planning were based on a
dark-blood-prepared half-Fourier acquisition single-shot
turbo spin echo sequence with the following parameters:
repetition time (TR), 750ms; echo time (TE), 49ms; flip angle,
160°; slice thickness, 5 mm; and field of view/matrix. Left
ventricular cardiac function was assessed in double-oblique
cine SSFP technique. In accordance with current recommen-
dations, two-chamber, three-chamber, and four-chamber
views were acquired.18 Short-axis examinations of the left
ventricle were obtained parallel to the atrioventricular plane
with prior individual frequency adjustment [TR 40.32 ms, TE
1.48 ms, flip angle 50°, matrix size 256 × 216 pixel, slice
thickness 8 mm (2 mm interslice gap)].18 Integrated parallel
imaging techniques with twofold acceleration were used for
short-axis stack acquisition. Following standard k-space
segmented SSFP imaging, a fast SSFP real-time sequence
(CRT) was used for short-axis cine imaging [TR 48.6 ms, TE
1.21 ms, flip angle 55°, matrix size 128 × 54 pixel, slice
thickness 8 mm (2 mm interslice gap)] with threefold
acceleration (integrated parallel imaging technique). ECG
triggering was performed every second heartbeat to capture
the entire diastole.

Statistical analysis

The results are reported as absolute and relative frequencies
for categorical variables. In the case of continuous variables,
mean and standard deviation are reported for sufficiently
normally distributed data (|skewness| < 1) or median and
limits of interquartile range (IQR) for variables with skewed
distribution or ordinal variables. The Student’s t-test for
paired samples with continuous variables was used to com-
pare parameters of left ventricular function in those patients
who received both standard cine SSFP and CRT sequences.
For all comparisons, cine SSFP imaging served as the accepted
gold standard.15,16 In accordance with the recommendations
of Bland and Altman, differences of the parameters were
plotted against the mean between the two methods.19

Intraclass correlation coefficient (ICC) was calculated to ac-
count for intraobserver and interobserver variability. Addi-
tionally, Cohen’s kappa was calculated for ordinal variables.
McNemar’s test was used for the comparison of paired sam-
ples with dichotomized variables. Furthermore, we calculated
sensitivity, specificity, as well as positive and negative predic-
tive values with regard to the defined gold standard of seg-
mented cine SSFP sequences. In the case of categorical
variables and independent samples, Pearson’s χ2 test was
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used, whereas the Mann–Whitney U test was implemented as
a rank sum test for ordinal variables. A two-sided significance
level of α = 0.05 was considered. No adjustment for multiple
testing was applied in this exploratory study. To account for
the reproducibility of results, we calculated intraobserver and
interobserver variability. Data were analysed using SPSS
statistics 23 (IBM Corp., Armonk, NY, USA).

Quantitative analysis of volume–time curves

A physician (SH) trained and supervised by a radiologist with
more than 10 years of experience in CMR (TE) evaluated all
cases. By delineating endocardial contours of the left ventri-
cle in each short-axis stack, individual VTCs were generated
using cvi42®software (Circle Cardiovascular Imaging Inc., Cal-
gary, Canada). Papillary muscles were allocated to the left
ventricular cave.20 Additionally, epicardial contours were de-
lineated in systolic and diastolic phase to calculate left ven-
tricular myocardial mass. VTCs and their first derivative
were subsequently analysed using a semi-automated script
in MATLAB® (MathWorks, Natick, Massachusetts, USA, ver-
sion R2009a) in accordance with prior publications.21 A spline
algorithm was implemented to generate a smoothed VTC

with a time interval of 1 ms.22 All curves were normalized
to the maximal end-diastolic volume (EDV) at t = 0. Figure 1
shows VTC and first derivative from segmented as well as
CRT sequences of a patient with normal diastolic function as
well as of a patient with grade 1 diastolic dysfunction. The fol-
lowing parameters were calculated: EDV, end-systolic volume
(ESV, zero crossing of the first derivative), peak filling rate
early (PFRE, first maximum of the first derivative), peak filling
rate late (PFRL, second maximum of the first derivative), time
to peak filling rate early (TPFR), and mitral deceleration time
(MDT).23 The filling rate ratio E/A was calculated by dividing
PFRE (E) by PFRL (A). Systolic dysfunction was defined as
LVEF < 50%.5 Diastolic dysfunction was graded as 0 (normal
function), 1 (impaired relaxation), 2 (pseudonormal), or 3 (re-
strictive) using VTC-derived E/A ratio and left atrial planar size
according to published recommendations.24 For further sta-
tistical analysis, we dichotomized diastolic cardiac function
into the categories ‘healthy’ and ‘abnormal’.

Intraobserver and interobserver variability

A senior radiologist with experience in CMR (TE) evaluated
endocardial and epicardial contours and subsequent VTCs

FIGURE 1 Volume–time curves and their first derivative representing the cardiac cycle of a patient with normal diastolic function (A) and of a patient
with diastolic dysfunction grade 1 (B) (modified from Hellwig1). The black line represents data derived from segmented cine SSFP images; the dotted
line represents data derived from evaluation of cine real-time images. The assessment of diastolic parameters PFRE, PFRL, TPFR, and MDT is exemplified
in (A). A small difference in the length of the cardiac cycle due to varying heart rate in (A) can be noted.
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for 10 randomly chosen data sets of standard cine and CRT
images, blinded for clinical and diagnostic information. Addi-
tionally, the first rater reevaluated the same 10 patients
6 months after the first reading. Measures of agreement
were calculated for individual parameters of cardiac function
as well as for the categorical classification of diastolic
dysfunction.

Results

In total, 2473 stroke patients were screened for participation
in the HEart and BRain Interfaces in Acute Ischemic Stroke
study between 1 May 2014 and 31 December 2015. With re-
gard to inclusion and exclusion criteria, 374 patients were

eligible for participation, of which 230 patients provided writ-
ten informed consent. One patient was excluded from the
analysis because of non-ischaemic origin of symptoms (epi-
leptic seizure), leaving 229 patients for analysis. Table 1
shows the baseline characteristics of these patients. In total,
185 patients (81%) underwent CMR, with completed
short-axis cine imaging in 172 cases (75%). Standard cine SSFP
imaging was performed in 166 patients (73%), and 56 pa-
tients (25%) received additional CRT imaging. Both modalities
were acquired in 50 participants (22%).1 Median examination
time for the complete CMR protocol (including
contrast-enhanced sequences, i.e. MR angiography and late
enhancement imaging) was 41 min (IQR 35–48). Median ex-
amination time for short-axis cine SSFP imaging was
3:41 min (IQR 3:06–4:14), whereas CRT imaging was signifi-
cantly shorter [median examination time 0:22 min (IQR
0:15–0:25, P = 0.005)]. An overview of the study profile is
shown in Figure 2.

Functional analysis and comparison of imaging
modalities

Taken together, 43 out of 172 patients (25%) were found to
have a reduced LVEF < 50%. VTC analysis revealed abnormal
diastolic function in 102 of 172 patients (59%). Grade 1 dia-
stolic dysfunction was found in 62 patients (36%), Grade 2
in 16 patients (9%), and Grade 3 in 24 patients (14%). Isolated
systolic dysfunction was observed in 13 (8%), isolated dia-
stolic dysfunction in 72 (42%), and a combination of both in
30 (17%) patients.1

Comparison of segmented cine steady-state free
precession and cine real-time imaging

We compared results from segmented cine SSFP and CRT im-
aging in 50 patients. Key parameters of cardiac function as
derived from both modalities are shown in Table 2. Almost
no or only slight differences were found for LVEF [mean dif-
ference: 0, 95% confidence interval (CI): �2 to 2],
end-diastolic myocardial mass (EDMM) (mean difference: 4,
95% CI: �2 to 10), TPFR (mean difference: �3, 95% CI: �15
to 10) and E/A ratio (mean difference: �0.08, 95% CI:
�0.25 to 0.1). EDV (mean difference: 6, 95% CI: 2 to 10),
ESV (mean difference: 4, 95% CI: 1 to 7), PFRE (mean differ-
ence 32, 95% CI: 12 to 51), PFRL (mean difference: 38, 95%
CI: 9 to 67), and MDT (mean difference: �7, 95% CI: �11
to �3) showed statistically significant differences between
both groups. Corresponding diagrams according to the
method of Bland and Altman can be found in the Supporting
Information. Bland–Altman plots demonstrate underestima-
tion of EDV, ESV, PFRE, and PFRL values and overestimation
of MDT values over the whole range of values.

Table 1 Baseline characteristics of 229 patients with acute ischae-
mic stroke and 50 patients that entered comparison of segmented
cine SSFP and CRT sequences (modified from Hellwig1)

All patients
(N = 229)

SSFP vs. CRT
(N = 50)

Female sex; n (%) 79 (34.5) 16 (32.0)
Age in years; mean (SD) 66 (12) 65 (13)
Length of in-hospital stay (days);
median (IQR)

6 (5–7) 5 (5–6)

Cerebral CT; n (%) 139 (60.7) 21 (42.0)
Without contrast agent 125 (54.6) 20 (4.0)
Including angiography 14 (6.1%) 1 (2.0%)

Cerebral MRI; n (%) 226 (98.7) 50 (100)
Cardiac MRI; n (%) 185 (80.8) 50 (100)
NIHSS on admission; median (IQR) 2 (1–4) 2 (1–4)
NIHSS at discharge; median (IQR) 0 (0–2) 0 (0–1)
mRS on admission; median (IQR) 2 (1–3) 2 (1–2)
mRS at discharge; median (IQR) 1 (0–2) 1 (0–1)
Barthel index on admission;
median (IQR)

100 (80–100) 100 (80–100)

Barthel index at discharge; median
(IQR)

100 (95–100) 100 (100–100)

Intravenous thrombolysis; n (%) 46 (20.1) 7 (14.0)
Diabetes mellitus; n (%) 55 (24.0) 12 (24.0)
Arterial hypertension; n (%) 162 (70.7) 32 (64.0)
Chronic heart failure; n (%) 5 (2.2) 2 (4.0)
High blood lipids; n (%) 121 (52.8) 31 (62.0)
Previous ischemic stroke or TIA; n
(%)

54 (23.6) 10 (20.0)

Current tobacco use; n (%) 70 (30.6) 16 (32.0)
Acetylsalicylic acid; n (%) 66 (28.8) 11 (22.0)
Clopidogrel; n (%) 6 (2.6) 1 (2.0)
Dual antiplatelet therapy; n (%) 5 (2.2) 1 (2.0)
Oral anticoagulation; n (%) 3 (1.3)

Phenprocoumon 1 (0.4)
Rivaroxaban (20 mg) 2 (0.9)

Beta-blockers; n (%) 71 (31.0) 16 (32.0)
ACE inhibitors; n (%) 45 (19.7) 7 (14.0)
Angiotensin II receptor
antagonists; n (%)

46 (20.1) 15 (30.0)

Calcium channel blockers; n (%) 39 (17.0) 8 (16.0)
Statins; n (%) 59 (25.8) 9 (18.0)

ACE, angiotensin-converting enzyme; CRT, cine real time; CT, com-
puted tomography; IQR, interquartile range; MRI, magnetic reso-
nance imaging; mRS, Modified Rankin Scale; NIHSS, National
Institutes of Health Stroke Scale; SD, standard deviation; SSFP,
steady-state free precession; TIA, transient ischaemic attack.
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These 50 patients were also categorized as ‘healthy’ (sys-
tolic function: LVEF ≥ 50%, diastolic function: no sign of

diastolic dysfunction) or ‘abnormal’ (systolic function:
LVEF < 50%, diastolic function: any sign of diastolic dysfunc-
tion). With regard to systolic function, 42 of 50 patients
(84%) and with regard to diastolic function, 35 of 50 patients
(70%) were equally categorized according to both modalities.
The proportion of patients with unequal categorization was
similar in both modalities (systolic function: 6% vs. 10%, dia-
stolic function: 12% vs. 18%; McNemar’s test for marginal ho-
mogeneity: systolic function P = 0.61; diastolic function
P = 0.73). Measures of classification accuracy were as follows:
for systolic cardiac function, sensitivity of CRT was 85.7% and
specificity 80.0%. For diastolic cardiac function, sensitivity of
CRT was 74.3% and specificity was 60.0%. The positive and
negative predictive value of CRT for systolic cardiac function
was 91.0% and 71.0% and 81.0% and 50.0% for diastolic car-
diac function, respectively.1

Intraobserver and interobserver variability

Supporting Information, Tables S1 and S2 display the results
from intraobserver and interobserver comparison for

FIGURE 2 Overview of the study profile. SAX, short axis; AF, atrial fibrillation.

Table 2 Comparison of segmented cine SSFP and cine real-time
imaging

Segmented cine
SSFP Mean (SD)

Cine real-time
Mean (SD)

Mean difference (95%
CI)

EDV 141 (53) 135 (50) 6 (2 to 10)
ESV 70 (49) 66 (47) 4 (1 to 7)
LVEF 53 (13) 53 (14) 0 (�2 to 2)
EDMM 102 (39) 99 (36) 4 (�2 to 10)
PFRE 318 (112) 286 (114) 32 (12 to 51)
TPFR 155 (40) 158 (37) �3 (�15 to 10)
PFRL 304 (100) 266 (105) 38 (9 to 67)
E/A 1.15 (0.56) 1.23 (0.66) �0.08 (�0.25 to 0.10)
MDT 55 (15) 62 (14) �7 (�11 to �3)

E/A, peak filling rate ratio; EDMM, end-diastolic myocardial mass
(g); EDV, end-diastolic volume (mL); ESV, end-systolic volume
(mL); LVEF, left ventricular ejection fraction (%); MDT, mitral decel-
eration time (ms); PFRE, peak filling rate early (mL/min); PFRL, peak
filling rate late (mL/min); SSFP, steady-state free precession; TPFR,
time to peak filling rate (ms).
Segmented cine SSFP and cine real-time sequences were acquired
in 50 patients and analysed for the determination of key parame-
ters of cardiac function (modified from Hellwig1).
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individual parameters of cardiac function from 10 randomly
chosen data sets. ICCs for parameters directly derived from
the delineation of imaging data (EDV, ESV, LVEF, and EDMM)
were all above 0.83. There was a comparatively low level of
agreement (ICC below 0.5) for selected variables deduced
from the first derivative of imaging data: for intraobserver
comparison from CRT data regarding TPFR (0.44) and MDT
(0.36) as well as for the interobserver comparison from seg-
mented cine SSFP data regarding PFRE (0.35), E/A ratio
(0.16), and MDT (0.25) and from CRT data PFRE (�0.15), PFRL
(0.35), E/A ratio (�0.2), and MDT (0.34). Cohen’s kappa for
dichotomous intraobserver and interobserver grading
(‘healthy’ vs. ‘abnormal’) of systolic function did not differ
for cine SSFP and CRT imaging (κ = 1.0). Intraobserver grading
of diastolic function differed in one case for CRT analysis
(κ = 0.78) and was consistent for standard cine analysis
(κ = 1.0). Regarding interobserver comparison, grading of di-
astolic function differed in one case for standard cine imaging
(κ = 0.78) and did not disagree for CRT analysis (κ = 1.0).

Discussion

Assessment of systolic and diastolic cardiac function in pa-
tients with AIS using CMR at 3 Tesla was technically successful
in the majority of included patients (75%). The rate of systolic
dysfunction as assessed by CMR (25%) appears to be slightly
above previous findings, which state a rate of HFrEF in ischae-
mic stroke patients of 10–24% using echocardiography.3

However, one has to bear in mind that a borderline reduced
LVEF does not necessarily result in clinically manifest HF. A re-
cent systematic review reports a rate of diastolic dysfunction
between 16–53% in a population of patients aged 60 and
older, based on echocardiographic findings.6 In our analysis,
diastolic dysfunction was present in 59% of patients, using
CMR criteria. Because only five patients (2%) had a medical
history of HF, CMR supposedly also detects minor, suppos-
edly asymptomatic impairment of diastolic function.

In comparing accelerated CRT sequences with standard
high-resolution cine SSFP images, we found sufficient agree-
ment for the evaluation of systolic and diastolic cardiac function
with regard to key parameters such as TPFR and the peak filling
rate ratio E/A. Sensitivity and specificity of CRT analysis were
good for the assessment of systolic and sufficient for the as-
sessment of diastolic function. Our findings are of high clinical
importance, because reduced examination time is crucial for
the evaluation of potentially severely impaired patients suffer-
ing from AIS.12 Atrial fibrillation is frequent among patients
with ischaemic stroke, and possible avoidance of triggering ar-
tefacts due to irregular heartbeat may represent another ad-
vantage in favour of CRT imaging. However, because we did
not include patients with known atrial fibrillation, we are un-
able to prove this assumption. Furthermore, we observed no

statistically significant difference between the two modalities
with respect to LVEF and EDMM, whereas ESV and EDV did dif-
fer significantly. However, given the small absolute magnitude
of the mean difference (4 and 6 mL, respectively), we do not
believe that this is of clinical importance.

Comparison of standard cine SSFP and CRT imaging at
3 Tesla revealed similar differences as previously described
for 1.5 Tesla.25 Similar to studies comparing segmented cine
SSFP and segmented cine gradient recall echo sequences,
our study revealed differences in ESV and EDV, supposedly
due to better delineation of the endocardial contour.26

Therefore, the need for specific normal values depending
on the spatial and temporal resolution used in CRT sequences
is necessary. The aforementioned statistically significant dif-
ferences between parameters ESV, EDV, PFRE, PFRL, and
MDT despite only small variances regarding the respective
mean values and standard deviations might partly be explain-
able by systematically increased individual values in the anal-
ysis of high-resolution standard cine SSFP images due to a
more precise delineation of the endocardial contour and
the improved temporal resolution for volumes, whereas the
differences of temporal rates and times might be amplified
due to the use of the derivative.27 In the future, new imaging
reconstruction techniques such as regularized non-linear in-
version might enhance assessment of cardiac function.28

Intraobserver and interobserver variability was negligible
for key parameters of cardiac function (EDV, ESV, LVEF, and
EDMM), which underlines the reputation of CMR as a robust
and reproducible method.29 A comparatively low level of
agreement (ICC below 0.5) for selected variables deduced
from the first derivative of the VTC (PFRE, TPFR, PFRL, E/A ra-
tio, and MDT) may result from small deviations due to differ-
ent temporal resolution (cine SSFP: TR 40.3 ms, CRT: TR
48.6 ms) that can be amplified by the derivative.27

By demonstrating that CMR at 3 Tesla is an appropriate
method for the evaluation of cardiac function in a selected co-
hort of patients with AIS, we believe that this represents a use-
ful complement in the diagnostic workup after ischaemic
stroke. However, we are aware that CMR requires certain phys-
ical and technical preconditions. In particular, severely impaired
stroke patients might not be able to complete a full CMR exam-
ination or to comply with breath-holding commands. In our set-
ting, CRT technique for short-axis acquisition was significantly
shorter than cine SSFP imaging. Implementation of CRT imaging
might thus help to reduce examination time. This may have
practical implications, as a shorter total examination time may
increase clinical feasibility.

Limitations

This study has several limitations that might mitigate the valid-
ity of its results. First, this represents a post hoc analysis of a se-
lected group of patients with AIS willing to undergo CMR. Our
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findings cannot be generalized to all patients with AIS, as pa-
tients with atrial fibrillation or patients unable to provide in-
formed consent were excluded.17 Second, we only used
MR-derived parameters for classification of cardiac function.
With respect to the clinical gold standard of echocardiography,
comparison of parameters of cardiac function would have been
desirable. The threshold for normal systolic function was set to
LVEF ≥ 50%, although one might argue that there is a scope of
uncertainty between 35–50%, which was not specifically
addressed.5 Recently updated guidelines for the diagnosis and
treatment of HF suggest a state of HF with mid-range ejection
fraction (LVEF 40–49%).5 However, we did not address this con-
cept in our study, because it has not been introduced into clin-
ical practice and was not available at the time of data analysis.
Third, temporal resolution of real-time imaging was lower than
for the segmented cine imaging, which biases particularly the
functional assessment at higher heart rates and in diastole.
Fourth, in accordance with reference literature, we used the
left atrial planar size as a parameter to differentiate between
normal and pseudonormal diastolic function.30 Although
prognostically relevant, some other factors that have been de-
scribed to influence left atrial size such as adipositas or low
blood haemoglobin were not adjusted for in our analysis.31,32

Summary

Knowledge about the assessment of cardiac function using
CMR at 3 Tesla in patients suffering from AIS is limited. Com-
paring standard segmented cine SSFP sequences and acceler-
ated CRT sequences, the latter showed a sufficient level of
agreement for the determination of key functional parame-
ters but requires determination of specific normal values with
regard to spatial and temporal resolution. Whether
contrast-enhanced CMR is of incremental diagnostic and
prognostic value in the workup after AIS, especially in pa-
tients with previously unknown coronary artery disease, re-
quires further investigation.
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Table S1. Intraobserver variability. A) Segmented cine SSFP
and B) cine real-time datasets from ten randomly chosen
patients were reevaluated in a blinded fashion by the orig-
inal rater to determine intraobserver variability (modified
from1).
Table S2. Interobserver variability. A) Segmented cine
SSFP and B) cine real-time datasets from ten randomly
chosen patients were reevaluated in a blinded fashion by
a second experienced rater to determine interobserver
variability (modified from1).
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