Introduction
The main direction of left ventricular (LV) contraction is based on the different architecture of myocardial fibers. Subendomyocardial LV layers are predominantly responsible for longitudinal deformation, subepimyocardial LV layers for circumferential deformation1. Despite unspecific clinical symptoms in infective myocarditis (IM), e.g. subfebrile temperatures, cough, palpitations, alterations of circumferential and rotational deformation can be detected, because myocardial edema, hyperemia and fibrosis are predominantly documented by cardiac magnetic resonance (cMRI) within the outer LV layers in viral IM2-4. Thus, it can be assumed that the specific analysis of different compounds of LV deformation might be a crucial diagnostic tool in patients with IM. This case report focusses on conspicuous findings of regional LV deformation in a patient with IM and preserved LV systolic function. 

Case
History: Admission to emergency care unit of a 60-year-old female patient with non-specific chest pain, dyspnea, and flu-like symptoms (cough, head- and limb pain, and palpitations). Medical history: Crohn’s disease, Hashimotos thyroiditis, no significant cardiovascular risk factors.
Diagnostic/findings (baseline): ECG and initial cardiac biomarkers were normal. Echocardiography showed preserved LV ejection fraction (EF) and normal global longitudinal (GLS) and radial strain (GRS). In contrast, lower circumferential strain (GCS) - especially subepimyocardial layer strain values - were observed in the basal inferior, posterior, lateral and anterior as well as the apical lateral LV-segment. Line graphs of apical and basal rotation and LV twist as well as corresponding line graphs of rotation rate show conspicuous LV twist and untwisting (Fig. 1).
Infective myocarditis was confirmed by cMRI showing three positive Lake Louise criteria documented by T2-STIR- (short Tau inversion recovery), T1-BBFS- (black blood fast spin echo - early enhancement), and PSIR- (phase-sensitive inversion recovery - late enhancement) sequences (Fig. 2).
Follow-Up (after 6 months): Normal GLS and higher GRS were documented in the follow-up after 6 months (Fig. 3). GCS has improved, whereas lower regional circumferential strain was only observed subepimyocardial in the basal and apical lateral LV segments. Rotation line graph show normal apical rotation and biphasic basal rotation as well as “chaotic” rotation rate-pattern during diastole (Fig. 3). For comparison normal rotation- and rotation rate-patterns of a healthy subject are shown in Figure 4. 
Whereas no significant alterations of regional longitudinal strain could be documented between the baseline and follow-up, the analysis of longitudinal myocardial work index (MWI) showed conspicuous findings. Higher MWI values were observed in the apical LV segments and in the basal posterior LV segment. After 6 months MWI has improved showing only slightly increased MWI values in the apical inferior LV segment (Fig. 5). 

Discussion
To our knowledge these dynamics of strain- and rotation (rate)- patterns and values of higher regional MWI in a patient with IM and preserved LV systolic function are described for the first time. In case of normal ECG and preserved LVEF no further diagnostics will often be performed in patients with IM. Echocardiography focusses usually on the assessment of global and regional LV systolic function and GLS. However, this case documents that longitudinal deformation (GLS) is not necessarily impaired in patients with IM. Further, the echocardiographic detection of findings which are highly suspicious for IM might be important because of the considerably high risk of cardiovascular morbidity and mortality in patients with IM5.
As demonstrated in this case, IM leads to predominant alterations of subepimyocardial circumferential strain, LV rotation and rotation rate. In contrast to the impairment of regional rotational deformation, an increase of regional constructive work was observed in regions adjacent to LV segments with impaired circumferential deformation. An increased longitudinal MWI indicates the impairment of LV twist and LV untwisting induced by the viral inflammation of the outer layers of the LV myocardium. An increase of regional constructive work can be interpreted as a compensatory mechanism counteracting reduced circumferential strain of the outer LV layers induced by IM. This might also explain the preserved global LV systolic function (Fig. 5). This assumption is supported by an improvement of circumferential strain in contrast to an impairment of longitudinal strain at early stages of cardiotoxicity which has been described as a potential compensation mechanism after initiation of trastuzumab therapy6. Thus, the assessment of GRS, circumferential layer strain7,8, LV twist and LV untwisting (rotational deformation) as well as MWI9,10 might presumably provide an easy and non-invasive tool to detect subclinical or early stages of subepimyocardial involvement in patients with IM. Abnormalities of circumferential and rotational deformation might be used to initiate further diagnostic procedures, e.g. cMRI, myocardial biopsy, to confirm the diagnosis. Further, MWI represents a novel non-invasive method to differentiate between LV segmental constructive and unproductive work by LV-pressure-strain-loops.

Conclusion
This case highlights a simple non-invasive approach using modern echocardiographic modalities to probably detect subclinical myocardial involvement in patients with IM. The opportunity to diagnose myocardial involvement in viral infections by echocardiography is becoming more and more important, the higher the contagiousness and pathogenicity of the virus. Obviously, further studies have to be performed to prove the hypothesis of the increase of regional MWI induced by impaired circumferential strain. 




Figure Legends
Fig. 1: Documentation of echocardiographic findings of a 60-year-old female with infective myocarditis: Illustration of the tracking area of apical (a,b) and basal (c,d) LV segments in parasternal short axis views during diastole (a,c) and systole (b,d) documenting the counterclockwise rotation of the apex (b) and the clockwise rotation of the base (d). Line graphs of normal regional radial deformation of the apical and basal LV segments (e,f). 2D parasternal short axis views representing segmental subendo- and subepimyocardial circumferential deformation (g-j) including segmental strain graphs and color-M-Modes; Conspicuous deformation was observed in the basal inferior, posterior, lateral and anterior as well as the apical lateral LV-segment (j); line graphs of apical (blue) and basal rotation (magenta) and LV twist (white) (k) as well as corresponding line graphs of rotation rate (l) showing conspicuous LV twist and untwisting.

Fig. 2: Documentation of cMRI findings of a 60-year-old female with infective myocarditis: Documentation of a predominant edema in the septal and inferior apical to basal LV segments (a-d). Arrows label regions of increased T2 ratio in the T2-STIR sequences (short Tau inversion recovery). Documentation of hyperemia by T1-BBS sequences (black blood fast spin) by early gadolinium enhancement (e-h). Arrows label regions of increased early enhancement (e,g - prior to contrast, f,h - after contrast). Documentation of fibrosis by late gadolinium enhancement in PSIR sequences (phase sensitive inversion recovery) (I - 4-chamber view, j-l - short axis views). Arrows label regions of transmural and subepimyocardial delayed enhancement.  

Fig. 3: Documentation of echocardiographic findings at follow-up after 6 months: Illustration of the tracking area of apical (a,b) and basal (c,d) LV segments in parasternal short axis views during diastole (a,c) and systole (b,d) documenting the counterclockwise rotation of the apex (b) and the clockwise rotation of the base (d). Line graphs of increased regional radial deformation of the apical and basal LV segments (e,f). 2D parasternal short axis views representing segmental subendo- and subepimyocardial circumferential deformation (g-j) including segmental strain graphs and color-M-Modes; Conspicuous circumferential strain was only observed subepimyocardial in the basal and apical lateral LV segments (h,j); line graphs of apical (blue) and basal rotation (magenta) and LV twist (white) (k) as well as corresponding line graphs of rotation rate (l) showing normal apical rotation and biphasic basal rotation as well as still “chaotic” rotation rate-pattern during diastole (l).

Fig. 4: Documentation of rotational deformation patterns in a healthy subject: Illustration of conventional 2D images (a,c) and the tracking area (b,d) of apical (a,b) and basal (c,d) LV segments in parasternal short axis views during diastole (a,c) and systole (b,d) documenting the counterclockwise rotation of the apex (a) and the clockwise rotation of the base (c). Line graphs of normal regional radial deformation of the apical and basal LV segments (e,f). 2D parasternal short axis views representing segmental subendo- and subepimyocardial circumferential deformation (g-j) including segmental strain graphs and color-M-Modes; normal monophasic deformation is documented in all subendo- and subepimyocardial LV segments; line graphs of apical (blue) and basal rotation (magenta) and LV twist (white) (k) as well as corresponding line graphs of rotation rate (l) showing normal LV twist and untwisting.

Fig. 5: Documentation of longitudinal strain pattern (a) and regional myocardial work index (b) in infective myocarditis (baseline). In c-f the regional pressure-strain loops are presented for the apical inferior (c), mid inferior (d), basal inferior (e) and basal posterior LV segment documenting increased constructive work mainly in the mid-apical inferior and basal posterior LV segments. Documentation of the corresponding patterns at follow-up after 6 months (g-l). The longitudinal strain pattern (g) did not significantly change, the regional myocardial work index has improved - except in the apical inferior LV segment (h,i).
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