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Background
Magnetic Resonance Imaging (MRI) can be used to
create maps of left ventricular (LV) mechanical activa-
tion delay by analyzing time-dependent radial motion of
the myocardium. Local electrograms (EGM) can be
obtained during the CRT procedure to measure local
electrical activation delay in the LV myocardium. Preo-
perative MRI assessment of regional dyssynchrony
would be useful to guide CRT lead placement. However,
the relationship between electrical and mechanical
dyssynchrony has not been studied in humans. We
hypothesized that intraoperative electrical delay times
will correlate with MR-based mechanical delay times.

Methods
This study compared 24 intraoperative LV lead sites in 7
patients undergoing CRT that met standard inclusion
criteria (QRS Duration>120ms, NYHA HF Class III-IV,
EF<35%).
MR cine short-axis SSFP images were acquired with

60 frames per cardiac cycle. Radial displacements of the
endocardium were used to generate maps of regional
mechanical delay times (Figure 1A) using an existing
technique (Suever, et al. SCMR 2012).
During the CRT implantation procedure, the right ven-

tricular (RV) pacing lead was positioned in the RV apex.
The LV pacing lead electrodes were positioned in several
sites within the coronary venous system. At each loca-
tion, bi-plane X-rays were acquired and local EGMs were
obtained for both the RV and LV leads (Figure 1B).

The electrical activation delay time was defined as the
peak-to-peak difference between the LV electrode EGM
and the fixed reference RV EGM (Figure 1C).
LV lead recording positions were mapped to the AHA

bullseye by an experienced observer. Mechanical activa-
tion delays in the region surrounding each lead location
were compared to the corresponding mechanical and
electrical delay times (Figure 1D).

Results
EGMs were successfully acquired at 24 locations through-
out the coronary veins in 7 patients. Intraoperative electri-
cal delay times were -40.0 ± 61.3 ms and MR-derived
mechanical delay times were 25.3 ± 71.1 ms. In each
patient, mechanical and electrical delay times were
strongly correlated with a mean r-value of 0.94 (range:
0.83-1.00). These data indicates that electrical delay is
strongly coupled to mechanical delay as measured by MR.

Conclusions
Mechanical activation delay times obtained using short-
axis MRI data correlated on a patient-by-patient basis
with invasive measurements of electrical activation
delays in the LV. Not only does this provide support for
using short-axis MRI for the detection of mechanical
dyssynchrony, but also provides the opportunity to
study electromechanical coupling in CRT patients.
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Figure 1 Mechanical delay times from MRI data were mapped to the AHA 17-segment model (A). A bipolar lead was advanced to several
locations throughout the coronary veins (B) and electrograms were obtained at each location(C). The lead locations were mapped to the AHA
17-segment model (numbers) and mechanical and electrical delay times were compared (D).
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