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Activation time at the left ventricular pacing site
(QLV) relative to the actual site of latest
activation—Implications for response to

cardiac resynchronization therapy
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Pacing the latest left ventricular (LV) electrically activated
sitt (LEAS) may be an intraprocedural technique to
improve cardiac resynchronization therapy (CRT) efficacy.
Thus, a QLV (defined by time interval from the first deflec-
tion on a surface electrocardiogram to local intrinsic activa-
tion at the LV pacing site) of >95 ms was proposed to
distinguish CRT responders." However, the predictive
value was modest. In another report, QLV was not associ-
ated with optimal acute hemodynamic response at the indi-
vidual level.” This may be because LEAS was not
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identified in these studies, and empirically delivered leads
may have missed it (extent described by the interval be-
tween QLEAS [defined by time interval from the first
deflection on a surface electrocardiogram to local activation
at LEAS] and QLV). Therefore, we compared QLEAS
with QLV and assessed the effect of the QLEAS-QLYV in-
terval on response to CRT.

We studied patients who had received CRT for class I or
class Ila indications, regardless of CRT response, at 5 Euro-
pean sites. The study was approved by the institutional com-
mittee on human research at the authors’ institutions and
adhered to the Declaration of Helsinki. LV lead placement,
device programming, and follow-up followed physician pref-
erence and site protocol. All patients had clinical follow-up
between 6 and 12 months postimplantation, including echo-
cardiographic study. CRT nonresponse was defined as an LV
end-systolic volume reduction of <15%, assessed echocar-
diographically. Patients underwent noninvasive 3-dimen-
sional (3D) electrical activation mapping and torso
computer tomography scanning 624 months postimplanta-
tion.” QLV (at the LV lead pole used for pacing) and QLEAS
were derived from noninvasive 3D electrical activation maps
by a core laboratory blinded to clinical data. Logistic regres-
sion modeling was conducted for QLV and QLEAS-QLV
against CRT response, and optimal cut points were calcu-
lated.

Of 111 patients (mean age 64 * 11 years; 74% male; 98% (7

left bundle branch block; QRS duration 172 £ 21 ms;
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Figure1  A:Example of QLV and QLEAS locations in a patient being a nonresponder (quadripolar spiral lead and pacing from LV ring 2 to RV). B and C: Box

plots showing QLV with a cut point of 85 ms between responders and nonresponders (panel B) and QLEAS-QLYV with a cut point of 6 ms between responders and
nonresponders (panel C). D: ROC curves of a QLV cut point of 85 ms and a QLEAS-QLYV cut point of 6 ms. LV = left ventricular; QLV = time interval from the
first deflection on a surface electrocardiogram to local intrinsic activation at the LV pacing site; QLEAS = time interval from the first deflection on a surface
electrocardiogram to local activation at the electrically activated site; ROC = receiver operating characteristic; RV = right ventricle.

baseline LV ejection fraction 28% * 6%; LV end-systolic
volume 183 = 87 mL; implant duration 12 = 5 months),
31%/69% had New York Heart Association class II/III and
38% had ischemic heart disease. Two-thirds (67% [74 of
111]) of the patients responded at 10 = 3 months postimplan-
tation.

The mean QLV value was 97 = 23 ms (range 42—148 ms)
overall, 103 £ 21 ms for responders, and 83 = 22 ms for non-
responders (P < .001). QLEAS was 109 = 19 ms (range 66—
150 ms) overall, 109 % 20 ms for responders, and 110 = 19
ms for nonresponders (P = .74). QLEAS-QLV was 13 = 18
ms (range 0—120 ms) overall, with larger values indicating
LV lead placement in a site activated correspondingly earlier
than LEAS. The difference was 6 = 10 ms for responders and
27 = 22 ms for nonresponders (P < .001) (Figure 1).

The optimal cut point for QLV was 85 ms, with a sensi-
tivity of 0.89, a specificity of 0.57, and an area under the
curve (AUC) of 0.742 (95% confidence interval 0.637—
0.846). The optimal cut point for QLEAS-QLV was 6 ms,
with a sensitivity of 0.77, a specificity of 0.95, and an
AUC of 0.901 (95% confidence interval 0.844-0.957)
(Figure 1). The AUC for QLV and QLEAS-QLYV cut points
differed significantly (P < .001).

Eighteen of 111 patients (16%) were nonresponders despite
a QLV of >85 ms, whereas only 2 patients (2%) were nonre-
sponders despite a QLEAS-QLYV interval of <6 ms.

In summary, a significant nonresponse rate persists in
“ideal” CRT patients (ie, left bundle branch block and QRS
duration > 150 ms) but this may be mitigated by LV pacing
at the site of terminal LV activation. Our data confirm that
longer QLV is associated with CRT response." However,
QLEAS better discriminates CRT responders from nonre-
sponders; thus, QLV-guided LV lead placement without
prior knowledge of LEAS will miss the target LV pacing
site in 16% of individuals.

In conclusion, using noninvasive 3D global mapping to g9

identify LEAS pre-CRT implantation and directing LV lead
placement to within 6 ms of this site may improve CRT effi-
cacy. However, this strategy may be limited by coronary
venous anatomy. These hypotheses merit prospective evalu-
ation.

References

1. Gold MR, Birgersdotter-Green U, Singh JP, et al. The relationship between ventric-
ular electrical delay and left ventricular remodelling with cardiac resynchronization
therapy. Eur Heart J 2011;32:2516-2524.

SCO 5.6.0 DTD m HRTHM9860_proof m 7 May 2023 ® 5:04 pm W ce

205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272



273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340

Varma et al  QLV vs Site of Terminal LV Activation in CRT 3

2. van Everdingen WM, Zweerink A, Cramer MJ, et al. Can we use the intrinsic left 3. Parreira L, Tsyganov A, Artyukhina E, et al. Non-invasive three-dimensional elec-
ventricular delay (QLV) to optimize the pacing configuration for cardiac resynch- trical activation mapping to predict cardiac resynchronization therapy response:
ronization therapy with a quadripolar left ventricular lead? Circ Arrhythm Electro- site of latest left ventricular activation relative to pacing site. Europace 2023;
physiol 2018;11:¢005912. 25:1458-1466.

SCO 5.6.0 DTD m HRTHM9860_proof m 7 May 2023 ® 5:04 pm W ce

341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408



	Activation time at the left ventricular pacing site (QLV) relative to the actual site of latest activation—Implications for ...
	References


