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SUMMARY: 22 
With the following protocol, we provide an approach to Ventricular Tachycardia (VT) ablation 23 
using high density mapping with a multipolar catheter and 3D mapping system enhancing the 24 
success of the procedure. 25 
 26 
LONG ABSTRACT: 27 
Ventricular tachycardia (VT) in patients with ischemic cardiomyopathy mainly results from 28 
endocardial scars after myocardial infarction; those scars represent zones of slow conduction 29 
that allow the occurrence and maintenance of reentrant circuits. Catheter ablation enables 30 
substrate modification of those low voltage areas and thus can help to alter the scar tissue in 31 
such a way that arrhythmias cannot appear anymore. Hospitalizations of concerned patients 32 
decrease, quality of life and outcome rise. Consequently, VT ablation represents a growing 33 
field in electrophysiology, especially for patients with endocardial scars in ischemic heart 34 
disease after myocardial infarction. However, ablation of ventricular tachycardia remains one 35 
of the most challenging procedures in the electrophysiology lab. Precise scar definition and 36 
localization of abnormal potentials are critical for ablation success. The following manuscript 37 
describes the use of a multipolar mapping catheter and 3-dimensional (3D) mapping system 38 
to create a high density electro-anatomical map of the left ventricle including a precise scar 39 
representation as well as mapping of fractionated and late potentials in order to allow a highly 40 
accurate substrate modification. 41 
 42 
INTRODUCTION:  43 
Coronary artery disease and myocardial infarction remain major causes for morbidity and 44 
mortality in the industrialized world1. Myocardial scars after transmural infarction represent 45 
low voltage areas and thus zones of slow electrical conduction and facilitate the appearance 46 
and maintenance of macro-reentrant circuits. Ventricular tachycardias (VT) are responsible 47 
for repeat hospitalizations, painful shocks of implantable cardioverter defibrillators (ICD) and 48 
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thus lessen quality of life and cause poor outcome2-3. Catheter ablation can reduce the 49 
occurrence of VT, especially in ischemic heart disease4, and should be considered in patients 50 
with ventricular arrhythmias and underlying structural heart disease in the presence of an ICD 51 
(class IIa B recommendation)5. In patients with structural heart disease with ventricular 52 
arrhythmias already suffering from ICD shocks, catheter ablation is recommended (class I B 53 
recommendation)5. However, catheter ablation is still a high-risk procedure, considering the 54 
often-poor state of health of concerned patients with mostly reduced left ventricular ejection 55 
fraction and multiple co-morbidities. Furthermore, the precise localization of scars and 56 
abnormal potential can be challenging but are critical for ablation success. The use of 3D 57 
mapping systems and multipolar catheters allow electro-anatomical high-density mapping 58 
and can considerably facilitate the acquisition of electrical information and thus improve the 59 
quality and validity of the 3D model and consequently enhance ablation success and patient 60 
outcome. So far, there are 3 different 3D mapping systems available, whereof one is 61 
commonly used for VT ablation. The following protocol describes an approach to endocardial 62 
ischemic VT ablation using a less common 3 D mapping system in the field of VT ablation and 63 
a multipolar catheter (see Table of Materials) for high-density electro-anatomical 64 
reconstruction. 65 
 66 
PROTOCOL: 67 
The following protocol complies with the guidelines of the human research ethics committee 68 
of the department for internal medicine/cardiology of the Hietzing Hospital in Vienna. 69 
 70 
1. Preliminary Measures 71 
 72 
1.1. Administer the patient for whom VT ablation is planned at the ward at least 2 days prior 73 
to the procedure.  74 
 75 
1.2. Acquire blood sampling, X-ray of the chest and transthoracic echo-cardiography. In case 76 
of known atrial fibrillation (persistent or paroxysmal), perform a transesophageal 77 
echocardiography one day prior to the procedure. 78 

 79 
1.3.  On the day of VT ablation, discontinue oral anticoagulants (in case the patient takes some 80 
for atrial fibrillation or other co-morbidities requiring the use of oral anticoagulants) and 81 
administer i.v. antibiotics. 82 
 83 
2. Patient Preparation During the Procedure 84 
 85 
2.1. Apply self-adhesive ECG electrodes for 12-lead ECG (on the front chest – see 86 
Supplementary Figure 1 - and extremities in a standard position) as well as surface patches, 87 
neutral electrode and a system reference electrode compatible with the designated 3D 88 
mapping system (see Table of Materials) and a neutral electrode for the ablation catheter in 89 
a standard position to the patient´s skin (see also Supplementary Figure 2). 90 
 91 
2.2. Apply self-adhesive defibrillator patches to the patient´s skin in the advised position 92 
(below the right clavicle and at the left ventricular apex) and switch on the defibrillator. 93 
 94 
2.3. Deactivate the tachycardia therapies of the ICD with the appropriate programmer, 95 
optionally deactivate all device functions that might interfere with the ablation current.  96 



 97 
Note: Tachycardia therapies of the ICD will stay deactivated throughout the procedure. 98 
Guarantee close monitoring and consistent readiness of the external defibrillator.  99 
 100 
2.4. Use a pulse oximeter to monitor the oxygen saturation. 101 
 102 
2.5. Introduce a sheath via the left radial artery for invasive blood pressure monitoring, either 103 
via Seldinger technique6 or with an arterial puncture system with an integrated cannula (see 104 
Table of Materials). 105 
 106 
2.6. Disinfect patient´s skin in both groins with 75% propanol (see Table of Materials) and 107 
cover the patient´s body with a sterile cloth, sparing the groins.  108 
 109 
Note: At this point, all persons entering the catheter laboratory and working in close proximity 110 
to the patient have to wear hoods and masks.  111 
 112 
3. Groin Puncture and Catheter Positioning 113 
 114 
3.1. Apply local anesthesia (xylocaine) in both groins by subcutaneous injection and introduce 115 
a central venous catheter via the left femoral vein and 3 sheaths (5, 6 and 12 Fr) via the right 116 
femoral vein with Seldinger technique6.  117 
 118 
3.2. Place a quadripolar catheter in the right ventricular apex and an 8-polar steerable 119 
catheter in the coronary sinus by means of fluoroscopy (beam positions: AP, RAO 30°, and LAO 120 
60°).  121 
 122 
Note: As soon as the x-ray equipment is activated, all persons entering the catheter laboratory 123 
have to wear lead protection. 124 
 125 
3.3. Connect diagnostic catheters to the electrophysiology system and stimulator (see table 126 
of materials). 127 
 128 
3.4. Verify that the quadripolar catheter in the right ventricle has sufficient capture by 129 
stimulating with a cycle length of 600 ms (or less, if the patient is tachycardic) and look for the 130 
adequate response. 131 
 132 
3.5. Administer 5000 IU heparin via a venous sheath in the groin. Perform activated clotting 133 
time (ACT) measurements every half hour with an appropriate device (see Table of Materials, 134 
ACT goal: above 250 s). 135 
 136 
3.6. Introduce a long steerable sheath (see Table of Materials) via the right femoral vein into 137 
the right atrium of the heart and perform trans-septal puncture using an appropriate needle 138 
connected to a pressure sensor line (beam positions AP and LAO 90° or RAO 20° and LAO 50° 139 
depending on the investigator). After puncturing the inter-atrial septum of the heart, 140 
disconnect the pressure sensor line and apply contrast agent via the needle to check the 141 
correct position inside the left atrium. Then advance the sheath over the dilator under 142 
fluoroscopy control and place the distal end of the long steerable sheath in the left atrium 143 
pointing towards the left ventricle. 144 



 145 
3.7. Initiate general anesthesia by administration of propofol and remifentanil. 146 
 147 
4. Electro-anatomical Reconstruction of the Left Ventricle 148 
 149 
4.1. Introduce a duodecapolar mapping catheter (steerable duodecapolar catheter, electrode 150 
spacing 2-2-2, electrode length 1 mm, see Table of Materials) in the left ventricle via the 151 
steerable sheath and collect anatomical and electrical data of the endocardial left ventricle 152 
using the 3D mapping system (see Table of Materials) and the duodecapolar catheter.  153 
 154 
4.2. Define voltage of ventricular signals as follows: scar area under 0.5 mV, low voltage area 155 
between 0.5 and 1.5 mV and normal voltage area above 1.5 mV. Be careful to take into 156 
consideration only ventricular beats of the same type: either intrinsic ventricular activation in 157 
sinus rhythm or stimulated ventricular beats if the patient is pacemaker-dependent. Do not 158 
use premature ventricular complexes. Use the morphology matching feature to sort out 159 
unwanted ventricular complexes.  160 

 161 
4.3. Pay close attention to fractionated (ventricular activation with more than one 162 
component) and late (second ventricular activation clearly separated from the first ventricular 163 
activation on a given electrode) potentials and annotate them separately (e.g. with special 164 
tags, see Figure 1).  165 

 166 
4.4. Optionally, turn down the lower voltage limit to 0.2 mV to identify viable conducting 167 
tissue inside the scar (see Figure 2 and 3). 168 

 169 
4.5. Optionally, pace from the right ventricle to clearly separate the late potential from the 170 
first ventricular activation (see Figure 4). 171 
 172 
4.6. Remove the duodecapolar mapping catheter and introduce an irrigated tip ablation 173 
catheter with sensor (electrode spacing 2-2-2, see Table of Materials) connected to a cooling 174 
pump into the left ventricle. Complete the electroanatomical map with the ablation catheter 175 
by adding missing anatomy (collect electroanatomical points at places where the 176 
duodecapolar catheter could not be placed) and verifying zones of high interest (i.e. zones 177 
with very fractionated and late potentials – tag those zones separately, see Figures 4-5). 178 
 179 
5. Programmed Ventricular Stimulation (PVS) 180 
 181 
5.1. Perform PVS7 via the catheter in the right ventricular apex and the EP stimulator (see 182 
Table of Materials) using a predefined protocol of up to 9 steps or until a sustained VT is 183 
induced:  184 
 185 
5.1.1. Begin with a 6-beat drive train (10 V over 2 ms) with 500 ms cycle length and add an 186 
extra-stimulus of 350 ms coupling interval after the last stimulus of the drive train. Then, after 187 
a pause of at least 5 s, repeat this maneuver by decrementing the coupling interval of the 188 
extra-stimulus every cycle by 10 ms until the refractory time of the right ventricle is reached.  189 
 190 
5.1.2. Then, add a second extra-stimulus (beginning with 350 ms coupling interval) and repeat 191 
the above-mentioned protocol until ventricular refractory time. Couple the first extra-stimulus 192 



with the following interval: refractory time plus 20-30 ms, as appropriate (make sure the 193 
second extra-stimulus captures the right ventricle).  194 
 195 
5.1.3. Reduce the drive train to 430 ms, then 370 ms and at last 330 ms and repeat the above-196 
mentioned steps.  197 
 198 
5.1.4. At last, add a 3rd extra-stimulus to the drive train of 500 ms and repeat the above-199 
mentioned protocol. 200 
 201 
5.1.5. Repeat the protocol in the right ventricular outflow tact (RVOT) if no sustained VT can 202 
be induced. 203 
 204 
5.1.6.  Make sure that the external defibrillator is ready to deliver a shock at any time during 205 
the whole procedure, and re-check it before PVS. 206 
 207 
5.2. In case a sustained monomorphic VT can be induced (the following also applies if VT 208 
occurs during mapping or ablation): 209 
 210 
5.2.1. Create an activation map of the left ventricle using the 3 D mapping system (LAT-map: 211 
local activation time) if the VT is hemodynamically stable. Optionally, perform entrainment 212 
mapping. 213 
 214 
5.2.2. Stop the VT by overdrive stimulation via the catheter in the right ventricular apex or, if 215 
that fails, by external cardioversion/defibrillation. 216 
 217 
5.2.3. Mark and annotate every VT that can be induced and compare them to spontaneously 218 
occurring VTs or use it for pace mapping. 219 
 220 
5.2.4. If no sustained VT can be induced, continue with substrate modification (point 6) in case 221 
of a well-defined scar in ischemic cardiomyopathy. However, without inducible VT at the 222 
beginning of the procedure, there is no clear endpoint and control of success of the ablation 223 
therapy. 224 
 225 
6. Catheter ablation 226 
 227 
6.1. Start irrigated radio frequency ablation with 35 to 45 W using the ablation catheter. 228 
Optionally, use a contact force catheter that provides information on tissue contact. Apply 229 
energy per lesion until a force-time-integral of 450 gs. Encircle scar areas by ablation lesions. 230 
Then, ablate all previously mapped abnormal potentials (substrate modification). Match pace 231 
mapping in electrically interesting regions to previously marked VTs. 232 
 233 
6.2. Pay close attention to ablation catheter impedance (usually between 90 and 150 Ohm), 234 
catheter temperature (max. 43°C) and patient´s blood pressure (compared to the initial value). 235 
Immediately stop ablation if impedance drops or rises substantially compared to the initial 236 
value. 237 
 238 
7. Post Ablation  239 
 240 



7.1. After ablation, repeat PVS. 241 
 242 
7.1.1. If ventricular arrhythmias can be induced, re-evaluate the substrate and continue 243 
ablation (see point 5.). 244 
 245 
7.1.2. If no arrhythmia can be induced, stop the procedure. 246 
 247 
7.2. Stop general anesthesia (optionally an anesthesiologist takes care of general anesthesia 248 
and gradually discontinues all sedative agents at the end of the procedure). 249 
 250 
7.3. Remove all catheters and sheaths from the heart. 251 
 252 
7.4. Re-activate the tachycardia therapies of the ICD and restore all formerly de-activated 253 
functions. 254 
 255 
7.5. Perform transthoracic echocardiography to exclude pericardial effusion. 256 
 257 
7.6. Take a final ACT measurement and administer protamine, if appropriate. 258 
 259 
7.7. Remove the sheaths of the right groin and apply a compression bandage. The central 260 
venous catheter in the left groin remains. 261 
 262 
7.8. As soon as the patient is awake and extubated, bring him to the intensive care unit for 263 
further surveillance. 264 

 265 

REPRESENTATIVE RESULTS:  266 
The protocol describes in detail catheter ablation of monomorphic ventricular tachycardia in 267 
a patient with ischemic heart disease after anterior myocardial infarction with occlusion of the 268 
proximal left anterior descendant artery. The patient suffered from multiple ICD shock 269 
deliveries. Transthoracic echocardiography showed a severely reduced systolic left ventricular 270 
function (ejection fraction 30%) with a large apex aneurysm. VT ablation was performed using 271 
a 3D mapping system (see Table of Materials) and a multipolar (20 pole) steerable mapping 272 
catheter (see Table of Materials, electrode size 1 mm, electrode spacing 2-2-2). Simultaneous 273 
acquisition of numerous mapping points allowed a rapid and precise electroanatomical 274 
reconstruction of the left ventricle (see Figures 1, 2 and 3). The close electrode spacing of the 275 
multipolar catheter made possible the detection of critical signals such as fragmented and late 276 
potentials. Additional pacing from the right ventricle clearly separated the late potential from 277 
the first ventricular activation and thus identified the mapped area as a zone of slow 278 
conduction and therefore of high importance regarding the occurrence and maintenance of 279 
ventricular arrhythmias (see Figure 4). Areas that could not be reached with the multipolar 280 
catheter where addressed with the ablation catheter (see Table of Materials), which also has 281 
a close electrode spacing of 2-2-2.  282 
 283 
By means of all the above-mentioned mapping strategies, a very precise map could be 284 
generated, showing a scar area at the left ventricular apex and adjacent areas (see Figures 1, 285 
2 and 3, scar area 54 cm2). However, mapping time could be limited to 27 minutes. 286 
 287 
During programmed ventricular stimulation and ablation, a total of 4 VTs could be induced. 288 



One of them (see Supplementary Figure 3) could be entrained and successfully ablated at the 289 
lateral border zone of the scar. Additionally, substrate modification was performed by 290 
encircling the scar, ablating all late abnormal potentials and ablating sites of pace maps 291 
matching the induced VTs. 292 
 293 
At the end of the procedure, no VT could be induced with the stimulation sequences that 294 
enhanced the VTs at the beginning of the procedure. Only a VT with presumably epicardial 295 
origin could be induced with very aggressive stimulation. We decided to stop the procedure 296 
at that point. 297 
 298 
The described method helps to improve ablation success and patient outcome. 299 
 300 
FIGURE AND TABLE LEGENDS: 301 
 302 
Supplementary Figure 1: ECG electrode position. The position of the surface ECG electrodes 303 
on the front chest (taken and adapted from the user handbook of the 3D mapping system8). 304 
 305 
Supplementary Figure 2: 3D mapping system patch position. The position of the EnSite 306 
Precision™ patches on the body (taken and modified from the user handbook of the 3D 307 
mapping system8). 308 
 309 
Supplementary Figure 3: Clinical tachycardia. One of four induced ventricular tachycardias 310 
during the procedure, written with 50 mm/s, cycle length 440 ms. 311 
 312 
Figure 1: Voltage map range 0.5 to 1.5 mV. RAO (left side) and LAO (right side) projections of 313 
a voltage map of the endocardial left ventricle. Small yellow dots represent electro-anatomical 314 
mapping points. The voltage of ventricular signals is defined as scar below 0.5 mV (grey), the 315 
low voltage between 0.5 and 1.5 mV (from red to blue) and the normal voltage above 1.5 mV 316 
(purple, see the scale on the left side of the figure). Large green dots represent late potentials. 317 
 318 
Figure 2: Voltage map range 0.2 to 1.5 mV. RAO (left side) and LAO (right side) projections of 319 
the same voltage map, this time with a low voltage range between 0.2 and 1.5 mV. Note the 320 
now patchy still viable and thus conducting tissue inside the scar. Late potentials (green dots) 321 
are located those areas that presumably represent zones of slow conduction. 322 
 323 
Figure 3: Voltage map with ablation lesions. RAO (left side) and LAO (right side) projections 324 
of the voltage map of the endocardial left ventricle (low voltage range between 0.2 and 1.5 325 
mV) including ablation lesions (large red dots). 326 
 327 
Figure 4: Intracardiac electrogram with late potentials. Intracardiac electrogram at a site 328 
where late potentials could be recorded. 12-lead ECG on top of the screen; RVAd: catheter in 329 
the right ventricular apex; Penta: duodecapolar catheter (poles 1/2 to 19/20); CS: 8-pole 330 
catheter in the coronary sinus (poles 7/8 to ½). A: in sinus rhythm. The late potential on poles 331 
5/6 and 7/8 of the duodecapolar catheter is located directly after the first ventricular 332 
activation. Also, note the very late potential on pole 1/2 of the duodecapolar catheter. B: 333 
during RVA-stimulation at the same site. The late potential on poles 5/6 and 7/8 of the 334 
duodecapolar catheter is now clearly separated from the first ventricular activation.  335 
 336 



DISCUSSION: 337 
The use of 3D mapping systems in complex electrophysiological procedures is a well-338 
established method to acquire detailed and precise anatomical information and reduce 339 
radiation time and enables the creation of substrate and activation maps9. However, data 340 
acquisition can be challenging due to difficult catheter movement, especially in the left 341 
ventricle. Furthermore, point by point map acquisition takes a lot of time and thus prolongates 342 
the electrophysiological procedure. Wide electrode spacing at the tip of the mapping catheter 343 
reduces resolution and quality of the created map, critical signals may be overlooked. The use 344 
of a multipolar catheter for mapping of the ventricle solves the above-mentioned issues: 345 
several mapping points can be taken simultaneously; procedure time decreases. The narrow-346 
spaced electrodes guarantee a very high resolution of the map, important signals are not so 347 
easily missed anymore. 348 
 349 
Currently, there are 3 different 3D mapping systems available, all of them allowing the use of 350 
multipolar mapping catheters.  351 
 352 
So far, one of them using a magnetic field is widely used, especially in VT ablation, due to its 353 
user-friendly handling and highly accurate electroanatomical reconstruction. A suitable 354 
mapping catheter, a 20-pole steerable catheter with narrow electrode spacing, can access 355 
even difficult anatomies due to its special configuration (star shape) and provides precise high 356 
density maps10. 357 
 358 
 A relatively new 3D mapping system also allows a very quick and precise acquisition of 359 
multiple mapping points by means of a 64-electrode mapping catheter with a basket 360 
shape11,12. 361 
 362 
The 3D mapping system used in the protocol (see Table of Materials) combines impedance 363 
and magnetic field technology and thus allows precise navigation and accurate tracking of 364 
mapping and ablation catheters, either conventional or sensor enabled. The created 365 
electroanatomical maps are highly accurate and don´t need further postprocessing compared 366 
with former versions of the mapping system. A huge advantage for accurate mapping is the 367 
morphology matching feature, which allows continuous comparison of QRS morphologies 368 
during map acquisition. The suitable 20-pole mapping catheter (see Table of Materials allows 369 
the acquisition of multiple points simultaneously and makes possible high resolution and the 370 
detection of even small critical signals due to its narrow electrode spacing (2-2-2). 371 
 372 
To further improve the quality of the map and identify critical potentials, we changed the low 373 
voltage range from 0.5-1.5 mV to 0.2-1.5 mV (to identify viable and conducting tissue inside 374 
the scar). Interestingly, most late potentials were detected in viable zones within the scar (see 375 
Figures 1 and 2). 376 
 377 
By pacing from the catheter in the right ventricle, late potentials could clearly be separated 378 
from the first ventricular activation (see Figure 4). 379 
 380 
Despite the steerability of the 20-pole mapping catheter, we could not access all regions of 381 
the left ventricle. Those sites had to be addressed with the ablation catheter, which also has 382 
close electrode spacing (2-2-2), as well as a pressor sensor to guarantee adequate wall contact. 383 
 384 



Despite all the above-mentioned advantages, the more sophisticated a method gets, the more 385 
prone it is to disturbances. Catheter noise can occur and make the interpretation of signals 386 
very difficult. Artifacts can simulate electrically interesting potentials and misguide the 387 
investigator. Multipolar catheters require more cables that can be damaged, the connection 388 
can be disturbed, troubleshooting costs time.  389 
 390 
Despite those disadvantages, multipolar catheters, if used correctly and by experienced 391 
investigators, are very useful for complex electrophysiological procedures and have a large 392 
potential in the future. Reduction of procedure time helps to prevent adverse events in these 393 
often very ill patients. The additional electrical information provided has to be interpreted 394 
carefully and along with other parameters available. 395 
 396 
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Name of Material/ Equipment Company

NaVX EnSite Precision 3 D cardiac mapping system Saint Jude Medical

EnSite Precision Surface Electrode Kit St. Jude Medical

Ampere RF Ablation generator St. Jude Medical

EP-4, Cardiac Stimulator St. Jude Medical

LabSystem PRO EP recording system, v2.4a Boston Scientific

octapolar diagnostic catheter, EP-XT Bard

supreme quadripolar diagnostic catheter St. Jude Medical

Agilis NxT 8.5F, 71/91 cm steerable sheath, large curl St. Jude Medical

BRK transseptal needle, 98 cm St. Jude Medical

livewire duodecapolar diagnostic catheter St. Jude Medical

quadripolar irrigated tip ablation catheter, TactiCath SE St. Jude Medical

Cool Point pump for irrigated ablation St. Jude Medical

Cool Point tubing set St. Jude Medical

GEM PCL Plus Instrumentation laboratory IL Werfen India Pvt. Ltd.

X-ray equipment Philips

Heartstart XL defibrillator and associated patches Philips

12 F Fast-Cath sheath St. Jude Medical

Avanti + 6 F sheath Johnson-Johnson

Avanti + 5 F sheath Johnson-Johnson

BD Arterial Cannula Becton Dickinson

Isozid®-H gefärbt Novartis

Materials Table Click here to download Materials Table JoVE_Materials revision
2.xlsx

http://www.editorialmanager.com/jove/download.aspx?id=775053&guid=535f08ef-8648-45d9-915b-0fb83c315ded&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=775053&guid=535f08ef-8648-45d9-915b-0fb83c315ded&scheme=1


Catalog Number Comments/Description

EN0020-P

H700494

EP-4I-4-110

200797 electrode spacing 2-10-2

401441 electrode spacing 5-5-5

G408324

407206

401908 electrode spacing 2-2-2

A-TCSE-F electrode spacing 2-2-2 with pressure sensor

IBI-89003

85785

 activated clotting time measurement device

861266

406128

504-606X

504-605X

682245



ARTICLE AND VIDEO LICENSE AGREEMENT 

Title of Article: 

Author(s):  

Item 1 (check one box): The Author elects to have the Materials be made available (as described at 

http://www.jove.com/author) via:      Standard Access       Open Access 

Item 2 (check one box): 

 The Author is NOT a United States government employee. 

 The Author is a United States government employee and the Materials were prepared in the 
course of his or her duties as a United States government employee. 

 The Author is a United States government employee but the Materials were NOT prepared in the 
course of his or her duties as a United States government employee. 

ARTICLE AND VIDEO LICENSE AGREEMENT 

1. Defined Terms.  As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries 
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non Commercial-No Derivs 3.0 Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE”
means MyJove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties” 
means the Author and JoVE; “Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.

2. Background.  The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article.  In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article.  In consideration of JoVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c) to license others to do any or all of the above.  The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats.  If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.
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4. Retention of Rights in Article.  Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE’s copyright in the Article is
included.  All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video – Standard Access.  This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above.  In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video.  To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE. 

6. Grant of Rights in Video – Open Access.  This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above.  In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above.  The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and 
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees.  If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such

statute.  In such case, all provisions contained herein that are 
not in conflict with such statute shall remain in full force and 
effect, and all provisions contained herein that do so conflict 
shall be deemed to be amended so as to provide to JoVE the 
maximum rights permissible within such statute. 

8. Likeness, Privacy, Personality.  The Author hereby grants
JoVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties.  The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials.  If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party.  The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion.  If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution.  If more than one
author is listed at the beginning of this Agreement, JoVE may, 
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author.  JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE.  JoVE and its
employees, agents and independent contractors shall have
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full, unfettered access to the facilities of the Author or of the 
Author’s institution as necessary to make the Video, whether 
actually published or not.  JoVE has sole discretion as to the 
method of making and publishing the Materials, including, 
without limitation, to all decisions regarding editing, lighting, 
filming, timing of publication, if any, length, quality, content 
and the like. 
 
11.  Indemnification.  The Author agrees to indemnify JoVE 
and/or its successors and assigns from and against any and all 
claims, costs, and expenses, including attorney’s fees, arising 
out of any breach of any warranty or other representations 
contained herein.  The Author further agrees to indemnify and 
hold harmless JoVE from and against any and all claims, costs, 
and expenses, including attorney’s fees, resulting from the 
breach by the Author of any representation or warranty 
contained herein or from allegations or instances of violation 
of intellectual property rights, damage to the Author’s or the 
Author’s institution’s facilities, fraud, libel, defamation, 
research, equipment, experiments, property damage, personal 
injury, violations of institutional, laboratory, hospital, ethical, 
human and animal treatment, privacy or other rules, 
regulations, laws, procedures or guidelines, liabilities and 
other losses or damages related in any way to the submission 
of work to JoVE, making of videos by JoVE, or publication in 
JoVE or elsewhere by JoVE.  The Author shall be responsible 
for, and shall hold JoVE harmless from, damages caused by 
lack of sterilization, lack of cleanliness or by contamination 
due to the making of a video by JoVE its employees, agents or 
independent contractors.  All sterilization, cleanliness or 
decontamination procedures shall be solely the responsibility 
of the Author and shall be undertaken at the Author’s 

expense.  All indemnifications provided herein shall include 
JoVE’s attorney’s fees and costs related to said losses or 
damages.  Such indemnification and holding harmless shall 
include such losses or damages incurred by, or in connection 
with, acts or omissions of JoVE, its employees, agents or 
independent contractors. 
 
12.  Fees.  To cover the cost incurred for publication, JoVE 
must receive payment before production and publication the 
Materials. Payment is due in 21 days of invoice. Should the 
Materials not be published due to an editorial or production 
decision, these funds will be returned to the Author. 
Withdrawal by the Author of any submitted Materials after 
final peer review approval will result in a US$1,200 fee to 
cover pre-production expenses incurred by JoVE.  If payment is 
not received by the completion of filming, production and 
publication of the Materials will be suspended until payment is 
received. 
 
13.  Transfer, Governing Law.  This Agreement may be 
assigned by JoVE and shall inure to the benefits of any of 
JoVE’s successors and assignees.  This Agreement shall be 
governed and construed by the internal laws of the 
Commonwealth of Massachusetts without giving effect to any 
conflict of law provision thereunder.  This Agreement may be 
executed in counterparts, each of which shall be deemed an 
original, but all of which together shall be deemed to me one 
and the same agreement.  A signed copy of this Agreement 
delivered by facsimile, e-mail or other means of electronic 
transmission shall be deemed to have the same legal effect as 
delivery of an original signed copy of this Agreement.   
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Response to Editorial comments: 

 

 
The authors like to thank the editor for the helpful comments. Please find the responses to the 
editorial comments in italic. 
 
 
1. The editor has formatted the manuscript as per the journal's style please retain the same. 

 
2. Please upload the explicit copyright permission to reuse any figures from a previous publication. 
Explicit permission can be expressed in the form of a letter from the editor or a link to the editorial 
policy that allows re-prints. Please upload this information as a .doc or .docx file to your Editorial 
Manager account. The Figure must be cited appropriately in the Figure Legend, i.e. “This figure has 
been modified from [citation].” We cannot proceed to finalizations without this. 

 
Written copyright permission from St. Jude Medical (Abbott) uploaded. 
 
3. There is no upper limit to the number of figures which can be uploaded. Please ensure that all 
figure numbers are correct. For e.g. the manuscript discusses Figure 7 in the discussion, however, 

there is no figure 7 in the figures uploaded. 
 

Figure number changed (now figure 4). 
 
4. Since step 5.1 was highlighted I have highlighted the specifics of this from 5.1.1- 5.1.6. Please 
check. 
 
Checked. 
 

5. Please ensure that the highlight is no more than 2.75 pages including the heading and spacing 
which is a hard cut limit for filming. Please combine few small steps to adjust the same. Presently it 
is more than the required limit. This is important for filming. 
 
Highlighting was reduced. 
 

6. Please remove the yellow shadow from the lines and numbers and use yellow highlight for 
filming steps. 

 
Shadow removed. 
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