
Journal of Visualized Experiments
 

Piezo-ICSI for Human Oocytes
--Manuscript Draft--

 
Article Type: Invited Methods Article - JoVE Produced Video

Manuscript Number: JoVE60224R2

Full Title: Piezo-ICSI for Human Oocytes

Corresponding Author: Kenichiro Hiraoka

JAPAN

Corresponding Author's Institution:

Corresponding Author E-Mail: ken.msn.hiraoka@gmail.com

Order of Authors: Kenichiro Hiraoka

Manami Isuge

Yuko Kamada

Tetsuya Kaji

Takako Suhara

Akira Kuga

Kumi Ohuchi

Masaru Hayashi

Kiyotaka Kawai

Additional Information:

Question Response

Please indicate whether this article will be
Standard Access or Open Access.

Open Access (US$4,200)

Please indicate the city, state/province,
and country where this article will be
filmed. Please do not use abbreviations.

Chiba-city, Japan

Please specify the section of the
submitted manuscript.

Biology

Please indicate whether this article will be
Standard Access or Open Access.

Open Access ($3900)

Please confirm that you have read and
agree to the terms and conditions of the
author license agreement that applies
below:

I agree to the Author License Agreement

Please provide any comments to the
journal here.

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation

https://www.jove.com/files/Author_License_Agreement.pdf


TITLE: 1 

Piezo-ICSI for Human Oocytes 2 

 3 

AUTHORS AND AFFILIATIONS: 4 

Kenichiro Hiraoka1,2,3*, Manami Isuge1, Yuko Kamada1, Tetsuya Kaji1, Takako Suhara1, Akira 5 

Kuga2, Kumi Ohuchi1, Masaru Hayashi1, Kiyotaka Kawai1,2,3 6 

 7 

1Kameda Medical Center, Chiba, Japan 8 

2Kameda IVF Clinic Makuhari, Chiba, Japan 9 

3Tokyo Medical and Dental University, Tokyo, Japan 10 

 11 

Corresponding Author: 12 

Kenichiro Hiraoka (ken.msn.hiraoka@gmail.com) 13 

 14 

Email Addresses of Co-authors: 15 

Manami Isuge (isuge.manami@kameda.jp) 16 

Yuko Kamada (kamada.yuko@kameda.jp) 17 

Tetsuya Kaji (kaji.tetsuya@kameda.jp) 18 

Takako Suhara (suhara.takako@kameda.jp) 19 

Akira Kuga (kuga.akira@kameda.jp) 20 

Kumi Ohuchi (ohuchi.kumi@kameda.jp) 21 

Masaru Hayashi (hayashi.masaru@kameda.jp) 22 

Kiyotaka Kawai (kawai.kiyotaka@kameda.jp) 23 

 24 

KEYWORDS: 25 

assisted reproductive technology, fertilization, intracytoplasmic sperm injection, human, 26 

oocyte, piezo 27 

 28 

SUMMARY: 29 

Here, we describe a protocol for intracytoplasmic sperm injection into human oocytes using 30 

a piezo-driven micropipette. 31 

 32 

ABSTRACT: 33 

Since the first successful pregnancies achieved by intracytoplasmic sperm injection (ICSI) were 34 

reported, ICSI has become an essential technique in assisted reproductive technology (ART). 35 

ICSI uses micropipettes with a spiking tip to penetrate the zona pellucida and membrane. 36 

Then, the cytoplasm is usually aspirated into the micropipette for membrane breakage 37 

(conventional-ICSI). The survival and fertilization rates of mouse oocytes after conventional-38 
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ICSI were as low as 16% and 8%, respectively. Kimura and Yanagimachi applied a piezo drive 39 

unit, mercury, and a micropipette with a flat tip for mouse ICSI. The membrane breakage 40 

could be performed semi-automatically by combining these types of equipment without 41 

cytoplasmic aspiration into the micropipette (piezo-ICSI). These authors reported significantly 42 

higher survival and fertilization rates (80% and 78%) compared to those of conventional-ICSI 43 

(16% and 8%). Therefore, the piezo-ICSI may be effective not only for mouse oocytes but also 44 

for human oocyte ICSI. However, only five papers are available that assessed the effectiveness 45 

of piezo-ICSI compared to conventional-ICSI for human oocytes. All of these five papers 46 

reported significantly higher fertilization rates compared to those of piezo-ICSI. The goal of 47 

the piezo-ICSI protocol described here is to improve the clinical results of ICSI compared to 48 

the conventional-ICSI. 49 

 50 

INTRODUCTION: 51 

Since Dr. Palermo reported the first successful pregnancies achieved by intracytoplasmic 52 

sperm injection (ICSI)1, ICSI has become an essential technique in assisted reproductive 53 

technology (ART). ICSI uses micropipettes with a spiking tip to penetrate the zona pellucida 54 

and membrane. Then, the cytoplasm is usually aspirated into the micropipette for membrane 55 

breakage (conventional-ICSI). The survival and fertilization rates of mouse oocytes after 56 

conventional-ICSI were as low as 16% and 8%, respectively2. Kimura and Yanagimachi applied 57 

a piezo drive unit, mercury, and a micropipette with a flat tip for mouse ICSI2. The membrane 58 

breakage could be performed semi-automatically by combining these types of equipment 59 

(Piezo-ICSI). These authors reported significantly higher survival and fertilization rates (80% 60 

and 78%) of piezo-ICSI compared to those of Conventional-ICSI (16% and 8%)2. One of the 61 

reasons for the better results obtained in the piezo-ICSI may be the process of membrane 62 

breakage. The piezo-ICSI can stably and semi-automatically break the membrane without 63 

cytoplasm aspiration into the micropipette. These results suggested that the cytoplasmic 64 

aspiration into the micropipette during membrane breakage is invasive for mouse oocytes. 65 

Therefore, the piezo-ICSI may be effective not only for mouse oocytes but also for human 66 

oocyte ICSI. 67 

 68 

However, only five available papers have assessed the effectiveness of piezo-ICSI as compared 69 

to conventional-ICSI for human oocytes. All five of these papers reported significantly higher 70 

fertilization rates with piezo-ICSI compared to fertilization rates with conventional-ICSI3-7 71 

(Table 1). Therefore, the piezo-ICSI may improve the survival and fertilization rates compared 72 

to conventional-ICSI. The goal of the piezo-ICSI protocol described here is to improve the 73 

clinical results of ICSI compared to conventional-ICSI. 74 

 75 

PROTOCOL: 76 



 77 

The protocol of piezo-ICSI described below follows the guidelines of the human research 78 

ethics committee at Kameda Medical Center. 79 

 80 

1. Equipment and preparation 81 

 82 

1.1. Use a piezo-ICSI system composed of a drive unit, an operation box, a footswitch, 83 

and a controller. Use any type of inverted microscope or three-axis micromanipulator. Attach 84 

the piezo drive unit to the micropipette holder, and place the footswitch on the floor. Set the 85 

INTENSITY level to 2 and the SPEED level to 1 on the operation box. 86 

 87 

1.2. Use a commercially available piezo-ICSI micropipette with a flat tip. Fill a 88 

micropipette with the operation liquid (fluorocarbon-based fluid) to a length of 20 mm. Avoid 89 

mixing any air bubbles in the operation liquid. Aspirate any air bubbles or excess operation 90 

liquid towards the back of the pipette with the liquid filling device. 91 

 92 

1.3. Install the micropipette into the injection micropipette holder. If the injection 93 

micropipette holder has a silicon tube, insert the head of the pipette about 5 mm into the 94 

silicon tube. Tighten the holder cap and firmly fix the micropipette. 95 

 96 

1.4. Attach the drive unit to the manipulator and fix firmly to avoid any rotation caused 97 

by its weight. 98 

 99 

1.5. Position the micropipette in the microscope field. Operate the injector and push the 100 

operation liquid to the head of the micropipette so that any air inside the head of the pipette 101 

is pressed out. Confirm that there is no air left inside the head of the pipette with the naked 102 

eye rather than with a microscope. 103 

 104 

1.6. Prepare the ICSI dish on the glass-bottom dish as shown in Figure 1. Prepare two 105 

microdroplets of 7% polyvinylpyrrolidone solution (PVP): the smaller microdroplet is for the 106 

preparation of micropipette (5 μL) and the other one is for sperm selection (10 μL). Prepare 107 

another droplet made in the center of the glass bottom dish from the buffered medium; this 108 

microdroplet is for the oocyte and is used for sperm injection (8 μL). 109 

 110 

1.7. Insert the head of the micropipette into a 7% PVP droplet and coat the inner wall of 111 

the micropipette. Operate the injector vigorously, moving it along the interfacial boundary 112 

between the operation liquid and the PVP. Rinse the inside of the micropipette with PVP 113 

about 800 µm from the head of the pipette.  114 



 115 

1.7.1. Repeat this procedure (~3 or 4 times) until the interfacial boundary slides smoothly. 116 

 117 

2. Sperm immobilization 118 

 119 

2.1. Set the INTENSITY level to 2 and the SPEED level to 1 on the operation box. Apply the 120 

piezo pulse from the drive unit attached to the micropipette holder when the footswitch is 121 

turned on. When applying the piezo pulse during the procedure, the "Piezo pulse" icon 122 

appears on the upper right of the video. 123 

 124 

2.2. Collect the motile sperm by using a density gradient and hold the collected motile 125 

sperm into the buffered medium. Aspirate the buffered medium holding the collected motile 126 

sperm about 2-3 μL by using a pipette. Then inject this medium into the lower side of the 7% 127 

PVP microdroplet. Select the sperm under 400x magnification. 128 

 129 

2.2.1. Attach the micropipette tip to the tail of the selected sperm and then drive the piezo 130 

drive unit. Typically, repeat the driving thrice for one sperm immobilization. After the sperm 131 

immobilization, aspirate the sperm into the micropipette tail first. 132 

 133 

3. Piezo-ICSI operation (an oocyte with a high-stretching ability membrane) 134 

 135 

3.1. Keep the sperm’s head at a position about one full length sperm back from the head 136 

of the micropipette. While driving the piezo drive unit (about 5 times per one oocyte), 137 

advance the micropipette to carry out the puncture without deformation of the zona 138 

pellucida. When the micropipette tip reaches the inner layer of the zona pellucida and then 139 

the hollowed-out piece of the zona pellucida is completely aspirated into the micropipette, 140 

puncture of the zona pellucida is completed. 141 

 142 

3.2. Remove the hollowed-out piece of the zona pellucida inside the micropipette and at 143 

the same time move the sperm to the head of the micropipette. Push the micropipette in and 144 

stretch the cytoplasmic membrane until about 90% of the oocyte diameter.  145 

 146 

3.3. When it is sufficiently stretched, start up the piezo drive one time to rupture the 147 

membrane. Membrane breakage is completed when it is confirmed that the membrane has 148 

rebounded.  149 

 150 

3.4. After membrane breakage, inject the sperm’s head into the oocyte. After the sperm’s 151 

head is surely injected into the cytoplasm, pay attention not to add unnecessary liquid. 152 



 153 

4. Piezo-ICSI operation (an oocyte with a low-stretching ability membrane) 154 

 155 

NOTE: We explain how to deal with an oocyte with a low-stretching ability membrane which 156 

may spontaneously get ruptured during the stretching.  157 

 158 

4.1. Perform the same action as the oocyte with a high-stretching ability membrane up 159 

to the point of stretching the cytoplasmic membrane.  160 

 161 

4.2. If the membrane is spontaneously ruptured during the action, inject the sperm’s 162 

head from the position of the micropipette without pushing it further forward to avoid the 163 

degeneration of oocytes after sperm injection.  164 

 165 

4.3. After the sperm’s head is surely injected into the cytoplasm, pay attention not to add 166 

unnecessary liquid. 167 

 168 

REPRESENTATIVE RESULTS: 169 

The conventional-ICSI and piezo-ICSI described above were performed on 10,488 mature 170 

oocytes (1,744 cycles) by 4 embryologists. Of these, 3,522 oocytes (587 cycles) were 171 

inseminated by conventional-ICSI between January 2013 and September 2016 and 6,966 172 

oocytes (1,157 cycles) were inseminated by piezo-ICSI between October 2016 and December 173 

2020 at Kameda Medical Center. Table 1 shows the average age of the women, the fertilization 174 

rates, the survival rates, the degeneration rates, the day-5 blastocyst rates, and the average 175 

number of cryopreserved blastocysts per cycles of conventional-ICSI and piezo-ICSI. Although 176 

the average women's age of piezo-ICSI was higher as compared to that of conventional-ICSI, 177 

the rates of fertilization, survival, and blastocyst and the average number of cryopreserved 178 

blastocysts per cycles of piezo-ICSI were significantly higher as compared to those of 179 

conventional-ICSI (Table 2). 180 

 181 

Figure 1: ICSI dish used for Piezo-ICSI. The layout of the microdroplets is described here. 182 

 183 

Table 1: Comparison of fertilization rates between conventional-ICSI and piezo-ICSI. In all 184 

reports, significantly higher fertilization rates were observed in the piezo-ICSI as compared to 185 

those of the conventional-ICSI. 186 

 187 

Table 2: Clinical results of Kameda Medical Center comparing the efficacy of piezo-ICSI and 188 

conventional-ICSI. In all comparison items, significantly better results were observed in the 189 

piezo-ICSI as compared to those of the conventional-ICSI. 190 



 191 

Discussion: 192 

The results demonstrated that the fertilization rates, the survival rates, the day-5 blastocyst 193 

rates, and the average number of cryopreserved blastocysts of the piezo-ICSI were 194 

significantly higher compared to those of conventional-ICSI. 195 

 196 

There are 2 critical steps in the piezo-ICSI protocol. The first step is to firmly twist the holder 197 

cap of the pipette holder. The second step is to maintain the aspirated PVP volume into the 198 

micropipette less than 300 micrometers. Loosely twisting the holder cap of the micropipette 199 

holder and aspiration of PVP into the micropipette more than 300 micrometers (one full 200 

length of sperm is about 60 micrometers) cause difficulties in the sperm immobilization, zona 201 

opening, and membrane breakage because of the decreasing piezo power. In particular, we 202 

always have to pay attention to the aspirated PVP volume into the micropipette during the 203 

procedure. This is the limitation of the piezo-ICSI. 204 

 205 

It is essential to place a small amount of heavy liquid as an operation liquid inside the 206 

micropipette to create the piezo power. In the previous reports, mercury was used as an 207 

operation liquid2-4. However, a fluorocarbon-based fluid can be used instead of mercury for 208 

safe used instead5-9,11. The fluorocarbon-based liquid has a specific gravity of 1.8, and is 209 

colorless, transparent, and non-water soluble. The operation liquid has direct contact with the 210 

PVP holding the sperm. The exposure of the PVP to the operation liquid may have some 211 

negative effects on the sperm or oocyte. However, the rates of fertilization, survival, day-5 212 

blastocyst of piezo-ICSI were significantly higher as compared to those of conventional-ICSI in 213 

the present study. We believe the risk from the direct contact between the operation liquid 214 

and the PVP is quite low. 215 

 216 

We previously measured the time of the micropipette preparation with an oil injector and an 217 

air injector. The average times for micropipette preparation of the oil injector and the air 218 

injector were 233 and 106 seconds, respectively (P < 0.05)8. The micropipette preparation 219 

time with the air injector is lower because it is oil-free. The presence of the oil extends the 220 

micropipette preparation time because of its stickiness. If air bubbles get mixed in the oil area 221 

inside the micropipette after inserting the micropipette into the pipette holder, the pipette 222 

must be discarded because the piezo-ICSI will not work. We also counted the number of 223 

wasted micropipettes during micropipette preparation. The average number of wasted 224 

micropipettes per patient for the oil injector and air injector was 0.28 ± 0.56 and 0 ± 0 (P < 225 

0.05), respectively8. However, there was no significant difference between the oil and air 226 

injectors in the rates of survival (99% and 99%), fertilization (89% and 90%), and good quality 227 

day-3 embryos (61% and 61%) after piezo-ICSI8. We wasted an extra 3.2 hours and 25 228 



micropipettes in the oil injector group (90 patients) compared to the air injector group (90 229 

patients) during the study8. The results indicate that using an air injector instead of an oil 230 

injector is a good modification of piezo-ICSI. 231 

 232 

The piezo-ICSI can break the membrane semi-automatically without cytoplasmic aspiration 233 

into the micropipette. This membrane breakage procedure is stable and easy. The Piezo-ICSI 234 

could also contribute to decreasing the ICSI training period. We previously assessed the effect 235 

of the piezo-ICSI on the rates of survival, fertilization, blastocyst for a young embryologist. The 236 

young embryologist received piezo-ICSI practice 30 times before starting the clinical ICSI 237 

treatment. We compared the survival, fertilization, blastocyst rates of young and senior 238 

embryologists for their 1st 100 oocytes. The survival, fertilization, blastocyst rates of the 239 

young and senior embryologists were 100% and 97%, 87% and 91%, 47%, and 57%, 240 

respectively9. There was no significant difference between the young and the senior 241 

embryologists in all comparison items. These results indicated that the piezo-ICSI has 242 

significance in the membrane breakage procedure that can contribute to shortening the ICSI 243 

training period of a young embryologist. 244 

 245 

Some investigators reported the clinical efficiency of intracytoplasmic morphologically 246 

selected sperm injection (IMSI). Setti et al. compared the clinical outcomes between ICSI and 247 

IMSI in a meta-analysis study10. There was no significant difference in the fertilization rates 248 

between the ICSI and IMSI groups10. However, the top-quality embryo rate of the IMSI 249 

group was significantly higher compared to that of the ICSI group10. To the best of our 250 

knowledge, no study has examined the impact of IMSI combined with Piezo-ICSI on 251 

fertilization and embryo development. We retrospectively investigated the effects of sperm 252 

selection magnification (400x vs. 1,200x) on fertilization and embryo development in Piezo-253 

ICSI. The fertilization rate of the 1,200x group (92%) was significantly higher as compared to 254 

that of the 400x group (77%) (P = 0.0002)11. The good quality day-3 embryo rate of the 1,200x 255 

group (64%) was significantly higher as compared to that of the 400x group (46%) (P = 256 

0.0021)11. We tried to select the sperm without vacuoles in the sperm's head under 1,200x 257 

magnification. This procedure might select the sperm with a lower degree of sperm DNA 258 

fragmentation12. Therefore, the IMSI may be a new application of piezo-ICSI. 259 

 260 

Here, we described a protocol for piezo-ICSI that can improve ICSI outcomes without 261 

missing viable oocytes in human ART. 262 

 263 
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Study Conventional-ICSI Piezo-ICSI

Yanagida et al. (1999) 66%a 79%b

Takeuchi et al. (2001) 83%a 90%b

Hiraoka et al. (2015) 68%a 89%b

Furuhashi et al. (2019) 64%a 75%b

Fujii et al. (2020) 71%a 84%b

ab<0.05 in the same line
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Piezo-ICSI Conventional-ICSI

Average age of women 39.2 ± 0.2 38.6 ± 0.2

No. of cycles 1,157 587

No. of oocytes 6,966 3,522

No. of fertilization (%) 5,411 (77.7) 2,352 (66.8)

No. of survival (%) 6,767 (97.1) 3,303 (93.8)

No. of degeneration (%) 199 (2.9) 219 (6.2)

No. of blastocyst (%) 2,787 (51.5) 915 (38.9)

Average no. of

cryopreserved blastocysts

per cycles

5.1 ± 0.2 3.8 ± 0.2
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P

<0.05

-

-

<0.01

<0.01

<0.01

<0.01

<0.01



Name of Material/Equipment Company Catalog Number

Air injector NARISHIGE CORPORATION IM-12

Piezo drive unit PRIME TECH Ltd. PMM4GD

Micropipette PRIME TECH Ltd. PINU06-20FT
Operation liquid 3M 3M™ Noveck™

PVP 7% Ready-to-Use solution Cooper Surgical Inc. ART-4005-A

Buffered medium Vitrolife G-MOPS PLUS

Glass Bottom Dish NIPRO 87-453

Inverted microscope OLYMPUS CRPORATION IX-73
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Comments/Description



Editorial comments 

1. Line 45-47: Six papers or five papers? 

Correspondence: This is five papers. I’m sorry for the confusion (Line 45-47). 

 

2. Line 69-71: Six papers or five papers? 

Correspondence: This is five papers. I’m sorry for the confusion (Line 69-71). 

 

3. Line 105-106: What volume is used here? 

Correspondence: I added the information on the volume of each microdroplet (Line 

107). I also added this information in Figure 1. 

 

4. Line 107-108: What volume is used here? 

Correspondence: I added the information on the volume of each microdroplet (Line 

109). I also added this information in Figure 1. 

 

5. Line 121-122: What settings are used on the device? 

Correspondence: I added the information on the settings of the device (Line 121). 

 

6. Line 125-126: How is this done? Please provide more details here. 

Correspondence: I added the information on the sperm injection into the PVP 

microdroplet (Line 126-129). I also included this procedure in Video 2. 

 

7. Line 195-201: Are these videos for the filming? 

Correspondence: Yes, these videos for the filming. 
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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. Protection of the Work. The Author(s) authorize 
JoVE to take steps in the Author(s) name and on their behalf 
if JoVE believes some third party could be infringing or 
might infringe the copyright of either the Author’s Article 
and/or Video. 
9. 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. 
10. 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. 
11. 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 
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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 
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.  
12. 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. 
13. Fees. To cover the cost incurred for publication, 
JoVE must receive payment before production and 
publication of 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. 
14. 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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