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34
35  ABSTRACT:
36 In the aging male population, the occurrence of lower urinary tract symptoms (LUTS) caused by
37  benign prostatic hyperplasia (BPH) is a common problem. Here, we introduce a new technique
38 called 980 nm diode laser enucleation (DILEP) to treat BPH?. Diode lasers can absorb both water
39  and hemoglobin at the same time, so they are good for cutting and hemostasis?. The diode laser
40 was approved by the FDA in 2007, and has been used in the treatment of BPH because of its
41  effective cutting and hemostasis effect®. DILEP presents several advantages over other
42  techniques, such as TURP, HoLEP, and PVP. During the procedure, we define the boundary of a
43  high-volume prostate and separate it into three lobes with a diode laser by burning two rings and
44  one groove (like a Cupid’s arrow). Compared to other procedures, mDIiLEP has fewer
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intraoperative complications, a shorter learning curve, and achieves more tissue resection.

INTRODUCTION:

Compared with traditional transurethral resection of the prostate (TURP), laser surgeries have
gradually become more popular due to their better patient tolerance, lower amounts of
intraoperative blood loss, efficacy, and shorter postoperative recovery*>.

In recent years, the fastest growing techniques have involved the use of lasers of various
wavelengths. At present, many types of lasers with different characteristics can be used to
complete prostate enucleation. Since the diode laser was approved by the US FDA for prostatic
hyperplasia in 2007, its use has gradually increased in the treatment of BPH because of its
outstanding cutting ability and hemostasis effect®. The laser wavelength determines the degree
of absorption by water and hemoglobin. A diode laser with a wavelength of 980 nm provides the
highest combined absorption rate of water and hemoglobin. The tissue penetration ability is 0.5
mm, and it can produce coagulation effects in deeper tissue, which makes it have a very good
tissue ablation and hemostasis ability”2.

Many research centers have begun to use DILEP for the treatment of benign prostatic
hyperplasia. In practice, traditional DILEP has a longer learning curve and presents no obvious
advantages related to urinary sphincter protection®. Based on the above reasons, traditional
DiLEP was modified in our center to improve the value of diode laser treatment in patients with
BPH.

PROTOCOL:

All methods described here have been approved by ethics committee of Beijing Hospital.
Indications for surgery are according to the European Association of Urology guidelines for
nonneurogenic male LUTS. Contraindications include suspected prostate cancer or detrusor
dysfunction.

1. Instruments for operation

1.1. Ensure the availability of diode laser (980 nm) equipment with a power including continuous
mode (80-100 W).

1.2. Employ a laser fiber and 0.9% saline solution for intraoperative bladder irrigation.
1.3. Use a 26 F laser resectoscope to acquire good visualization and enhance efficiency.
2. Preparation for operation

2.1. Perform skin preparation on the day of the operation.

2.2. Provide an intravenous antibiotic preoperatively to all patients®.
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NOTE: Cefuroxime sodium (1.5 g in 100 mL of 0.9% sodium chloride) is provided 30 min before
the operation.

2.3. Before anesthesia, make the patient lay down on the operating table.

NOTE: General anesthesia is effective and appropriate for this operation. The anesthetists should
determine the mode of anesthesia depending on the patient's general condition.

2.4. Drape the patient in a sterile fashion in the dorsal lithotomy position.
3. Procedure steps
3.1. Observation

3.1.1. Directly observe the urethra, verumontanum, bladder neck, ureteral orifices, bladder
mucosa, and trabecular hyperplasia by resectoscope (15-30°).

3.2. Design the range of enucleation (Cupid's arrow).

3.2.1. Circularly incise (depth to gland, width about 3—4 mm) the bladder neck mucosa with a
laser (Figure 1).

3.2.2. Circularly incise (depth to gland, width about 3—4 mm) the prostatic urethra mucosa at the
proximal end of the verumontanum with a laser (Figure 2).

NOTE: Confirm anatomical mark before incision in order to avoid injury of the bladder neck
mucosa and sphincter urethrae. Use a laser power of 80—100 W during the operation except for

hemostasis.

3.2.3. Connect the concentric circles of the bladder neck and the apex of the prostate in the
posterior urethra at a 12 o'clock position.

3.2.4. Incise the left lobe and right lobe with the laser (Figure 3).

NOTE: Once the 12 o'clock position of the posterior urethra is pre-incised, retain the distal
mucosa. The concentric circles formed at the neck of the bladder and the apex of the prostate
are called Cupid's arrows.

3.3. Making a channel

3.3.1. Find the surgical capsule at the 5 and 7 o’clock positions of the apex of the prostate.

3.3.2. Find the surgical capsule at the 5 and 7 o’clock surgical capsule positions.
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3.3.3. Connect the 5 and 7 o’clock surgical capsule positions with a laser (Figure 4).

3.3.2. At the 6 o’clock position of the apex of the prostate, separate the median lobe from the
surgical capsule from the apex of the prostate to the bladder neck with a laser (Figure 5).

NOTE: If the volume of the prostate is >80 mL, the median and lateral lobes will be completely
separated at the 5 and 7 o’clock positions of the apex of the prostate.

3.4. Enucleation of the left and right lobes

3.4.1. In a counterclockwise direction, enucleate the right lobe at 6 and 12 o'clock from the apex
of the prostate to the bladder neck with a resectoscope (Figure 6).

3.4.2. In a clockwise direction, enucleate the left lobe at 6 and 12 o'clock from the apex of the
prostate to the bladder neck (Figure 7).

3.4.3. Push all the glands into the bladder after enucleation.

NOTE: If the volume of the prostate is >80 mL, enucleate the median and lateral lobes in the
proper sequence; then, push into the bladder.

3.5. Hemostasis

3.5.1. Use a lower laser power (50 W) to stop bleeding around the surgical site. Maintain an
appropriate distance (i.e., 1-3 mm).

3.6. Morcellate the prostate tissue.

3.6.1. Morcellate the enucleated prostatic tissue into small pieces (as small as possible) with a
morcellator and then remove the tissue from the bladder (Figure 8).

3.7. Catheterization
3.7.1. Remove the morcellator from the urethra.

3.7.2. Gently place a 22 F Foley catheter through the urethral orifice into the bladder cavity with
30 mL of water in the balloon after sufficiently lubricating the urethra with lidocaine gel.

3.8. Postoperative carel®
3.8.1. Let the patient lay down on the bed for approximately 3 h postoperatively in the care unit

until they completely wake up from anesthesia. Make sure that patient monitors and medical
oxygen are available during this time.
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3.8.2. Once the patient has completely woken up, return the patient to the ward. Let the patient
begin to drink some water and eat some food. Record any urine output and pay attention to the
color of the urine.

REPRESENTATIVE RESULTS:

A total of 40 patients with BPH who underwent DiLEP were included in one of our studies. An
independent sample t-test was used as the statistical method. All patients successfully completed
the operation. Almost all of the patients had the catheter removed within 5 days postoperative
(Table 1). All patients returned to the hospital for follow-up examinations in the 1%, 3", and 12t
months postoperatively. The International Prostate Symptom Score (IPSS)!! and Quality of Life
(Qol)? tools were used to screen for, rapidly diagnose, track the symptoms of, and guide the
management of BPH. These can also be used to evaluate the efficacy of the BPH treatment.
Compared to the baseline values, the International Prostate Symptom Score (IPSS) significantly
decreased to 38.15%, 31.92%, and 18.70% at 1, 3, and 12 months postoperatively, respectively
(all p<0.001), and the QoL significantly decreased to 57.89%, 43.94%, and 20.78% (all p < 0.001,
respectively). For objective parameters, compared to the baseline, the mean Qmax increased
nearly 3x, and the mean postvoid residual during follow-up decreased nearly 4x. Compared to
the preoperative values, postoperatively, the prostate volume decreased dramatically (p < 0.001)
(Table 2).

The peri- and postoperative complications reported during this study are presented in Table 3.
According to the modified Clavien Dindo classification system??, a widely used and authoritative
tool for grading surgical complications, no intraoperative patient had complications, and only
four cases reported Grade 1 postoperative complications®?.

FIGURE AND TABLE LEGENDS:

Figure 1: Circularly incise the bladder neck mucosa with a laser.

Figure 2: Circularly incise the prostatic urethra mucosa at the proximal end of verumontanum
with a laser.

Figure 3: Incise the left lobe and right lobe at the apex of the prostate at 12 o'clock.
Figure 4: Circularly incise the bladder neck mucosa with a laser.

Figure 5: Find the surgical capsule at the 5 and 7 o’clock positions of the apex of the prostate
and connect the 5 and 7 o’clock surgical capsule positions with a laser.

Figure 6: In a counterclockwise direction, enucleate the right lobe at the 6 and 12 o'clock
positions from the apex of the prostate to the bladder neck.

Figure 7: In a clockwise direction, enucleate the left lobe at the 6 and 12 o'clock positions from
the apex of the prostate to the bladder neck.
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Figure 8: Cut the enucleated prostatic tissue into small pieces using a morcellator and then
remove the tissues from the bladder.

Table 1: Perioperative data of 40 patients with BPH who underwent DiLEP.
Table 2: Data at baseline and at 1, 3, and 12 months postoperatively parameters.
Table 3: Peri- and post-operative complications of 40 patients with BPH who underwent DiLEP.

DISCUSSION:

At present, the 980-mm diode laser is beginning to be used for the treatment of BPH>. Few
reports have described related clinical studies. Compared to the effect of TURP in the treatment
of BPH, many studies have shown that DiLEP causes less blood loss, achieves better urination
function, and has shorter catheter retention times®31>,

Here, we share our experiences with mDILEP. In our study, compared with traditional DiLEP®6:17,
we circularly incised the bladder neck mucosa and the prostatic urethra mucosa at the proximal
end of the verumontanum with a laser before enucleation. Then, we connected the concentric
circles of the bladder neck and the apex of the prostate at 12 o'clock. This is called a Cupid's
arrow. Although this procedure seemed to increase the operation time, it did not increase the
total operation time relative to results described in other studies. It also brings many benefits:
First, the urethral sphincter is protected from injury because we circularly incised the prostatic
urethra mucosa at the proximal end of the verumontanum?®. The preserved urethral mucosa at
the apex of the prostate can function like an anal cushion, allowing the urethral sphincter to work
better, improving the prevention of urine leakage. For the above reasons, no patient reported
stress urinary incontinence in this study. Second, surgeons can operate within a delimited surgical
area by circularly incising the bladder neck mucosa with a laser, which can protect ureteral
orifices from injury. These two steps are not performed in traditional operations. Some
studies!™**20 have reported that the incidences of urethral sphincter and ureteral orifice injuries
are relatively high, especially for inexperienced surgeons, and the occurrence of these
complications is a heavy burden for doctors and patients. Third, the operator can define the
scope of surgery by incising the bladder neck mucosa and the prostatic urethra mucosa at the
proximal end of the verumontanum. This helps the surgeon find the prostate surgical capsule,
reduces the occurrence of prostate capsule perforation, and facilitates the enucleation of the
median and lateral lobes?. According to our experience, this operation involving a Cupid's Arrow
was much easier to master and facilitates the promotion of this new technology.

Compared to existing procedures used in BPH treatment, DiLEP demonstrates satisfactory short-
term clinical outcomes. In addition, this promising technique has obvious advantages in that it
prevents urinary continence. However, more research is needed to demonstrate the long-term
efficacy of this technique. Only in this way can this technique be developed into a blueprint for a
prostate enucleation protocol in the future.
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Parameters
Age (y)
Prostate volume (ml)

Operative time (min)
Perfusion fluid volume (L)
Postoperative irrigation tin
Decrease in hemoglobin (g/L)
Catheter duration (d)
Hospital stay (d)

Follow—up time (m)
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e 1: Perioperative data of 40 patients with BPH who underwent DiLEP

Data

73.35+7.84
106.40+19. 01
71.18+16. 55
28.02+13.80
13.47+1.83
2.62%1.24
4.25+0. 08
4.60x0. 77
12.45+1.75
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Table 2: Data at Baseline and at 1, 3, and 12 Months Postoperatively Paramet

Parameters Pre-operative 1m 3m 12m
Qmax (ml/min) 7.1242. 94 “P7 21.19+£2.18 22.24+2.02 19. 73%1. 80
PVR (m1) 113.22+33.56 “P7 27.30%3.98 25.05%4. 21 31.10%6.65
IPSS 23.1547. 44 *P 8.37+2.49 7.37%1.94 4.33+1.79
QOL 3.8040.88 “P7 2.20£0. 89 1.67%0.65 0.79£0. 66
PV (ml) 106. 40419. 01 — — 22.08+4. 28

Qmax = maximum flow rate; PVR = postvoid residual; IPSS = International Prostate Sympton
= quality of life;PV=prostate volume

o:Significant differences between pre- and post-operative 1 month groups; p:Significant differences betwee
pre- and post-operative 3 months groups; y:Significant differences between pre- and post-operative 12 mot
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Table 3: Peri- and post—-operative complications of 40 patients

Complications Patients, n (%) Grade
Intraoperative

Prostate capsule perforation 0 3b
Blood transfusion 0 2
TURP syndrome 0 4
Bladder wall injury 0 2
Ureteric orifce injury 0 2
Urethra sphincter injury 0 2
Postoperative

Bladder convulsion 2 (5%) 1
Urge urinary incontinence 2 (5%) 1
Stress urinary incontinence 0 2
Re-place the catheter 0 1

Complications were graded according to the modifed Clavien—Dindo


https://www.editorialmanager.com/jove/download.aspx?id=1159191&guid=7361e12a-62e5-499e-a840-db2e64ba4b00&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1159191&guid=7361e12a-62e5-499e-a840-db2e64ba4b00&scheme=1

Click here to access/download;Table of
Materials;JoVE_Materials.xIsx

Name of Material/Equipment Company

Beijing L.H.H.Medical
HU Diode Laser Science Development
Co., Ltd

Beijing L.H.H.Medical
Optical Fiber Science Development
Co., Ltd

Beijing L.H.H.Medical
Morcellator System Science Development
Co., Ltd

Catalog Number

HU-150

YYGX600

PXQ-01

L]


https://www.editorialmanager.com/jove/download.aspx?id=1159192&guid=46cbd082-f642-49a7-a4fb-bf89f762a353&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1159192&guid=46cbd082-f642-49a7-a4fb-bf89f762a353&scheme=1

Comments/Description
Wavelength: 980nm

Maximum Power: 150W
Operation Mode: Continuous and
pulsed

Fiber core diameter :

600um

Fiber length : 2m

Rotate Speed : 100-3000rpm

MAX. Vacuum Pressure: -80KPa

Rated Output Torque: 12mNm

Blade Size: $5.0*390mm; ¢$3.5*390mm
Blade Work Mode: Corotation
alternates reversal
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SUMMARY:
Here, we present a protocol for modified 980-nm diode laser enucleation to treat large-volume

benign prostatic hyperplasia.

ABSTRACT:

This procedure presents several advantages over other
techniques, such as TURP, HoLEP, and PVP. During the procedure, we defined the boundary of
high-volume prostate and separated it into three lobes with a diode laser by burning two rings
and one groove (just like a Cupid’s arrow). Compared to other procedures, mDiLEP has fewer
intraoperative complications and a shorter learning curve and achieves more tissue resection.

INTRODUCTION:
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ransurethral

In recent years, the fastest growing techniques have involved the use of lasers of various
wavelengths. At present, many types of lasers with different characteristics can be used to
complete prostate enucleation. Since the diode laser was approved by the US FDA for prostatic
hyperplasia in 2007, it has gradually increased in use in the treatment of BPH because of its good
cutting ability and hemostasis effect3. The laser wavelength determines the degree of absorption
by water and hemoglobin. The wavelength of 980-nm diode laser just provides the highest
combined absorption rate of water and hemoglobin. The tissue penetration ability is 0.5mm, and
it can produce coagulation effect on deeper tissue, which makes it have a very good tissue
ablation and hemostasis ability*°.

Many research centers have begun to use DiLEP for the treatment of benign prostatic
hyperplasia. In practice, traditional DILEP has a longer learning curve and presents no obvious

advantages related to urinary sphincter protection®.

Based on the above reasons, traditional DIiLEP was modified in our center to improve the value
of diode laser treatment in patients with BPH.

PROTOCOL:

All methods described here have been approved by ethics committee of Beijing Hospital.
Indications for surgery are according to the European Association of Urology guidelines for
nonneurogenic male LUTS. Contraindications include suspected prostate cancer or detrusor
dysfunction.

1. Instruments for operation

1.1. Ensure the availability of diode laser (980 nm) equipment with a power including continuous
mode (80-100 W).

1.2. Employ a laser fiber and 0.9% saline solution for intraoperative bladder irrigation.
1.3. Use a 26-F laser resectoscope to acquire good visualization and enhance efficiency.
2. Preparation for operation

2.1. an
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preparation

3. Procedure steps
3.1. Observation

3.1.1. ‘DirectM observe the urethra, verumontanum, bladder neck, ureteral orifices, bladder

mucosa and trabecular hyperplasia by resectoscope (15-30 degrees).
3.2. Design range of enucleation (Cupid's arrow)

3.2.1. |Circularly incise the bladder neck mucosa \with a laser (Figure 1).

3.2.2. Circularly incise the ]prostatic‘ urethra mucosa at the proximal end of the verumontanum
with a laser (Figure 2)

Note: Confirm anatomical mark before incision in order to avoid injury of the bladder neck
mucosa and sphincter urethrae. Use a laser power of 80-100 W during the operation except
hemostasis.

3.2.3. ]Connect\the concentric circles of the bladder neck and the apex of the prostate at 12 o'clock.

3.2.4. llncise‘the left lobe and right lobe (Figure 3).

Note: Once the 12 o'clock position of the posterior urethra is pre-incised, retain the distal mucosa.

The concentric circles formed at the neck of the bladder and the apex of the prostate are called
Cupid's arrows.

3.3. Making a channel

3.3.1. Find the surgical capsule at the 5- and 7-0’clock positions of the apex of the prostate and
]connect\the 5- and 7-o’clock surgical capsule positions with a laser (Figure 4).

3.3.2. At the 6-0’clock position of the apex of the prostate, %eparate the median lobe from the
surgical capsule from hhe apex of the prostate to the bladder neck (Figure 5).

Note: If the volume of the prostate >80 ml, the median and lateral lobes will be completely
separated at the 5- and 7-0’clock positions of the apex of the prostate.
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3.4. Enucleation of left and right lobes

3.4.1. In a counterclockwise direction, knucleate\the right lobe at 6 and 12 o'clock from the apex

of the prostate to the bladder neck (Figure 6).

3.4.2. In a clockwise direction, enucleate the left lobe at 6 and 12 o'clock from the apex of the
prostate to the bladder neck (Figure 7).

3.4.3. Push all the glands into the bladder after enucleation

Note: If the volume of the prostate >80 ml, enucleate the median and lateral lobes in the proper
sequence; then, push into the bladder

3.5. Hemostasis

3.5.1. Use a lower laser power (50 W) to stop bleeding around the surgical site. Maintain an
appropriate distance (1-3 mm).

3.6. Morcellate tissue of prostate

3.6.1. ]Cut the enucleated \prostatic tissue into small pieces (the smaller, the better) with a

morcellator and then remove the tissue from the bladder (Figure 8).
3.7. Catheterization

3.7.1. Remove the Morcellator from the urethral

sufficiently lubricating the urethra with lidocaine gel

-Postoperative-

patient

REPRESENTATIVE RESULTS:

sample t-test is used as the statistical method. All patients successfully completed the operation.
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International Prostate Symptom Score (IPSS)

Compared to baseline values, postoperatively, IPSS significantly decreased to 38.15%, 31.92%,
and 18.70% at 1, 3, and 12 months postoperatively, respectively (all P < 0.001), and the QOL
significantly decreased to 57.89%, 43.94% and 20.78% (all P < 0.001, respectively). For objective
parameters, compared to the baseline, the mean Qmax increased nearly 3-fold, and the mean
postvoid residual during follow-up decreased nearly 4-fold. Compared to the preoperative
values, postoperatively, the prostate volume decreased dramatically (P<0.001) (Table 2).

The peri- and postoperative complications reported during this study are presented in Table 3.
According to the \modified Clavien Dindo classification systemL which is a widely used and
authoritative tool for grading surgical complications, no intraoperative patient had
complications, and only 4 cases reported [Grade 1 ‘postoperative complications.

FIGURE AND TABLE LEGENDS:

Fig 1: Circularly incise the bladder neck mucosa with a laser.

Fig 2: Circularly incise the prostatic urethra mucosa at the proximal end of verumontanum with
alaser.

Fig 3: Incise the left lobe and right lobe at the apex of the prostate at 12 o'clock.

Fig 4: Circularly incise the bladder neck mucosa with a laser.

Fig 5: Find the surgical capsule at the 5- and 7-0’clock positions of the apex of the prostate and
connect the 5- and 7-0’clock surgical capsule positions with a laser.

Fig 6: In a counterclockwise direction, enucleate the right lobe at the 6- and 12- o'clock positions
from the apex of the prostate to the bladder neck.

Fig 7: In a clockwise direction, enucleate the left lobe at the 6- and 12- o'clock positions from the
apex of the prostate to the bladder neck.

Fig 8: Cut the enucleated prostatic tissue into small pieces using a morcellator and then remove
the tissues from the bladder.

DISCUSSION:

At present, the 980-mm diode laser is in an early stage in the treatment of BPH2. Few reports
have described related clinical studies. Compared to the effect of TURP in the treatment of BPH,
many studies have shown that DIiLEP causes less blood loss, achieves better urination function,
and has shorter catheter retention times®210,

Here, we share our experiences with mDILEP. Compared to traditional DiLEP®112, in our study,
before enucleation, we circularly incised the bladder neck mucosa and the prostatic urethra
mucosa at the proximal end of the verumontanum with a laser. Then, we connected the
concentric circles of the bladder neck and the apex of the prostate at 12 o'clock, which is called
a Cupid's arrow. Although this procedure seemed to increase the operation time, it did not
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increase the total operation time over the results described in other studies. At the same time, it
brings many benefits. First, the urethral sphincter is protected from injury because we circularly
incised the prostatic urethra mucosa at the proximal end of the verumontanum?3. The preserved
urethral mucosa at the apex of the prostate can function like an anal cushion, allowing the
urethral sphincter to work better, improving the prevention of urine leakage. For the above
reasons, no patient reported stress urinary incontinence in this study. Second, surgeons can
operate within a delimited surgical area by circularly incising the bladder neck mucosa with a
laser, and this can protect ureteral orifices from injury. These two steps are not performed in
traditional operations. Therefore, especially for beginners, some studies*1® have reported that
the incidences of urethral sphincter and ureteral orifice injuries are relatively high, and the
occurrence of these complications is a heavy burden for doctors and patients. Third, the operator
can define the scope of surgery by incising the bladder neck mucosa and the prostatic urethra
mucosa at the proximal end of the verumontanum, and this helps the surgeon find the prostate
surgical capsule, reduces the occurrence of prostate capsule perforation, and facilitates the
enucleation of the median and lateral lobes!. According to our experience, this operation
involving a Cupid's Arrow greatly shortened the learning curve and facilitates the promotion of
this new technology.

Compared to existing procedures used in BPH treatment, DIiLEP demonstrates satisfactory short-
term clinical outcomes. In addition, this promising technique has obvious advantages in that it
preserves urinary continence. However, more research is needed to demonstrate the long-term
efficacy of this technique. Only in this way can this technique be developed into a blueprint for a
prostate enucleation protocol in the future.
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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.5.C. 403, then the
rights granted hereunder shall be limited to the maximum

ARTICLE AND VIDEO LICENSE AGREEMENT

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 ather 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 reguests 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 reasan therefore, to
accept or decline any work submitted to Jove. JoVE and its
employees, agents and Independent contrictors shall have
full, unfettered access ta the facilities of the Author or of
the Author's institution as necessary to make the Video,
whether actually published or not. JoVE has solo discretion
as to the method of making and publishing the Materlals,
Including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, If any,
length, guality, 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 Authar 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 containec 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

ARTICLE AND VIDEO LICENSE AGREEMENT

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 Iindemnification 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 the Materials, Payment Is due in 21 days of
involce. 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 provisien 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.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.
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Please submit a sigm%ated py of tVIicense by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Fax the document to +1.866.381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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