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March 28, 2018 
 
 
Dear JOVE editorial board, 
 
Enclosed please find our manuscript entitled “Endoscopic Minimally Invasive Intracerebral Hemorrhage Evacuation.” 
This manuscript describes how to perform this surgical procedure in a step by step manner. Multiple large international 
randomized trials demonstrated that traditional craniotomy with clot evacuation was not effective in improving 
outcome in this devastating disease process. Recent early-phase clinical trials, however, have renewed hope in the 
surgical treatment of intracerebral hemorrhage with preliminary data suggesting an outcome benefit when minimally 
invasive evacuation is performed. There are currently multiple phase 3 trials under way evaluating various minimally 
invasive techniques. With your videography experience, we hope to present a clear and comprehensive methodology 
that will become a resource for surgeons, physicians, scientists, and patients studying this new procedure. 
 
We thank you in advance for your time and consideration. 
 
Sincerely, 

 
Christopher P. Kellner, MD 
Assistant Professor of Neurosurgery 
Director of the Intracerebral Hemorrhage Program 
Icahn School of Medicine at Mount Sinai 
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SUMMARY: 27 

This paper details the surgical protocol for minimally invasive endoscopic intracerebral 28 

hemorrhage evacuation using the SCUBA technique. 29 

 30 

ABSTRACT: 31 

Intracerebral hemorrhage (ICH) is a subtype of stroke with high mortality and poor functional 32 

outcomes, largely because there are no evidence-based treatment options for this devastating 33 

disease process. In the past decade, a number of minimally invasive surgeries have emerged to 34 

address this issue, one of which is endoscopic evacuation. Stereotactic ICH Underwater Blood 35 

Aspiration (SCUBA) is a novel endoscopic evacuation technique performed in a fluid-filled cavity 36 

using an aspiration system to provide an additional degree of freedom during the procedure. The 37 

SCUBA procedure utilizes a suction device, endoscope, and sheath and is divided into two phases. 38 

The first phase involves maximal aspiration and minimal irrigation to decrease clot burden. The 39 

second phase involves increasing irrigation for visibility, decreasing aspiration strength for 40 

targeted aspiration without disturbing the cavity wall, and cauterizing any bleeding vessels. Using 41 

the endoscope and aspiration wand, this technique aims to maximize hematoma evacuation 42 

while minimizing collateral damage to the surrounding brain. Advantages of the SCUBA technique 43 
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include the use of a low-profile endoscopic sheath minimizing brain disruption and improved 44 

visualization with a fluid-filled cavity rather than an air-filled one.  45 

 46 

INTRODUCTION: 47 

Intracerebral hemorrhage is a bleed that occurs in the brain parenchyma and is the most 48 

devastating subtype of stroke in terms of mortality and disability. The worldwide incidence of ICH 49 

is approximately 24.6 per 100,000 individuals, with 40,000 to 67,000 cases occurring every year 50 

in the US1,2. Intracerebral hemorrhage is a medical emergency requiring fast diagnosis and 51 

management. Historically, outcomes have been bleak, with mortality rates of 40% at 1 month, 52 

51-54% at 1 year, and 71% at 5 years3-6. A key reason for such a poor prognosis is that there are 53 

no evidence-based treatments for this disease process. Previous clinical trials (STICH I and II) did 54 

not demonstrate improved outcomes for surgery compared to conservative medical 55 

management7,8. A proposed hypothesis for the failure of craniotomies is that any benefit gained 56 

from evacuating the clot is outweighed by the extensive brain trauma inflicted by the invasive 57 

nature of the procedure. As a result, in the past decade, a number of minimally invasive 58 

techniques have been developed to attempt to solve this problem, each with advantages and 59 

disadvantages. The techniques can be grouped into two categories: stereotactic aspiration with 60 

thrombolysis and active evacuation. The former involves aspirating the clot through a burr hole, 61 

administering a thrombolytic agent, and draining the residual clot through a catheter over the 62 

period of several days. This technique is currently being tested in the MISTIE clinical trial and is 63 

used by clinicians in China with the YL-1 craniopuncture needle9,10. Active evacuation, on the 64 

other hand, involves aspirating the entire clot in a single procedure without the need for a 65 

draining catheter.  66 

  67 

A number of clinical trials are also underway for this technique, including ENRICH, which utilizes 68 

the NICO BrainPath system for endoport-assisted trans-sulcal evacuation; the INVEST trial11, 69 

which is a single arm feasibility study using the Penumbra Apollo or Artemis Systems for 70 

endoscopic evacuation; and the MIND trial, which is a multicenter randomized clinical trial 71 

evaluating endoscopic evacuation using the Artemis device. Endoscopic evacuation is a promising 72 

technique because it has the lowest profile working channel to minimize brain trauma12. This 73 

paper outlines a specific endoscopic technique described as Stereotactic ICH Underwater Blood 74 

Aspiration (SCUBA)13. The first phase focuses on debulking the hematoma using maximal 75 

aspiration while working within the end of the sheath. The second phase utilizes a high irrigation 76 

rate to aspirate residual clots and cauterize any bleeding vessels in a highly targeted manner.  77 

 78 

There are three devices used in the SCUBA procedure: a sheath (6.33 mm), endoscope, and 79 

aspiration system. The aspiration system consists of a surgical wand (2.6 mm) designed to fit 80 

inside the working channel of an endoscope, which is inserted into the sheath. The wand is 81 

capable of aspiration and, with the press of a button on the handle, morcellation. The 82 

morcellation component of the device is a spinning bident at the tip of the suction tube that spins 83 

upon activation. Suction is activated by covering the hole at the thumb on the handle, and the 84 

bident is activated by pressing firmly on the button. Suction activation in this regard is similar to 85 

common neurosurgical suction instruments. 86 

 87 
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PROTOCOL: 88 

Prior to performing this protocol, the required institutional approval and patient consent were 89 

obtained. All procedures were approved by Mount Sinai Hospital. 90 

 91 

1. Inclusion Criteria 92 

 93 

1.1. Include patients who meet all of the following criteria: age > 18 years old, baseline modified 94 

Rankin Scale (mRS) < 4, presenting Glasgow Coma Scale (GCS) > 4, presenting NIH Stroke Scale 95 

(NIHSS) ≥ 6, symptom onset < 24 hours prior to initial CT scan (minimally invasive ICH evacuation 96 

can be performed within 72 hours of ictus), supratentorial location of ICH, ICH volume > 20 cm3, 97 

stability in ICH volume measured on two CT scans 6 hours apart, systolic blood pressure 98 

controlled to < 160 mmHg for at least 6 hours prior to surgery. 99 

 100 

2. Exclusion Criteria 101 

 102 

2.1. Exclude patients who meet one or more of the following criteria: CT scan demonstrates 103 

expanding hemorrhage; spot sign on CTA imaging; underlying, unsecured lesion (e.g., 104 

arteriovenous malformation, aneurysm, tumor); hemorrhagic conversion of an acute ischemic 105 

stroke; infratentorial location of ICH; large intraventricular hemorrhage requiring treatment as a 106 

result of mass effect or shift; extension of hemorrhage into the midbrain; absolute requirement 107 

for long-term anticoagulation; coagulopathy; platelet count < 100,000 cells/mm3; INR > 1.4; 108 

elevated activated partial thromboplastin time (aPTT); presenting GCS < 4, high risk for ischemic 109 

stroke; emergent need for surgical decompression; inability to give consent for the procedure; is 110 

pregnant, breast-feeding, or displays a positive pregnancy test; evidence of active infection; or 111 

any comorbid disease or condition expected to compromise survival. 112 

 113 

3. Positioning and Planning 114 

 115 

3.1. Administer general anesthesia to the patient using standard techniques. 116 

 117 

3.2. Maintain sterile conditions throughout the entire procedure by sterilely preparing the skin 118 

and draping the surgical area. 119 

 120 

3.3. Plan the trajectory of the evacuation by using preoperative volumetric imaging to draw a line 121 

along the long axis of the hematoma to the outer surface of the skull, so that the tip of the sheath 122 

will sit 1 to 2 cm from the distal end of the hematoma.  123 

 124 

Note: Important things to keep in mind when planning the trajectory are to minimize disruption 125 

to brain tissue (especially eloquent structures) and avoid any vasculature visible on non-invasive 126 

imaging. Trajectory planning is performed on stereotactic navigation software, which varies by 127 

institution. A comparison of commonly used navigation systems in ICH evacuation is available in 128 

the medical literature14. 129 

 130 
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3.4. Place the patient in the correct anatomical position depending on the location of the 131 

hematoma. 132 

 133 

Note: Most cases (80%) are performed supine, and a minority are performed prone (15%) or 134 

supine with the head turned (5%). 135 

 136 

4. Opening 137 

 138 

4.1. Make a 2 cm linear, horizontal incision along the skin within a natural skin crease.  139 

 140 

4.2. Open the skull with a 1- to 1.2 cm-diameter craniectomy using a high-speed drill with a 5 mm 141 

cutting burr. Attempt to align the craniectomy with the long axis of the hematoma, but avoid 142 

midline structures and eloquent brain territories. 143 

 144 

Note: A perforator is larger than necessary, especially if the defect is on the forehead. 145 

 146 

4.3. If the trajectory is not perfectly perpendicular to the skull, drill a cylinder in the bone along 147 

the planned trajectory to ensure optimal mobility of the sheath and endoscope within the 148 

craniectomy, but be aware that the intersection with the dura will not be perpendicular. 149 

 150 

4.4. Use bone wax, gel foam in thrombin, and bipolar cautery to achieve hemostasis. 151 

 152 

4.5. Visualize the underlying hematoma using ultrasound to confirm its size and position.  153 

 154 

Note: Ultrasound quality is highest using the burr hole transducer in a wet field prior to 155 

durotomy. 156 

 157 

4.6. Open the dura in a cruciate fashion and cauterize the dural leaves to within a millimeter of 158 

the bone edge.  159 

 160 

Note: Avoid large veins or arteries. 161 

 162 

4.7. Incise the pia mater 1 cm with a #11 blade prior to cauterizing. If obtaining a brain biopsy, 163 

this is the ideal time. Use tumor forceps or the cup end of a Penfield 1 instrument. Avoid cautery 164 

until the biopsy is obtained. 165 

 166 

4.8. Cauterize the pial incision and underlying cortex with bipolar cautery. 167 

 168 

5. Phase 1 Evacuation 169 

 170 

5.1. Insert the introducer sheath along the planned trajectory with a navigation stylet positioned 171 

within the sheath. The stylet provides live feedback on the location of the tip.  172 

 173 



 

 

Note: Given the small size of the 1 cm craniectomy, a “trans-sulcal” approach is often not 174 

possible; therefore, the pia is incised and entered in a non-vascular space immediately below the 175 

craniectomy. 176 

 177 

5.2. If the clot is particularly fibrous and resistance is encountered, make a slight adjustment to 178 

the sheath to reach the target point. 179 

 180 

5.3. Remove the introducer and navigation probe once the target point is reached, 1-2 cm from 181 

the distal end of the hematoma.  182 

 183 

Note: Some operators prefer to use stereotactic navigation registered to the endoscope rather 184 

than the sheath introducer for continuous navigation. 185 

 186 

5.4. Note the position of the sheath by marking it at the level of the skin. 187 

 188 

Note: If the pressure within the hematoma is high, liquid may flow out of the sheath during this 189 

step. 190 

 191 

5.5. Prepare the endoscope by activating the preferred settings including white balance, 192 

brightness, filter, and light intensity.  193 

 194 

5.6. Attach the irrigation tubing from a 2 L saline bag at shoulder height to the left working port, 195 

and set the flow rate to approximately 25% on the endoscope. Open the right port of the 196 

endoscope all the way, allowing for egress of irrigation fluid. 197 

 198 

5.7. Insert the endoscope into the sheath. Insert the wand inside the working channel of the 199 

endoscope and hold the wand with the dominant hand.  200 

 201 

Note: For this phase of the procedure, maintain the endoscope and wand within the end of the 202 

sheath, approximately 0.5 to 2 cm from the end of the sheath. 203 

 204 

5.8. Use the pointer finger to buffer the distance between endoscope and the wand’s handle to 205 

maintain constant awareness of the location of the tip of the device within the sheath. 206 

 207 

5.9. Set the suction strength of the aspiration system to 100% and set the irrigation flow rate to 208 

low (~25%). 209 

 210 

5.10. Aspirate any liquid hematoma that presents itself at the end of the sheath while keeping 211 

the wand within the distal 1 cm of the sheath.  212 

 213 

Note: As the hematoma is aspirated, the cavity will collapse inward due to the reduced mass 214 

effect. Constant irrigation maintains the structure of the cavity during phase 2 of the evacuation. 215 

 216 



 

 

5.11. If a solid clot is encountered that does not aspirate with suction alone, activate the bident 217 

within the wand to digest the clot. 218 

 219 

5.12. If a piece of clot is too large or fibrous for suction and adheres to the tip of the wand, 220 

withdraw the entire endoscope and wand together with the clot, taking care not to dislodge the 221 

clot from the wand.  222 

 223 

Note: This is called the ADAPT (A Direct Aspiration First Pass Technique) technique, referencing 224 

the practice of removing intravascular thrombus during thrombectomy for acute ischemic 225 

stroke15.  226 

 227 

5.13. If the piece of clot is particularly large with a fibrous capsule and the prior two techniques 228 

do not work, use the working channel of the endoscope as an additional suction.  229 

 230 

5.13.1. To accomplish this, attach a conventional surgical suction to the second endoscope port 231 

(usually the irrigation outflow pathway) with the valve closed but ready for activation. Draw the 232 

large piece of clot into the end of the sheath using the wand. Close the irrigation inflow port and 233 

open the outflow port to activate maximal surgical suction. The clot is now stuck on the tip of the 234 

wand, endoscope, and sheath. Remove the wand, endoscope, sheath, and clot together.  235 

 236 

Note: This is called the double ADAPT technique.  237 

 238 

5.14. If the clot has a fibrous capsule and is difficult to separate from the brain tissue, use the tip 239 

of the sheath as a blunt dissector.  240 

 241 

Note: This is called the sheath dissection technique.  242 

 243 

5.15. After aspirating, explore the cavity at the same depth by gently pivoting the sheath laterally 244 

until no residual clot remains at that depth.  245 

 246 

5.16. Withdraw the sheath 1 cm and repeat the aspiration steps of Phase 1 until the sheath 247 

reaches the proximal wall of the cavity. 248 

 249 

6. Phase 2 Evacuation 250 

 251 

6.1. Decrease the suction of the wand to 25% and increase the irrigation to 100% to improve 252 

visibility in the cavity. Explore for residual hematoma and identify bleeding arteries.  253 

 254 

Note: During this phase, it is critical to minimize suction forces on the pericavity brain tissue.  255 

 256 

6.2. Aspirate any residual hematoma in a targeted fashion with low aspiration power, taking care 257 

to not damage surrounding brain matter which can incur additional bleeding or cause trauma to 258 

the cavity wall. 259 

 260 



 

 

Note: Blood products may initially interfere with optimal visualization but the cavity will clear 261 

with patient, continuous irrigation. If the cavity does not clear, identify and cauterize the 262 

bleeding vessels. 263 

 264 

6.3. Monitor for any bleeding vessels and address them accordingly with the following steps: 265 

 266 

6.3.1. If small bleeding vessels are challenging to visualize, direct a consistent flow of irrigation 267 

towards the vessel by hovering immediately over the bleeding site with the sheath and pulling 268 

the scope back from the tip. Once the vessel is better visualized, cauterize the vessel.  269 

 270 

Note: This is called the sheath hover technique. 271 

 272 

6.3.2. Irrigate the cavity until hemostasis is achieved 273 

 274 

6.3.3. Apply pressure using the end of the sheath if pure irrigation does not work.  275 

 276 

6.3.4. Utilize bipolar cautery if the previous two methods do not work. 277 

 278 

6.3.5. Aspirate any residual hematoma along the sides or in the crevices of the cavity. 279 

 280 

Note: This step becomes easier once the bleeding vessels are addressed, permitting clear 281 

visualization. 282 

 283 

6.4. Ensure that the cavity is cleared of all visible hematomas and bleeding vessels. 284 

 285 

Note: If there is a thin layer of fresh clot from intraoperative bleeding, beware of causing more 286 

bleeding in the attempted aspiration of this thin coating of fresh blood. Aspirate gently or leave 287 

the fresh blood in place. Differentiating clots from the cavity wall is a major challenge in the 288 

procedure. 289 

 290 

7. Assessment and Closure 291 

 292 

7.1. Withdraw the endoscope and sheath slowly, with the endoscope at the tip of the sheath to 293 

examine the tract walls upon exiting to monitor for additional bleeding.  294 

 295 

Note: Some operators have advocated for infusing thrombin into the cavity at this point, either 296 

by adding thrombin directly to the irrigation fluid or by injecting gelatin mixed with thrombin 297 

through the endoscope. This is a reasonable option, but injecting gelatin mixed with thrombin 298 

will make ultrasound imaging impossible. 299 

 300 

7.2. Use burr hole ultrasound to assess for residual hematoma or active bleeding. 301 

 302 



 

 

Note: Ultrasound is useful for settling doubt about any questionable regions as well as 303 

detecting any large areas of residual hematoma that may have been missed under direct 304 

visualization. 305 

 306 

7.3. Perform an intraoperative Dyna-CT scan if available to evaluate the degree of evacuation. 307 

 308 

Note: The goal of the procedure is to obtain at least 80% evacuation. If there is more than 20% 309 

of the hematoma remaining, restart Phase 2 of the evacuation before proceeding to the 310 

following steps.  311 

 312 

7.4. Apply hemostatic gel foam in the burr hole over the surface of the brain. 313 

 314 

7.5. Cover the craniectomy using a titanium plate and secure it using titanium screws.  315 

 316 

7.6. Close the galea and subcutaneous layers using 3-0 polyglactin 910 sutures. 317 

 318 

7.7. Close the skin using 4-0 poliglycaprone 25 subcuticular stitches, followed by skin closure 319 

surgical tape strips. 320 

 321 

REPRESENTATIVE RESULTS: 322 

The SCUBA evacuation technique has been described in 47 patients undergoing endoscopic ICH 323 

evacuation between December 2015 and September 2017. The mean pre-operative ICH volume 324 

was reported as 42.6 cm3 (standard deviation = 29.7 cm3; mean post-operative ICH volume = 4.2 325 

cm3, SD 6.6 cm3), resulting in a mean evacuation rate of 88.2% (SD 20.8%) (Table 1). An example 326 

of pre-operative and post-operative CT scans is shown in Figure 1. In 23 (48.9%) cases, active 327 

bleeding vessels were detected, and in 12 (52.2%) of these cases, bleeding emanated from more 328 

than one vessel (Table 2). Bleeding was addressed using irrigation alone in 5 cases (10.6%) and 329 

electrocautery in 18 cases (38.3%) (Table 2). Post-operative bleeding was isolated to only a single 330 

case (2.1%) in which the routine head CT performed on post-operative day 1 demonstrated that 331 

the evacuation cavity had refilled with hemorrhage that appeared to originate from a superficial 332 

galeal vessel bleeding into the access tract and cavity (Table 2). This patient’s examination did 333 

not worsen, and he did not require additional surgery. 334 

 335 

FIGURE LEGENDS: 336 

 337 

Figure 1: CT scans. (A) Pre-operative CT head image demonstrates a large right basal ganglia 338 

hemorrhage. (B) CT head image performed on post-operative day 1 demonstrates near-complete 339 

evacuation of the hematoma. 340 

 341 

Table 1: Evacuation details. ICH volumes and evacuation rates for the SCUBA procedure. 342 

 343 

Table 2: Operative details. Operative details (specifically bleeding vessels) encountered during 344 

the SCUBA procedure. 345 

 346 



 

 

DISCUSSION: 347 

There are several operative best practices to learn and implement during endoscopic ICH 348 

evacuation. First and foremost, it is critical to minimize disruption to brain tissue whenever 349 

possible. Accomplishing this starts with optimizing the surgical trajectory so that the sheath 350 

traverses the shortest possible course while avoiding eloquent structures. For supratentorial ICH, 351 

eloquent structures include the supplementary motor area, primary motor and sensory cortices, 352 

left superior temporal and angular gyri, and primary visual cortex. In addition, the trajectory 353 

should align with the longitudinal axis of the hematoma. The benefits of this strategy include 354 

maximizing visualization of the cavity, minimizing torque force on the brain adjacent to the access 355 

tract, increasing the likelihood of being able to view the extremes of the cavity, and creating the 356 

shortest possible trajectory to the clot, thus minimizing brain trauma. 357 

 358 

In addition to minimizing brain tissue disruption, it is also important to minimize distortion of the 359 

hematoma cavity. Aspiration in an enclosed cavity can distort elastic brain matter as much as 360 

compressive forces with equal damage. To avoid this, suction strength should be at the minimal 361 

possible level necessary for effective blood clot aspiration. This is especially important if the tip 362 

of the wand is advanced beyond the tip of the sheath. The only time the suction strength should 363 

be on high is during Phase 1, when the tip is in direct contact with the clot. The suction strength 364 

should decrease as the procedure progresses. 365 

 366 

Unfavorable outcomes have been reported when irrigation during an endoscopic intraventricular 367 

hematoma evacuation leads to increased intracranial pressure16. The SCUBA procedure avoids 368 

this by evacuating the hematoma in Phase 1, which decreases pressure within the cavity, and 369 

subsequently irrigating in Phase 2. In Phase 2, the endoscope has a second access port that allows 370 

for irrigation outflow, thus avoiding over-distension of the hematoma cavity and elevated 371 

intracavitary pressure. In addition, the sheath and tract do not form a watertight seal and 372 

irrigation fluid is lost around the sheath.  373 

 374 

Achieving and maintaining hemostasis during Phase 2 is a crucial requirement for a successful 375 

SCUBA evacuation. It is important to meticulously monitor every wall of the cavity for bleeding 376 

vessels and address them accordingly with continuous irrigation or bipolar cautery. Achieving 377 

perfect hemostasis ensures that there is minimal risk of postoperative re-bleeding. 378 

 379 

Since clear, direct visualization of the residual hematoma within the cavity may not always be 380 

possible during the procedure, it is a best practice to check the evacuation with intraoperative 381 

imaging after Phase 2. There have been several cases in which direct endoscopic examination 382 

suggested that the cavity was clear but residual hematoma was detected on either intraoperative 383 

ultrasound or DYNA CT, leading to another pass with the sheath into the cavity and additional 384 

hematoma evacuation. 385 

 386 

At this early stage in the development of this procedure, there is strong enough evidence to 387 

suggest what the lower limit of evacuation percentage of residual clot volume should be. Though 388 

there are currently no studies evaluating outcomes for endoscopic procedure evacuation 389 

percentages, animal models and the MISTIE trial suggest that increased evacuation is preferred9. 390 
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In ICH-induced mice, molecules in the blood such as iron had a toxic effect on the surrounding 391 

brain tissue, while iron chelators reduced the damage17. The MISTIE II trial found that 392 

perihematomal edema volume was smallest when evacuation percentage exceeded 65%, larger 393 

when evacuation percentage ranged from 20-65%, and largest when evacuation percentage was 394 

less than 20%18. This data also suggest that outcome may improve with higher evacuation 395 

percentage, but the study was not powered to assess this feature. The MISTIE phase III, ENRICH, 396 

INVEST, and/or MIND trials may shed light on this question. 397 

 398 

One area that remains to be resolved is the timeframe of the procedure. Many protocols 399 

advocate evacuation within 72 hours and after a 6-hour stability scan to ensure that the 400 

hematoma is stable. Many physicians choose this course of action, as a small study from 2004 401 

reported complications, re-bleeding, and poor outcomes in a small series of patients who 402 

underwent craniotomy for ultra-early surgery19. More recent studies on minimally invasive 403 

endoscopic evacuation have reported good outcomes with ultra-early evacuation20,21. 404 

Manuscripts reporting endoscopic evacuation suggest that bleeding is identifiable and 405 

controllable in ultra-early evacuations. The ENRICH study protocol requires evacuation within 24 406 

hours of ictus and does not mandate a stability scan. Ultra-early surgery may be an option in the 407 

future, but additional studies are necessary to assess the risks and benefits of ultra-early 408 

evacuation. 409 

 410 

The SCUBA procedure is a minimally invasive intracerebral hemorrhage evacuation technique 411 

that involves an endoscope using an aspiration system. Preliminary evidence suggests that the 412 

SCUBA technique can be performed safely and reliably results in a high evacuation percentage. 413 

Further studies are necessary to assess the impact of this procedure on functional outcomes. 414 

 415 
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Table 1: Evacuation Details

Variable Mean Standard Deviation

Preoperative Volume 42.6 29.7

Postoperative Volume 4.2 6.6

Evacuation Percentage 88.2% 20.8%

Table Click here to download Table Table 1 - Evacuation Details.xlsx 
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Table 2: Operative Details

Variable Number Percent

Total Patients 47 -

Active Bleeding Identified 23 48.9%

   Single Vessels 11 23.4%

   Multiple Vessels 12 25.5%

   Irrigation 5 10.6%

   Electrocautery 18 38.3%

Postoperative Bleeding 1 2.1%

Table Click here to download Table Table 2 - Operative Details.xlsx 
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Name of Material/ Equipment Company Catalog Number

Artemis Device 2.8mm Penumbra Inc. AP28

Artemis Device 2.1mm Penumbra Inc. AP21

Artemis Device 1.5mm Penumbra Inc. AP15

MAX Canister Penumbra Inc. APCAN2

Pump MAX 110V Penumbra Inc. PMX110

19-French Sheath Aesculap USA FH604SU

Storz Lotta 3-port Endoscope Karl Stortz 28164 LA / 28164 LS

Medtronic AxiEM Medtronic UC201403939 

High-speed drill with 5-mm cutting burr Medtronic 9BA60

Bone Wax Ethicon W31

Hemostatic Gel Foam with Thrombin J&J Healthcare 2994

Bipolar Cautery State of the Art 401102

Aloka burr hole ultrasound transducer Aloka UST-52114P

11-blade Bard Parker 372611

Penfield 1 instrument Sklar Corp 47-2255

AxiEM stylet Medtronic 9735428

Titanium plate Depuy Synthes 04503023/04503024

Titanium screws Depuy Synthes 0450310301/0450310401

DYNA CT on the Artis Q Siemens Healthineers A91AX-01343-33C1-7600 

3-0 Vicryl sutures Ethicon J416

4-0 monocryl subcuticular stitches Ethicon Y426

Steri-Strips 3M R1547

Table Click here to download Table of Materials Table 3 - Materials
List (Revised).xlsx
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Comments/Description

Cannula Outer Diameter: 2.8mm. Cannula Length: 27cm. Aspiration Tubing Length: 9.5ft; The Food and Drug Administration (FDA) approved the Apollo System in 2014 for use in intraventricular hemorrhage (IVH) evacuation but its indication now includes ICH and the Artemis System was approved for the same IVH and ICH evacuation in 2017.

Cannula Outer Diameter: 2.1mm. Cannula Length: 26cm. Aspiration Tubing Length: 9.5ft

Cannula Outer Diameter: 1.5mm. Cannula Length: 27cm. Aspiration Tubing Length: 9.5ft

Outer Diameter: 6.33mm

Outer Diameter: 6.1mm. Two ports for irrigation/suction (1.6mm). One working channel (2.9mm)

An advantage of the Medtronic AxiEM system is it does not require pinning or line-of-site navigation.



Cannula Outer Diameter: 2.8mm. Cannula Length: 27cm. Aspiration Tubing Length: 9.5ft; The Food and Drug Administration (FDA) approved the Apollo System in 2014 for use in intraventricular hemorrhage (IVH) evacuation but its indication now includes ICH and the Artemis System was approved for the same IVH and ICH evacuation in 2017.

An advantage of the Medtronic AxiEM system is it does not require pinning or line-of-site navigation.



Cannula Outer Diameter: 2.8mm. Cannula Length: 27cm. Aspiration Tubing Length: 9.5ft; The Food and Drug Administration (FDA) approved the Apollo System in 2014 for use in intraventricular hemorrhage (IVH) evacuation but its indication now includes ICH and the Artemis System was approved for the same IVH and ICH evacuation in 2017.



Cannula Outer Diameter: 2.8mm. Cannula Length: 27cm. Aspiration Tubing Length: 9.5ft; The Food and Drug Administration (FDA) approved the Apollo System in 2014 for use in intraventricular hemorrhage (IVH) evacuation but its indication now includes ICH and the Artemis System was approved for the same IVH and ICH evacuation in 2017.
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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.

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission. 

CORRESPONDING AUTHOR: 

Name: 

Department: 

Institution: 

Article Title: 

Signature:   Date: 

Please submit a signed and dated copy of this license by one of the following three methods: 
1) Upload a scanned copy of the document as a pfd 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 02139

For questions, please email submissions@jove.com or call +1.617.945.9051 
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July 9, 2018 

 

Dear Reviewers, 

 

Thank you for your detailed review and inquiries. Below we include a point by point response to your concerns 

with referenced changes to the manuscript. All changes have been tracked and any changes addressing your 

specific concerns have been highlighted in yellow. 

 

Reviewer #1:  

Manuscript Summary: 

There are many nuances in performing a truly minimally invasive hematoma evacuation with a endoscope. 

This manuscript has described most of the detail in this procedure, and it is quite suitable for a visualized 

publication. 

 

Major Concerns: 

Line 133: "3.5.2. Attempt to enter a sulcus if possible." 

Line 141: "4.1.1. If possible, the insertion point should be made within a sulcus to minimize gyral neuronal 

column injury." 

 

When a sulcus is just right on the burr hole, insert the sheath in a sulcus will increase the bleeding risk. So 

the sulcus should be avoid except there is enough space for a surgeon to split the arachnid and reach the 

bottom of the sulcus, which usually you won't have in a 1-1.2cm craniectomy. 

Personally, I prefer to make the cut right beside the sulcus, and insert the sheath along the sulcus and cling 

the pia. 

 

Thank you for your review and comments. We have taken them into account and made the following updates. 

 

We acknowledge that a transsulcal approach is often difficult to perform. We have updated the protocol to now 

read “Given the small size of the 1cm craniectomy, a “trans-sulcal” approach is often not possible and therefore 

the pia is incised and entered in a non-vascular space immediately below the craniectomy.” (highlighted in 

yellow) 

 

Minor Concerns: 

Line 144: "4.2. Remove the introducer and navigation probe once you reach the target point, 1.5cm from the 

distal end of the hematoma." 

 

Sometimes, the clot is fibrous and not easy to be penetrated. If this step is done by force, additional injury 

can be caused by inexperienced surgeon at the distal part of the hematoma cavity. 

 

Therefore, a check point should be added when the tip of the sheath touch the clot surface. If there are some 

resistance come from the sheath, the surgeon should slightly adjust the penetrating point and find the weak 

spot, or insert the endoscope to evacuate the blocking clot. 

 

This concern has been addressed with the following line: “If the clot is particularly fibrous and resistance is 

encountered, make a slight adjustment to the sheath to reach the target point.” (highlighted in yellow) 

 

Rebuttal Letter Click here to download Rebuttal Letter JoVE SCUBA Revision
Letter.docx

http://www.editorialmanager.com/jove/download.aspx?id=864789&guid=9c2e4a24-93e3-4f44-940d-2d3d6649b9b9&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=864789&guid=9c2e4a24-93e3-4f44-940d-2d3d6649b9b9&scheme=1


And the safest way should be inserting the transparent sheath with the endoscope placed inside and mounted 

with navigation system, so that the whole procedure is performed with direct vision. 

 

Excellent point. 

 

While we prefer to use a navigated probe and find that method safe and effective, we acknowledge many 

operators prefer to use stereotactic navigation registered to the endoscope rather the sheath introducer for 

continuous navigation. We have added the following line “Some operators prefer to use stereotactic navigation 

registered to the endoscope rather the sheath introducer for continuous navigation.” (highlighted in yellow) 

 

Reviewer #2: 

Manuscript Summary: 

this is an interesting, relevant and well written manuscript 

 

Major Concerns: 

none 

 

Minor Concerns: 

The authors state that there was no increase in ICP or intracavitary pressure during their 2 phase procedure. 

Is this published yet? Do they have data? 

„5.1.1. We have monitored intracavitary pressure during this phase of the procedure and there is no 

appreciable intracavitary local pressure increase." 

 

While we do have data, we have not yet published it and appreciate your point. We have removed this line from 

the manuscript.  

 

Why do you think you reduce damage via a transsulcal approach? Is there any evidence or what is the 

reasoning? 

 

We agree that while some operators attempt to perform a trans-sulcal approach, there is no evidence that this is 

beneficial. We have updated the protocol to now read “Given the small size of the 1cm craniectomy, a “trans-

sulcal approach is often not possible and therefore the pia is incised and entered in a non-vascular space 

immediately below the craniectomy.” (highlighted in yellow) 

 

Reviewer #3:  

Manuscript Summary: 

I have already finish reading this article 

And I highly recommend it 

 

Thank you for your review and comments.  

 

Reviewer #4: 

The only items I might suggest adding to the manuscript are a summary of technical challenges for folks 

learning the procedure and a summary of when this procedure should and should not be used. 

 

Thank you for your review and comments.  

 

Challenges and the proper way to address them have been included throughout the protocol. In addition, the 

discussion summarizes important tenets for surgeons to keep in mind when learning and performing the 

procedure (highlighted in yellow). Also, the inclusion and exclusion criteria for the procedure have now been 

included to address when this procedure should and should not be used (highlighted in yellow). 


