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Introduction: To investigate the safety and efficacy of the Vitesse hypersonic vitrectomy device for retinal reattachment surgery in
proliferative vitreoretinopathy (PVR) or proliferative diabetic vitreoretinopathy (PDVR) cases. The Vitesse device utilizes hypersonic
technology to liquefy instead of cutting the vitreous, providing an alternative to the traditional pneumatic guillotine cutter.

Material and Methods: A prospective, one-armed, non-comparative, open-label study was performed. Sixteen patients with
a diagnosis of PVR or PDVR that required retinal reattachment surgery were included. Severity of disease was classified using the
Retina Society 1983 classification and Kroll Classification from 2007. Patient data was collected preoperatively, 2 days postopera-
tively, 1 month postoperatively, and 3 months postoperatively. Efficacy of hypersonic vitrectomy was evaluated, both subjectively

using a questionnaire and objectively by means of Supplementary Video documentation, device settings, and data collection of the

patients’ medical history.

Results: In all 16 cases, retinal reattachment surgery could be performed with Vitesse without conversion to a guillotine cutter. The vitreous
could be separated from the detached retina completely with no iatrogenic tissue damage. Vitreous traction was documented in one case. In 6
cases, shaving of the vitreous base was performed after early fluid—air exchange with hypersonic vitrectomy without any complications. No
adverse events suspected to be related to hypersonic vitrectomy were documented in the follow-up visits.

Conclusion: The Vitesse has potential advantages including reduced vacuum volumes with limited amount of turbulence and
avoidance vitreoretinal traction. Liquefaction directly in front of the probe entrance allows for continuous unrestricted fluid flow.
These factors of hypersonic technology allow to carry out retinal reattachment surgery in PVR or PDVR cases successfully.
Keywords: retinal detachment, hypersonic vitrectomy, proliferative vitreoretinopathy, proliferative diabetic vitreoretinopathy

Introduction

Retinal detachment has always been a difficult pathology to manage.'* Though it is a relatively rare disease with an
incidence of 1 in 10,000, it is a sight-threatening condition. In tertiary care facilities, the occurrence of retinal
detachments accounts for a large proportion of the operative effort.’ The three main techniques for the treatment of

19712 and pneumatic retinopexy.'® Vitrectomy

a retinal detachment are scleral buckling,*® pars plana vitrectomy (PPV)
should be favored for retinal reattachment surgery if there is vitreous traction like in PVR'* or PDVR'® cases.'®!’

The Vitesse vitrector is a novel device from Bausch + Lomb GmbH (St. Louis, MO, USA) that uses hypersonic
technology instead of traditional pneumatic guillotine cutting for vitreous removal.'® In 2017, the first in-human study
using Vitesse was conducted in India and delivered promising results.'® Soon after, the device was approved by the FDA
and CE and select surgeons began to operate with the device and collect further clinical experiences.

The main objective of this study was to evaluate the safety and efficacy of the Vitesse hypersonic vitrectomy device
for retinal reattachment surgery in proliferative vitreoretinopathy (PVR) or proliferative diabetic vitreoretinopathy

(PDVR) cases.
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Materials and Methods

This prospective, one-armed, non-comparative, open-label study was approved by the Ethic Committee of the University
Hospital Frankfurt (E115/20) and was performed in accordance with the ethical standards as laid down in the 1964 Declaration
of Helsinki and its later amendments. It was registered in the German Clinical Trials Register (DRKS00026046).

The University Hospital Department of Ophthalmology in Frankfurt was given the opportunity to be the first in
Germany to conduct a clinical study using Vitesse. Two vitreoretinal surgeons — a primary surgeon and an assistant
surgeon — completed all cases together, viewing through stereoscopic observation systems of the microscope. They were
required to complete an online training prior to operating with Vitesse. The background, machine settings and surgical
techniques were discussed. Each case was performed together with a Clinical & Application Specialist from Bausch +
Lomb to find optimal machine settings for each requirement.

Vitesse is used in conjunction with plastic cannulas instead of standard titanium cannulas because the hypersonic technology
prevents the device from being used with metal cannulas. Overall, lower vacuum volumes of vitreous are necessary when using
Vitesse (0—150 mmHg) compared to traditional vitrectomy (200600 mmHg). A vibrating single lumen needle (0—60 micro-
meters at 28.5 kHz) shears the vitreous body at the edge of the continuously open port and the liquified material is extracted. This
is in opposite to traditional gold-standard guillotine systems that contain a double lumen system for cutting and aspirating and
therefore have to aspirate vitreous into the lumen where the cutting takes place. Figure 1 shows the Vitesse device in use.

Here, we focus on the 16 cases where hypersonic vitrectomy was used for reattachment of detached retina in patients
with proliferative vitreoretinopathy (PVR) or proliferative diabetic vitreoretinopathy (PDVR) in an inpatient setting. All
patients were informed about the study, and written informed consent was obtained prior to inclusion.

The efficacy of the Vitesse liquefaction technique was recorded both subjectively using a questionnaire, which the
surgeon filled out after each case, and objectively by means of Supplementary Video documentation of the operation with

an evaluation of the duration of the operation, the method of vitrectomy (eg, if performed using early fluid—air exchange
to complete vitreous removal under air), the safety of the procedure (as defined by the complication rate, incarceration of
vitreous, and excessive retinal traction), and the device settings.

All study patients were seen for follow-up postoperatively. The first follow-up visit was completed 2 days after surgery
date and prior to discharge. All patients were scheduled for a 1-month follow-up visit. As standard procedure, patients who

Figure | Vitesse device in use, as seen in the right hand of the surgeon.
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received a silicone oil tamponade were scheduled for oil removal 2 months postoperatively, with the exception of those who
due to their clinical picture required prolonged oil tamponade. All patients were scheduled for a 3-month follow-up visit.

Results

Sixteen patients with retinal detachment due to either PVR or PDVR underwent pars plana vitrectomy and all procedures
were performed by 2 retinal surgeons together. Patients were classified according to disease severity using the
classification system of the Retina Society 1983 and the Kroll Classification from 2007.'*'>2° Please see Table 1.

Vitesse Technology and Machine Settings in Retinal Reattachment Surgery
Table 2 displays the typical machine settings chosen for retinal reattachment surgery based on our case experiences so far.
Regarding stroke length, for primary core vitrectomy, it was useful to work with a stroke of approximately 60 pm. If the vitreous
was still attached and a PVD was required, stroke was reduced. It was advised by the surgeons to start with zero stroke and increase
itup to 60 pm if necessary. Regarding vacuum pressure, in most retinal detachment scenarios a vacuum pressure around 100-120
mmHg was used. If the patient was young or had a pathological adherent vitreous (for example, in PVR cases in rhegmatogenous
retinal detachment) we found it to be adventitious to reduce the vacuum pressure to about 40 mmHg. Finally, regarding fluid—air
exchange, a vacuum of approximately 120 mmHg was required to be as effective with Vitesse as with a guillotine cutter.

In Figure 2 and Supplementary Video, examples of retinal reattachment surgery with Vitesse are presented. In the

upper right-hand corner of both Figure 2 and Supplementary Video, parameters and device settings are listed.

Results of the Postoperative Questionnaire

The case-specific results of the postoperative questionnaire completed by surgeons are displayed in Table 3. Out of 16
cases, 3 complications were noted. All were related to the instability of the plastic cannulas, as described in Limitations
and Complications. Vitreous traction was observed in one case (PVR D1) due to inability to cut vitreous but without any

Table | Patient Classification Using the Retina Society 1983 Classification and
Kroll Classification from 2007

PVR Stage Number of Study PDVR Stage Number of Study
Eyes Eyes
A | A 2
B 5 B |
C C
Cl 2 Cl 0
2 | 2 0
C3 0 c3 |
D D 0
DI
D2 0
D3 0

Table 2 Typical Vitesse Machine Parameters in Our Setting with a Dual Linear Foot Pedal for
Retinal Reattachment Surgery

Phase Core Vitrectomy PVD Peripheral Vitrectomy
Stroke Length 40-60 um 0-60 pm 40-60 pm
Vacuum Pressure 0-120 mmHg 0-120 mmHg 0-120 mmHg
Infusion Pressure 25-35 mmHg 25-35 mmHg 25-35 mmHg
Clinical Ophthalmology 2022:16 htps: 3713
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Figure 2 Removal of residual vitreous (before silicone oil fill) under air using the Vitesse device.

associated retinal injury or break. After performing a fluid—air exchange, the surgeon was able to complete the vitrectomy
successfully. In 7 of 16 cases, surgeons reported on the postsurgical questionnaire that using Vitesse felt more time-
consuming than the procedure would have been with a guillotine cutter. Average case time was 1 hour 20 minutes, and
the time varied depending on the difficulty of the case (min 0:40 and max 2:54).

Air fill in eyes with incomplete vitreous removal was helpful for better visualization and for stabilization of mobile
retina. Therefore, in 6 of 16 cases, early fluid—air exchange was performed and removal of the vitreous base was
completed without any collapse of the eye or choroidal or retinal bleeding. All cases were performed using hypersonic
vitrectomy, and surgeons did not have to switch to a guillotine cutter to finish the procedure in any cases.

Staining of the transparent vitreous either from previously existing bleeding or from triamcinolone crystals injected
into the vitreous cavity was helpful for a more adequate assessment of the progress of vitreous liquefaction.

With Vitesse, trimming back of necrotic tissue at the edge of a retinal tear as well as the targeted removal of a tear flap
was managed in all cases without the risk of uncontrolled and/or extensive tissue reduction. The maneuver had to be
adjusted based on specific tissue density: subretinal fluid was drained with a stroke length of 0, soft swollen retina
required stroke length between 20 and 40 um, and dense fibrovascular tissue was removed with stroke length between 40
and 60 um. This was combined with a vacuum level of 40-120 mmHg.

Accidental iatrogenic enlargement of a retinal tear was not detected in any of our cases. In one case, a larger
retinectomy was required. This could be performed precisely with Vitesse by liquefying the retina with a stroke length
between 20 and 40 pm and a vacuum level of 20-120mmHg without unintentional removal of healthy tissue.

Postoperative Follow-Up

Dependent on the PVR/PDVR staging and the amount of efforts to reattach the retina, a gas tamponade could be used as
vitreous tamponade in 3 eyes (one case with PDVR A, one with PDVR B and one with PVR A). These patients all had
ophthalmologic findings within normal limits at the 1-month follow-up visit. The other 13 received silicone oil
tamponade. Out of the 13 patients who received silicone oil tamponade, 9 oil removal postoperatively. For these patients,
at the initial 1-month follow-up visit, no adverse events as iatrogenic retinal holes and retinal redetachment related to the
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Table 3 Results from Case-Specific Postoperative Questionnaire

PVR/PDVR Case Complications | Completed Inability | Instances of Instances | Adventitious Features Disadvantageous Additional Comments
Case Time During Completely | to Cut Incarceration | of Relative to Guillotine Features Relative
Procedure with Vitesse | Vitreous | of Vitreous in | Excessive | Cutter to Guillotine
Port Traction Cutter
| 2:54:57 | No Yes No No No Risk free trimming back of | Very gel-like vitreous Can be safely and efficiently be
PDVR C3 hole edges (soft) takes more time | approached after fluid to air exchange
to be removed with in a 100% air-filled vitreous cavity,
Vitesse compared to Indentation not needed. latrogenic
guillotine cutters retinal holes never detected
2 1:01:29 | No Yes No No No Risk free trimming back of | Vitesse mode needs None
PVR B hole edges 25% additional power
for core PPV
3 1:08:46 | No Yes Yes Yes No Safe but potentially delayed | None None
PVR DI core PPV
4 1:40:59 | Yes Yes Yes Yes Yes None The plastic Vitesse One cannula came off when removing
PVR DI cannulas slip out of a 23g laser probe and 23g cannula,
incision site easier vitrectomy under air continued
than titanium cannulas
5 1:16:52 | Yes Yes No No No Safe trimming back of all None None
PDVR B epi-retinal tissues
(proliferations)
6 1:17:08 | No Yes Yes Yes No Completing PPV under air Vitesse cannulas might | None
PDVR A need a flatter
insertion angle when
inserted
7 1:07:07 | No Yes Yes No No Completing PPV after early | None Potentially a flatter implantation angle.
PVR DI fluid—air exchange 25-gauge curved endorser through
23-gauge cannula may improve the
safety of the procedure
8 0:40:40 | No Yes No No No Separating vitreous from None None
PVR B even mobile retina
9 1:01:08 | No Yes No No No Precise iatrogenic drainage | None Earlier fluid-to-air exchange might
PVR B holes accelerate complete vitreous removal
10 1:29:48 | No Yes No No No No risk to incarcerate None None
PVR CI retina in Vitesse port

(Continued)

aro(q

[e 32 43|yanaQ


https://www.dovepress.com
https://www.dovepress.com

aa0(

9ILE

:sdyzy

91:720T A8ojowieyaydo eaund

Table 3 (Continued).

PVR/PDVR Case Complications | Completed Inability | Instances of Instances | Adventitious Features Disadvantageous Additional Comments
Case Time During Completely | to Cut Incarceration | of Relative to Guillotine Features Relative
Procedure with Vitesse | Vitreous | of Vitreousin | Excessive | Cutter to Guillotine
Port Traction Cutter
I 1:20:18 | No Yes Yes No No No risk to incarcerate More time-consuming | None
PVR C2 retina in Vitesse port removal of gel-like
peripheral vitreous
12 1:48:51 | No Yes Yes No No Very controlled, small More time-consuming | None
PVR B (Ando) iridectomy removal of gel-like
peripheral vitreous
13 1:04:40 | No Yes No No No Safe separation of scar None Combination of stroke and vacuum
PVR A tissue from fragile retina has to be adjusted to the density of
the vitreous, early fluid—air exchange
performed
14 1:23:07 | No Yes No No No Vitesse (pulse) mode takes | None Neovascularization elsewhere and
PDVR A advantage from staining or neovascularization at the disc can be
dusting the vitreous/blood, very precisely cut back with Vitesse
drug crystals)
15 1:05:09 | Yes Yes No No No Removal of necrotic hole Removal of gel-like None
PVR B edges vitreous is potentially
more time consuming
at least under water
fill
16 0:59:50 | No Yes Yes No No Step-for-step retinotomy None None
PVR CI can be designed for
subretinal strand delivery
first before enlargement
and subretinal fluid
drainage
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Table 4 Advantages and Limitations of Hypersonic Vitrectomy for Retinal Reattachment Surgery

Advantages Limitations Potential Solution

Less turbulence and vitreous traction due to Assessment of progress is challenging because Staining of vitreous with triamcinolone

liquefaction of vitreous and continuously open port | liquefaction in front of the probe is barely visible

design

Lower vacuum volumes Potentially more time-consuming Tip of Vitesse device is continuously
refined by B&L for improved
performance

Good safety profile for complete vitreous base Lack of stability of the plastic cannulas This could have been an isolated

shaving under air without indentation incident for that specific lot number of
probes

Safe and precise removal of necrotic tissue at the Potential to create vitreous pearls (dehydrated | Using an adjusted aspiration-stroke-

edge of a retinal tear vitreous strands) setup

Controlled retinectomy of precise size

Vitesse procedure'® were noted and oil removal was performed at 2-months postoperatively. At a 3-month follow-up post
initial surgery, all eyes were stable. The other 4 patient eyes that initially received silicone oil required prolonged silicone
oil tamponade due to their disease severity.

None of the patients had an eye pressure increase or hypotony after surgery in the first follow-up visit before
discharge. At the 1-month follow-up visit, 3 patients had a slightly elevated intraocular pressure, which could be
managed with topical anti-glaucoma therapy. After these 3 patients underwent silicone oil removal, their intraocular
pressure decreased back to normal levels without additional therapy. None of the patients developed any signs of
inflammation or endophthalmitis postoperatively. None of the adverse events noted were suspected to be related to
hypersonic vitrectomy.

Limitations and Challenges of Hypersonic Vitrectomy
Due to the hypersonic technique, plastic cannulas are necessary to avoid friction metal (handpiece) to metal (trocar).'® One
observation noted early on in the study was the lack of stability of the plastic cannulas. In 3 cases, this instability was
especially highlighted in the postoperative questionnaire completed by the surgeon. In 2 cases, 1 cannula was extruded and
had to be re-inserted into the eye. In the other case, the cannula was only partially extruded and could be replaced. After these
3 initial instances of instability, our center received a new shipment of cannulas with a new lot number. With the new
cannulas, one additional case of instability was experienced during a surgery in an eye with a deep eye socket.

Regarding the Vitesse device, out of 16 cases, there was only one instance of clinically relevant traction, but it was
without secondary complications (eg, retinal tear).

Vitesse had the potential to create unwanted vitreous pearls (dehydrated vitreous strands) in front of the target as
a result of a non-optimized combination of aspiration and stroke. In our cases, this could be resolved by adjusting the
aspiration-stroke-setup to the specific tissue density as described above. Table 4 includes a summary of the limitations,
advantages, and possible solutions of the use of Vitesse for hypersonic vitrectomy.

Discussion

Hypersonic vitrectomy is a novel innovation in the field of vitreoretinal surgery and provides an alternative to the
traditional pneumatic guillotine cutter method. Prior research on the use of hypersonic vitrectomy with Vitesse has shown
similar promising results regarding the safety and efficiency of the device.'®*'? Stanga et al'® published the first human
study using Vitesse on 20 patient eyes in India. In this study, surgeons were able to successfully perform peripheral
vitrectomy in 18 of 20 patient eyes using hypersonic vitrectomy. In one of the two unsuccessful attempts, the surgeon
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switched to a guillotine cutter device to complete the surgery. Blinder et al*' published a case series in the United States
including 64 human eyes that underwent hypersonic vitrectomy. This study reported that in 9 of 64 cases, vitrectomy
could not be completed entirely using the Vitesse device and that the surgeon switched to a pneumatic guillotine cutter

during the procedure. Romano et al*?

performed a prospective, multicentric, interventional study on 50 eyes using
hypersonic vitrectomy. In this study, 70% of the cases could be finished using hypersonic energy exclusively, in 30% the
vitrectomy was finished switching to a guillotine cutter.

We were able to utilize Vitesse for retinal reattachment surgery in PVR or PDVR cases for the entirety of all 16 cases
and at no point required conversion to the pneumatic guillotine cutter. In 1 out of 16 cases, there was an instance of
clinically relevant traction seen by the surgeon, but without secondary complications. Stanga et al reported 2 retinal tears'”
and 1 out of 64 cases developed an iatrogenic retinal break in Blinder’s study.”' In Romano’s study two iatrogenic retinal
breaks appeared.** Stanga et al performed no retinal reattachment surgeries with Vitesse and Blinder reported 23 cases. In
this case, all retinal detachments could be successfully reattached with hypersonic vitrectomy and repeat PPV was required
for recurrent retinal detachment in 2 patients. Romano et al performed surgery on 4 retinal detachments out of 50 cases.

In Blinder’s postoperative questionnaire, surgeons reported for 52% of cases that hypersonic vitrectomy was more
advantageous relative to the pneumatic guillotine cutter, and also highlighted its ability to perform smooth peripheral
shaving at the vitreous base.

Stanga et al reported in the first clinical cases that vitreous strands were present in the majority of cases.'® This was
better managed in Blinder’s and Romano’s study, which reported difficulties in cutting the vitreous and the presence of
vitreous strands in only 13%2' respectively in 10%>* of cases. With ongoing further clinical studies and machine
parameter adaptations, this issue may be minimized.

As described above, the Vitesse device is safe to use for vitrectomy. In 43.8% of cases with vitreous traction, surgeons
noted in their postoperative surveys that it seemed to be more time-consuming to use for a complete vitrectomy than the
guillotine cutter. The average time of procedure was 1 hour 20 min. Due to variations in case severity, procedure length
could not be objectively verified. There are two possible reasons for this potentially lengthier process. First, the process
might indeed take longer or second, and the action of liquifying is smoother in a way such that not all responses are
visible to the surgeon or observer.

A fluid—air exchange can be performed with Vitesse at any point during the liquefaction procedure once there is a core
cavity created. Hypersonic vitrectomy technology makes a vitrectomy under air in the vitreous both efficient and safe
simultaneously. In 37.5% of all cases, a vitrectomy under air with Vitesse was performed. All of these cases ran smoothly
and resulted in no complications (eg, bleeding or eye collapse).

Complete vitrectomy is crucial for retinal reattachment surgery, especially in more cumbersome cases with PVR/
PDVR activity. Here, well-defined retinotomies, relaxing incisions, and retinectomies have to be performed precisely.
Additionally, adequate vitreous base shaving is a requirement prior to performing a temporary silicone oil fill, which
helps to prevent recurrence of PVR. Therefore, the safety and efficacy profile for dissecting vitreous and necrotic retinal
tissue from vital retina using Vitesse will play a pronounced role.

With more experience using Vitesse, the user is able to finesse the correct combination of low aspiration and adapted
stroke length parameters to the tissue. This allows the surgeon to complete the vitreous liquefaction more completely and
with less complications. However, the user must be aware that in retinal detachment cases with dense, tractive vitreous,
the complete removal of the vitreous could be more time-consuming. The tip of the Vitesse device continues to be refined
for efficiency and optimal outcomes based on feedback from surgeons using the device.

Overall, the use of hypersonic technology allows to approach many procedural steps in retinal reattachment surgery in
a modified way adjusted to the individual pathology. As use and research pertaining to Vitesse continues, this hypersonic
technology has the potential to become more widely used in vitreous surgery, especially if the safety profile increases
while maintaining or improving efficiency.

Data Sharing Statement
The authors confirm that the data supporting the findings of this study are available within the article (Tables and Figures)
and its Supplementary Video.
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