Clinical Ophthalmology Dove

Evaluation of the Efficiency and Safety of a 27-Gauge
20,000 Cuts per Minute Vitreous Cutter

Yuta Doi, Yuki Muraoka (), Akitaka Tsujikawa

Department of Ophthalmology and Visual Sciences, Kyoto University Graduate School of Medicine, Kyoto, Japan

Correspondence: Yuki Muraoka, Department of Ophthalmology, Kyoto University Graduate School of Medicine, Sakyo-ku, Kyoto, 606-8507, Japan,
Tel +81 075-751-3250, Fax +81 075-752-0933, Email muraoka@kuhp.kyoto-u.ac.jp

Purpose: The aim of this study was to evaluate the efficiency and safety of a 27-gauge (G) 20,000 cuts per minute (cpm) vitreous
cutter in clinical settings.

Patients and Methods: This was a retrospective and observational study of 40 eyes of 40 patients with idiopathic epiretinal
membrane (ERM). Twenty patients (20 eyes) were treated using a 27G 10,000-cpm vitreous cutter (Advanced ULTRAVIT® Probe,
Alcon), whereas the remaining 20 patients (20 eyes) were treated using a 27G 20,000-cpm cutter (Hypervit® dual-blade probe, Alcon).
All the surgeries were performed by the same surgeon (YM). The time from the start of vitrectomy to the start of ERM peeling was
independently measured by two separate examiners using digital videos of each surgery. The average duration of vitrectomy was
calculated for each patient. Additionally, the data of the patients in the two groups were extracted from their medical and surgical
records and compared.

Results: The time from the initiation of vitrectomy until the start of ERM peeling was 184 + 56.9 and 152 + 39.5 s for the 10,000-cpm
and 20,000-cpm groups, respectively. The duration of vitrectomy was significantly shorter in the 20,000-cpm group than in the 10,000-
cpm group (p = 0.041). Postoperative vitreous hemorrhage was observed in one patient in the 10,000-cpm group, whereas no
complications were observed in the 20,000-cpm group.

Conclusion: In a clinical setting, the 27G 20,000-cpm vitreous cutter may have a higher safety profile and higher efficacy for vitreous
removal than that of the 27G 10,000-cpm vitreous cutter.
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Introduction

Since the introduction of minimally invasive vitreoretinal surgery in 1970 by Machemer,' considerable technological
progress has been made in the development of vitrectomy systems.> * It has been demonstrated that increasing the gauge
number of the vitreous cutter during vitrectomy results in a shorter duration of postoperative intraocular inflammation,
faster restoration of visual acuity, and reduction of intra- and postoperative complications.”

In 2010, Oshima et al introduced 27-gauge (G) vitreous surgery.” A cutting rate of 7500 cuts per minute (cpm) was
introduced in 2013, 10,000 cpm in 2017, and 20,000 cpm in 2020. Several reports have shown that a 27G cutter is
superior to a 25G cutter in terms of patient satisfaction and recovery of visual acuity, and thus a somewhat longer surgery
time, than that of the 25G cutter.'’

A 20,000-cpm dual-blade vitreous cutter, which is designed to prevent a decrease in vitreous flow, has been recently
developed. Previous reports indicate that a higher cutter speed can enhance the efficiency of vitreous aspiration. Indeed,
non-clinical studies have found that the vitreous aspiration flow achieved with a 20,000-cpm cutter is 25% higher than
that achieved with a 10,000-cpm cutter. Despite these promising findings, no studies have yet evaluated the efficiency
and safety of a 27G, 20,000-cpm cutter in clinical practice. This gap in the literature led us to investigate the performance
of this new cutter. Specifically, the aim of this study was to compare the efficiency and safety of a 27G, 20,000-cpm
cutter with those of a 27G, 10,000-cpm cutter in clinical practice.
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Materials and Methods

Study Design

This retrospective, observational study was performed using the medical and surgical records of 40 eyes of 40 patients
with idiopathic epiretinal membranes (ERM) who underwent vitreous surgery conducted using a 27G, 10,000-cpm
vitreous cutter (Advanced ULTRAVIT® Probe; Alcon) or a 27G, 20,000-cpm vitreous cutter (Hypervit® dual-blade
probe; Alcon) at Kyoto University from April 2020 to December 2021.

This study was conducted according to the tenets of the Declaration of Helsinki and was approved by the Ethics Committee of
Kyoto University Graduate School of Medicine (Kyoto, Japan). As this was a retrospective study, written informed consent was
not obtained from the patients; instead, a homepage with information on the purpose of this study was created for the patients to
read. The information on the homepage indicated that any patient could opt out of the study at any time via telephone, fax, or
email.

The inclusion criteria for the patients were as follows: (1) aged at least 40 years old; (2) underwent vitreous surgery
for ERM with posterior vitreous detachment; and (3) was followed up for at least 1 week after surgery. The exclusion
criteria were as follows: (1) history of intravitreal injection and/or vitreous surgery; (2) presence of asteroid hyalosis,
uveitis, retinal detachment, and/or retinal circulatory disease; and (3) vitreous surgery performed because of
a complication that arose during cataract surgery. This last exclusion criterion was applied because in some cataract
surgeries, damage to the posterior capsule may necessitate an anterior vitrectomy. In such cases, the core vitrectomy
duration can be shorter as the anterior vitreous has already been removed. To maintain consistency in our study, we chose
to exclude these cases as they could potentially skew the measurement of vitrectomy time.

All vitreous surgeries were performed by a single ophthalmologist (YM) using a four-port trocar cannula system
(Alcon Constellation Vision System; Alcon Laboratories, Fort Worth, Texas, USA). We specifically chose the four-port
system to enhance illumination and visibility during surgery, crucial aspects for the effective treatment of epiretinal
membranes. One of the ports was dedicated to a chandelier illumination system, which was utilized in all cases. Our
rationale for this choice was the belief that to fully leverage the benefits of the wide viewing system, it would be
advantageous to increase the area that can be simultaneously illuminated.

The settings for 27G, 20,000-cpm vitreous surgery were as follows: cutting rate, 20,000-cpm and straight aspiration, 0—650
mmHg. The settings for 27G, 10,000-cpm vitreous surgery were as follows: cutting rate, 10,000 cpm and straight aspiration,
0-650 mmHg. Intraocular pressure (IOP) was maintained at 25 mmHg irrespective of the mode of vitreous surgery performed.
The surgical microscope used during the surgeries was a Zeiss Hi-R 900 (Lumera) model. The internal limiting membrane
(ILM) was stained using brilliant blue G to differentiate ERM from ILM peeling. The ERM was carefully peeled off with the
intraocular forceps. The cut part was sutured if any leakage was observed after removal of the trocar.

The duration of vitrectomy was recorded and subsequently included as a parameter for evaluating the efficiency of the
10,000- and 20,000-cpm cutters. In this study, we determined the duration of vitrectomy for each patient using digital
video recordings of the surgeries. Specifically, the duration was calculated from the start of the vitrectomy until the
initiation of ERM peeling. This measurement was performed independently by two researchers (YD and YM) for each
surgery. We recorded each surgery and the duration of vitrectomy was measured once from each video by both
researchers. Consequently, two measurements were derived from each surgery. To obtain the mean duration of vitrectomy
for each patient, we averaged these two measurements. This methodology allowed us to derive a single mean duration
value for each patient, which we subsequently used in our analysis to compare the efficiency of the 10,000-cpm and
20,000-cpm vitreous cutters.

All patients underwent ophthalmological examinations at Kyoto University Hospital. The authors retrieved the
medical records of each patient and evaluated the following information: age, sex, preoperative logarithm of the
minimum angle of resolution (logMAR) visual acuity, preoperative IOP, axial length, intraoperative complications,
presence or absence of complications 1 day after surgery, the proportion of ports that required suture, logMAR visual
acuity 1 week after surgery, and presence of complications 1 week after surgery.
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Statistical Analysis

Data are presented as means + standard deviations. Visual acuity was measured using the Landolt chart and converted to
logMAR units. Paired t-tests were used to analyze the results of the 25G and 27G groups. Statistical significance was set
at 0.05.

Results

Forty patients met the inclusion criteria for this study. The characteristics of the patients included in this study are shown
in Table 1. There were no significant differences in age, sex, preoperative IOP, or axial length between the 10,000- and
20,000-cpm groups. Table 2 shows the comparisons of the clinical parameters of the 10,000-cpm and 20,000-cpm groups.

Duration of Surgery
The duration of vitrectomy was 184 + 57s for the 10,000-cpm group and 153 + 40s for the 20,000-cpm group. The
duration of vitrectomy in the 20,000-cpm group was significantly lesser than that in the 10,000-cpm group (p = 0.047).

Visual Acuity

There was no significant difference in preoperative logMAR visual acuity between the 20,000-cpm (0.16 + 0.19) and
10,000-cpm (0.10 + 0.14) groups (p = 0.48). In addition, there was no significant difference in postoperative logMAR
visual acuity 1 week after surgery between the 20,000-cpm (0.11 £ 0.24) and 10,000-cpm (0.16 £ 0.25) groups (p = 0.47).

Scleral Wound Closure
There was no significant difference between the 20,000- and 10,000-cpm groups in terms of the proportion of ports that
required suture (10,000 cpm: 19/80; 20,000 cpm: 25/80) (p = 0.48).

Changes in Intraocular Pressure
There was no significant difference in preoperative IOP between the 20,000-cpm (14.2 = 2.33) and 10,000-cpm (14.7 + 2.05)
groups (p = 0.44). Postoperative high IOP (>31 mmHg) or low IOP (<5 mmHg) was not observed in both groups.

Complications
One patient in the 10,000-cpm group had vitreous hemorrhage, whereas no patient in the 20,000-cpm group had any
postoperative complication (eg, retinal detachment).

Table | Characteristics of the Included Patients

27-Gauge Pars Plana Vitrectomy
10,000 cpm 20,000 cpm
Number of patients included (men/women) 20 (11/9) 20 (7/13)
Age (years) 70+ 10 66 +9
At initial visit
Mean logMAR visual acuity 0.11 +£0.14 0.16 + 0.19
Snellen visual acuity (range) 20/66-20/16 20/66-20/16
Intraocular pressure (mmHg) 14 + 2.1 14 +£23
Axial length (mm, range) 240+ 1.6 25.1 +23
20.16-26.25 22.35-31.42
Number of patients with pseudophakia 9 2
Presence of posterior vitreous detachment 20 20

Notes: Data are mean * standard deviation unless otherwise indicated.
Abbreviations: LogMAR, logarithm of minimum angle of resolution; cpm, cut per minute.
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Table 2 Comparisons of the Clinical Features of Patients in the 10,000- and 20,000-Cuts per Minute
Groups

27-Gauge Pars Plana Vitrectomy P value

10,000 cpm, N=20 20,000 cpm, N=20

Baseline features

Mean logMAR visual acuity 0.1 £0.14 0.16 £ 0.19 0.33
Snellen visual acuity 20/66-20/16 20/66-20/16 N.A.
IOP (mmHg) 14.7 + 2.05 142 +2.33 0.44
Simultaneous cataract surgery Il 18

Duration of vitrectomy (s) 184 + 57 153 + 40 0.047
Formation of intraoperative retinal break, n 0 0

Ports that required suture, n 19/80 25/80 0.48
One day after surgery

IOP (mmHg) 13+£38 14+ 45 0.47
IOP <5 mmHg, n (%) 0 0

IOP >30 mmHg, n (%) 0 0

Retinal break, n (%) 0 0

Vitreous hemorrhage, n (%) 1 (5%) 0 (0%)

Postoperative retinal detachment, n (%) 0 (0%) 0 (0%)

One week after surgery

Mean logMAR visual acuity 0.16 £ 0.25 0.11 +0.24 0.47
Snellen visual acuity

IOP (mmHg) 154 +3.79 I5.1 £ 291 0.75
IOP <5 mmHg, n (%) 0 0

IOP >30 mmHg, n (%) 0 0

Retinal break, n (%) 0 0

Notes: Data are mean * standard deviation unless otherwise indicated.
Abbreviations: LogMAR, logarithm of minimum angle of resolution; cpm, cut per minute; IOP, intraocular pressure.

Discussion

In this study, we evaluated and compared the efficiency and safety of the 27G, 20,000-cpm and 27G, 10,000-cpm
vitreous cutters through the retrospective analysis of the records of 40 eyes of 40 patients with ERM who underwent
vitrectomy. The results suggested that the 27G, 20,000-cpm cutter has the same safety profile as that of the 27G, 10,000-
cpm cutter but is slightly more efficient.

A previous non-clinical study using swine vitreous reported that the 27G, 20,000-cpm cutter could aspirate more
vitreous per unit time compared to the 27G, 10,000-cpm cutter.!! However, the effectiveness of the 27G, 20,000-cpm
cutter has not yet been evaluated in actual clinical practice. Though complications associated with 27G vitrectomy have
been reported,'? no comparisons of complications associated with the use of the 27G 20,000-cpm cutter or the 27G
10,000-cpm cutter have been documented.

In our study, the mean duration of surgery in the 20,000-cpm group was significantly shorter than that in the 10,000-
cpm group (Table 2). The 10,000-cpm cutter utilizes a single-blade structure, whereas the 20,000-cpm cutter features
a dual-blade structure, achieving 20,000 cpm as its inner cylinder drives the dual-blade structure 10,000 times.

Non-clinical studies have reported that the 27G dual-blade cutter achieves a higher aspiration flow rate in swine
vitreous compared to the 27G single-blade cutter.'""'* The duty cycle of the single-blade cutter decreases as the cut rate
increases, leading to a decrease in vitreous aspiration flow. Conversely, the duty cycle of the dual-blade cutter remains
consistent as the cut rate increases, resulting in an increased vitreous aspiration flow. In our study, the significantly
shorter duration of vitrectomy in the 20,000-cpm group, compared to the 10,000 cpm group, may be attributed to the
structural differences between these vitreous cutters.
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In this study, one patient in the 10,000-cpm group experienced vitreous hemorrhage 1 day after surgery. However, the
20,000-cpm group exhibited no postoperative complications. No patients in either group presented with intraoperative
retinal tear or postoperative retinal detachment. Given the limited sample size and the nature of our retrospective study, it
may not be statistically powered to detect rare complications. The beveled-tip cutters, used in both groups, are reported to
have a more proximal mean aspiration flow angle compared to flat-tip cutters,'* which could help mitigate retinal
movement during aspiration. This may have contributed to the absence of intraoperative retinal tears or postoperative
retinal detachments in both groups.

The duty cycle of the dual-blade cutter does not decrease even when the cut rate is increased, resulting in a more
stable suction flow rate compared to the single-blade cutter.'' Therefore, the 20,000-cpm cutter is expected to be
associated with a lower rate of complications, such as iatrogenic retinal tear or rhegmatogenous retinal detachment,
than the 10,000-cpm cutter. However, there were no significant differences in the occurrence of complications between
the two groups in this study. Suprachoroidal hemorrhage, a dreaded complication of vitrectomy,'> was not present in this
study. The short postoperative follow-up period and the rarity of both intraoperative retinal tear and retinal detachment
may explain this outcome.

The 27G cutter is reportedly useful for a variety of vitreoretinal surgery indications such as proliferative vitreoretino-
pathy requiring silicone oil and diametric tractional retinal detachment,'® while the 27G dual-blade cutter is also
suggested to be useful for treating dropped nucleus due to its ability to maintain a high aspiration flow rate.'” As
such, it is expected to be useful in all scenarios. As expected, there was no significant difference in wound suturing
between the two groups. The wound size was the same for patients treated with the 20,000-cpm cutter as for those treated
with the 10,000-cpm cutter. In 27G vitrectomy, wound leakage is reportedly not observed and suturing is not necessary.'®
The 27G cutter is shorter and weaker than the 25G cutter, necessitating more dynamic movements when shaving the
peripheral vitreous, which may result in larger, leakier wounds.'® As such, less experienced surgeons must use the 27G
cutter with caution.

Limitations

Our study does bear several limitations. Firstly, as a retrospective analysis, we could not rigorously control for patients’
conditions across groups. Secondly, the evaluation of vitrectomy duration, conducted through video recordings, might
lack precision. Thirdly, while our findings demonstrate significant differences in the performance of the two cutters, the
small sample size may limit their generalizability. Lastly, our short follow-up period restricts a comprehensive under-
standing of the long-term safety and effectiveness of these cutters.

Conclusion

This study indicates that the 27G, 20,000-cpm cutter may be more efficient than the 27G, 10,000-cpm cutter, while
presenting a similar safety profile. However, these findings should be interpreted cautiously and validated through larger,
prospective studies. A more comprehensive understanding of the long-term safety and effectiveness of these cutters
warrants the need for future studies with longer follow-up periods. In conclusion, our findings highlight the potential of
the 27G, 20,000-cpm cutter in vitrectomy and underscore the need for further research in this field.
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