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Abstract
Background  The aim of this study was to compare the safety and efficacy of 20,000 cuts per minute (cpm) with 
10,000 cpm in vitreous cutters.

Methods  This was a prospective, parallel, single masked randomized control trial comparing the 25 gauge 
20,000 cpm HYPERVIT Dual Blade from Alcon Laboratories, Fort Worth, TX, USA and 10,000 cpm ULTRAVIT vitrectomy 
cutter from Alcon Laboratories, Inc, Fort Worth, TX. Standard T-test by SPSS version 27 was used to compare efficiency 
and safety between two groups.

Results  In total 72 patients were recruited for the study and among them 71 patients completed the study. This 
study did not show any significant difference between 20,000 cpm probe and 10,000 cpm probe (p value = 0.347) 
for the core vitrectomy duration in all included eyes. The mean of core vitrectomy time was 269.28 s in the 25 
gauge 20,000 cpm group and 289.44 s in the 25 gauge 10,000 cpm group. However, by comparing the two systems 
operated on epiretinal membrane eyes, 20,000 cpm probe had a significantly shorter mean core vitrectomy time than 
10,000 cpm group (P = 0.03). The majority of all the patients had no intraoperative retinal tear (98.6.8%) and post-
operative retinal tear (95.8%). There were no intraoperative iatrogenic breaks, and 3 postoperative retinal tears with 
rhegmatogenous retinal detachment (RRD) were documented. All the retinal tears belongs to the 20,000 cpm group 
but no significant difference was found between the two groups in terms of retinal tear and complications.

Conclusions  25-gauge 20,000 cpm Hypervit dual blade showed a faster trend in vitrectomy time although this was 
not statistically significant in all included eyes. By comparing vitrectomy time operated on epiretinal membrane eyes, 
a significant shorter time was found in 25-gauge 20,000 cpm. With more efficient and faster vitrectomy systems, the 
effect of surgeon factor likely plays a larger role. Our study suggest that the two devices may have a similar efficacy 
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Background
Since the invention of the first vitreous cutter by Robert 
Machemer, there has been enormous advancement in 
the field of vitreoretinal surgery [1, 2]. Different vitrec-
tomy systems have been developed, including the his-
torical gold standard 20 gauge vitrectomy, followed by 
the 25 gauge, and now 27 gauge [3–6]. Small gauge inci-
sions provided multiple advantages in terms of wound 
construction, reduction of operation time, postoperative 
inflammation and complication rate [7]. The 25 gauge 
vitrectomy system continued to evolve after it was intro-
duced in 2002 in terms of cutting speed, cutting port sur-
face area enlargement and the internal shaft diameter [3, 
6, 8–11].

The increase in cutting rate tends to provide a shorter 
vitrectomy time and a better safety profile [8, 11–16]. 
Theoretically, the reduction of vitrectomy time is due 
to improvement in vitreous removal efficiency. This is 
achieved by cutting vitreous into smaller pieces, reducing 
viscosity and resistance of vitreous flow. Improvement in 
safety is due to the reduction of uncut vitreous entering 
the port, thus lower the traction generated on the adja-
cent retina. Ultimately, this may lessen the chance of an 
iatrogenic retinal break [3, 14–16]. Various clinical stud-
ies have investigated the safety and efficiency profile of 
different cutter speeds in 25-gauge vitrectomy system 
[8, 12, 13]. Rizzo et al. increased the cutting rate from 
1,500 cpm to 5,000 cpm and demonstrated a better effi-
ciency and safety profile [13]. The increase in cutting rate 
from 5,000 cpm to 7,500 cpm showed significant reduc-
tion in vitrectomy time but no difference in safety pro-
file [13]. No significant difference in vitrectomy time and 
complication rate was demonstrated in a recently pub-
lished study by comparing 10,000  cpm and 5,000  cpm, 
despite shorter mean vitrectomy time was shown [11]. 
The mild variation may be due to other contributing fac-
tors such as aspiration rate, cutter speed, pot size, duty 
cycle, ocular diseases and surgeon preferences [11, 17].

Duty cycle refers to the percentage of time probe port 
remains open. In old designs, it was adversely affected 
by the ultrahigh speed cutting [8]. Spring return mecha-
nism was a system used in the past. Increasing the cut-
ting rate will result in lowering the duty cycle in sprint 
return mechanism vitreous cutter [11]. A newer mecha-
nism, dual pneumatic drive technology was implemented 
a few years ago and allows a high cut rate without com-
promising the duty cycle [11, 18]. It provided vitrectomy 
system with a chance to achieve ultrahigh speed, up 

to 10,000–15,000 cpm [18]. Recently, a new dual blade 
design was introduced and the newly launched HYPER-
VIT Dual Blade is available in 25 and 27 gauge size. Due 
to the dual blade and additional port design, it is able to 
achieve a nearly continuous duty cycle and cuts twice per 
cycle [16]. Therefore, it is possible to cut at 20,000 cut per 
minute, twice the speed of Advanced ULTRAVIT Probe. 
It is also equipped with a bevelled tip, which allow a 
closer distance between the cutting port and retina when 
compared to standard flat-tipped probes.

Various non clinical studies had compared dual blade 
vitrectomy versus single blade in terms of flow dynam-
ics [16, 18–22] and demonstrated a better fluidic perfor-
mance. A retrospective study from Japan compared 27 
gauge 20,000 cpm and 10,000 cpm, showed a significant 
reduction in vitrectomy time. To our knowledge, there 
has yet to be a randomised control study comparing the 
efficiency and safety of a 25 gauge 20,000 cuts/min and a 
25 gauge 10,000 cuts/min vitrectomy.

Methods
This was a prospective, parallel, single masked ran-
domized control trial aiming to compare the 25 gauge 
20,000 cpm HYPERVIT Dual Blade from Alcon Labora-
tories, Fort Worth, TX, USA and 10,000  cpm ULTRA-
VIT vitrectomy cutter from Alcon Laboratories, Inc, 
Fort Worth, TX. The study took place in Grantham Hos-
pital and the Department of Ophthalmology in Queen 
Mary Hospital after gaining approval from the govern-
ing research and ethics committee (Institutional Review 
Board of the University of Hong Kong/Hospital Author-
ity Hong Kong West Cluster (“HKU/HA HKWC IRB”)) 
(UW21-384). This study adhered to the tenets of the Dec-
laration of Helsinki. The study was also registered with 
clinicaltrials. Gov (NCT05710458) and the Hong Kong 
West Cluster Ethics Board (UW21-384).

Patients over age of 18 requiring vitrectomy between 
July 2021 and July 2022 were recruited for this study. Sur-
gical indications include epiretinal membrane, macular 
hole, vitreous haemorrhage or primary retinal detach-
ment. A computer-generated randomization list was used 
for randomization of participants. Exclusion criteria for 
patients include eyes with ocular comorbidities affecting 
surgical view (e.g. corneal opacities), eyes with history 
of previous vitrectomy/scleral buckle surgery, trauma or 
requiring silicone oil, patient unable to give proper con-
sent, undergoing repeated retinal detachment surgery or 
surgery for tractional diabetic retinopathy.

and safety. However, further studies may be needed to compare the core vitrectomy time between them after 
excluding the surgeon factor influence.

Keywords  Vitrectomy, Core duration of vitrectomy, Intraoperative retinal tear, Post-operative retinal tear, 
Intraoperative complication, Postoperative complication
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Study procedures
All surgeries were performed by three qualified vitreo-
retinal surgeons. Prior to surgery, baseline ophthal-
mic examination including best corrected visual acuity 
(BCVA), intraocular pressure, and past medical history 
were assessed. Core vitrectomy duration and any com-
plications were recorded for each surgery. Core vitrec-
tomy duration was recorded as the duration the vitrector 
was activated by the Alcon Constellation® Vision system. 
Patients had follow-up for 3 months postoperatively to 
look for any postoperative complications. The primary 
outcome of the study was the duration of core vitrectomy 
while the secondary outcome was the intraoperative 
and postoperative complications. Core vitrectomy time 
was also compared between the two groups performed 
by each surgeon. Comparison of eyes with preoperative 
diagnosis of epiretinal membrane between Group A and 
B was performed. Complications and other incidents that 
was observed by study personnel or reported by the par-
ticipant were recorded in the subject data sheet. Compli-
cations were followed to an adequate resolution.

Statistical methods
We used SPSS version 27 for all our data analysis. Stan-
dard t-test was performed to compare the result between 
2 groups: 20,000  cpm and 10,000  cpm. A descriptive 
summary is presented for all study endpoints. All contin-
uous variables are presented with the following summary 
statistics: mean, standard deviation, median, min, max. 
For the comparison of the two groups, an independent 
T-test was performed. Categorical variables are sum-
marized by count and percentage. Comparison between 
groups was performed by Fisher’s exact test for categori-
cal variables.

Sample size justification
There is a comparative study looking at high speed vit-
rectomy cutters for the sample size calculation. Cesare 
M et al. 2015 reported the mean ± standard deviation of 
core vitrectomy time was 161.32 ± 39.10 s in the 25 gauge 
7,500  cpm Group and 184.10 ± 41.69  s in the 25 gauge 
5,000  cpm Standard Group [13]. The observed differ-
ence in mean core vitrectomy duration between subjects 

treated with 7,500 cpm probes and those in the Standard 
Group was 22  s. With the assumption, the higher cut-
ting speed (20,000 cpm) will take at least 25 s less time in 
doing the core vitrectomy than the 10,000 cpm group, at 
a one-sided 0.05 significant level, with a common stan-
dard deviation of 40.4  s, 24 patients at each group will 
have 80% power to achieve the study primary objective.

Results
A Total of 72 patients (72 eyes) were enrolled in the 
study (36 Group A: 20,000  cpm HYPERVIT Dual Blade 
and 36 Group B: 10,000  cpm ULTRAVIT vitrectomy 
cutter) (Table 1). The mean age for Group A and Group 
B was 68.9 and 70.3 years old respectively. Group A 
had 50% male and Group B had 61% male. Diagnoses 
included were 46 epiretinal membrane, 15 macular hole, 
9 vitreous haemorrhage and 2 retinal detachments. The 
majority of the patients underwent vitrectomy for ERM 
(69.4% for Group A and 58.3% for Group B) followed 
by full thickness macular hole (22.2% for Group A and 
19.4% for Group B). No significant difference was found 
between the two groups at baseline in terms of age and 
IOP. There was a significant difference between baseline 
BCVA (p-value = 0.044) and 3 months postoperative fol-
low-up BCVA (p-value = 0.034) between the two groups 
(Table 2).

The mean core vitrectomy time for Group A and 
B of all included patients was 269.28 ± 97.37  s and 
289.44 ± 82.89 s respectively (Fig. 1), (Table 2). The mean 
difference in core vitrectomy duration between the two 
groups was 20.16 s and the 95% confidence interval was 
2.9 to -5.9. Core vitrectomy duration for 20,000  cpm 
probe was not significantly shorter than 10,000  cpm 
probe (P = 0.347). Subgroup analysis of eyes performed 
by different surgeons also showed no significance dif-
ference between 20,000  cpm HYPERVIT Dual Blade 
and 10,000 com ULTRAVIT vitrectomy cutter. A total 
of three surgeons participated in our study. A total of 
19 eyes were operated by one of our surgeons, (11 eyes 
by 20,000  cpm HYPERVIT Dual Blade and 8 eyes by 
10,000  cpm ULTRAVIT vitrectomy cutter). The mean 
core vitrectomy time was 207.00 ± 87.90 vs. 233.00 ± 74.89 
respectively (P = 0.508). Another surgeon had operated 
on 22 eyes (11 eyes in each group). No significance dif-
ference was found between the two groups (20,000 cpm 
HYPERVIT Dual Blade: 327.09 ± 109.72 vs. 10,000  cpm 
ULTRAVIT vitrectomy cutter: 356.73 ± 90.62, P = 0.498). 
Similar results were also demonstrated in eyes operated 
by our last surgeon. The mean core vitrectomy time was 
272.79 ± 64.81 in 14 eyes from the 20,000  cpm HYPER-
VIT Dual Blade group and 272.47 ± 49.33 in 17 eyes 
from 10,000  cpm ULTRAVIT vitrectomy cutter group 
(P = 0.99).

Table 1  Baseline characteristics of all included patients
Characteristics Group A (n = 36) Group B (n = 36)
Age (mean ± SD) 68.78 ± 7.27 70.28 ± 11.08
Gender (M: F) 18:18 22:14
Eyes (R: L) 14:22 19:17
Preoperative Ocular Diagnosis:
Epiretinal Membrane, n(%) 25(69.4%) 21(58.3%)
Macular Hole, n(%) 8(22.2%) 7(19.4%)
Retinal Detachment, n(%) 1(2.8%) 1(2.8%)
Vitreous Haemorrhage, n(%) 2(5.6%) 7(19.4%)
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Among the 46 eyes with epiretinal membrane, 25 of 
them belongs to group A and 21 of them eyes belongs 
to group B (Table  3). The mean core vitrectomy dura-
tion in group A epiretinal membrane patients was 
241.00 ± 79.76  s while in group B epiretinal membrane 
patients was 291.19 ± 72.16 (P = 0.03). For the 15 eyes 
with macula hole, no significant difference was found 
when comparing Group A and Group B (P = 0.22, 8 vs. 
7 eyes). There was no significant difference found when 
comparing group A and B among patient with vitreous 
haemorrhage (P = 0.34, 2 vs. 7 eyes). While for RD, each 
group only had 1 eye included and the mean of core vit-
rectomy time was 361s in group A and 536 s in group B.

Subgroup analysis by comparing the two vitrectomy 
systems by individual surgeons was also done in epireti-
nal membrane eyes. One of the surgeons demonstrated 
a significant reduction in core vitrectomy time when 
comparing eyes operated on by 20,000 cpm HYPERVIT 
Dual Blade and 10,000 cpm ULTRAVIT vitrectomy cut-
ter (146 ± 32.63  s vs. 240.00 ± 77.31  s, 6 eyes vs. 3 eyes) 
(P = 0.032). However, for the other two surgeons, nei-
ther showed a significant difference in core vitrectomy 
time. 14 eyes were operated by surgeon X, the mean 
core vitrectomy time was 273.25 ± 70.98 s in 20,000 cpm 
HYPERVIT Dual Blade group and 351.00 ± 73.53  s in 
10,000  cpm ULTRAVIT vitrectomy cutter group (8 vs. 
6 eyes, P = 0.069). Moreover, the core vitrectomy time of 
surgeon Y was 269.36 ± 63.85 by 20,000 cpm HYPERVIT 
Dual Blade and 274.08 ± 54.22 by 10,000 cpm ULTRAVIT 
vitrectomy cutter (11 vs. 12 eyes, P = 0.85).

There was no significant difference between the two 
groups irrespective of the intraoperative and postopera-
tive complications (Table  4). There were no intraopera-
tive iatrogenic breaks. There was 1 case of retinal breaks 
that was discovered during internal search. There were 3 
cases of 3 postoperative retinal tear with RRD in group 
(A) No retinal tear incidents were recorded for group 
(B) Retinal tear found during the procedure were treated 
with endolaser. Both intraoperative and postoperative 
retinal tear were not significantly related irrespective of 
the vitrectomy probes.

Discussion
The new dual blade design enables the vitrectomy system 
to achieve a nearly continuous duty cycle and results in 
continuous aspiration and flow of vitreous. Duty cycle is 
one of the main factors that affect the flow rate of vitre-
ous humor [8]. The design of cutting twice in each cycle, 
further increases the number of cpm of the device. Apart 
from the recently launched 20,000 cpm HYPERVIT Dual 
Blade that was used in our study, other vitrectomy sys-
tems from different manufacturers had also implemented 
the double blade design. For example, the UNO Colorline 
MACH2 vitreous cutter was able to achieve 12,000 cpm, Ta
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the DORC TDC (Two Dimensional cutting) could 
achieve up to 16,000 cpm and the Bi-Blade could increase 
up to 15,000  cpm. In previous non-clinical studies, bet-
ter fluidics and flow rate were demonstrated in dual blade 
design than single blade design vitrectomy systems [16, 
18, 20–22]. One of the non-clinical studies, Inoue et al. 
showed a significant increase in aspiration rate by a 25 
guage dual blade cutter at 20,000  cpm when compared 
with single blade cutters at 10,000  cpm, by using same 
device with our study. One of the clinical studies, Pavli-
dis has demonstrated a faster core vitrectomy by using 
either a 25 or 27 guage DORC TDC when compared with 
single bladed standard vitrectome [23]. A retrospective 
study from Japan also demonstrated similar results [24]. 
High efficiency of vitreous removal was demonstrated in 
eyes using 27 gauge vitrectomy 20k cpm versus 10k cpm, 
same brand used in our study, but different gauge sized 
vitrectomy cutter. Interestingly, most of the findings of 
our study had demonstrated no significant difference in 
core vitrectomy duration between 25 gauge 20,000 cpm 
HYPERVIT Dual Blade and 10,000  cpm ULTRAVIT 

vitrectomy cutter, despite Group A showed a shorter 
mean core vitrectomy time than B and surgeons partici-
pated in our study had subjective feeling of better stabil-
ity and increase in efficacy in HYPERVIT Dual Blade.

Apart from the performance of the vitrectomy system, 
surgeon preference and performance may also affect the 
vitrectomy time. With more efficient and powerful vit-
rectomy systems, the surgeon becomes an important 
variable that can influence the surgical outcome, as much 
so as the vitrectomy system design [11]. In our study, 
measurement of the core vitrectomy time was recorded 
by the duration the vitrector was activated. Surgical tech-
niques vary and thus the timing of activation of the cutter 
varies as well. For example, some surgeons may activate 
the vitrector despite actively engaging with the vitreous. 
In order to eliminate this influence, our study had tried to 
perform subgroup analysis of Group A vs. Group B per-
formed by the same surgeon.

Practice of surgeon in performing core vitrectomy and 
peripheral vitrectomy simultaneously or separately in ret-
inal detachment / macular hole patients may also affect 

Fig. 1  Comparison of vitrectomy time in seconds between 20 K and 10 K in all included patients
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the core vitrectomy time. With regard to this, our study 
had compared group A and B among patients with only 
epiretinal membrane. The reason is that limited vitrec-
tomies instead of complete vitrectomies were performed 
in epiretinal membrane patients [25]. It was proven to be 
a time-efficient and effective procedure to perform lim-
ited vitrectomy in epiretinal membrane patients. Epreti-
nal membrane eyes operated by the new 20,000  cpm 
HYPERVIT Dual Blade had a significant shorter mean 
time for core vitrectomy than the older system. How-
ever, an important limitation was that after extracting 
eyes with epiretinal membrane, the number eyes was 
not able to reach 24 at each group, which was the sug-
gested number to achieve 80% power in C Mariotti et al. 
[13]. Furthermore, when comparing group A and group B 
epiretinal membrane eyes by the same surgeon, only one 
surgeon had a significant reduction in core vitrectomy 
time when using 25 gauge 20,000 cpm HYPERVIT Dual 
blade. Therefore, further studies may be needed to inves-
tigate difference between 25 gauge 20,000 cpm HYPER-
VIT Dual Blade and 10,000 cpm ULTRAVIT vitrectomy 
cutter in core vitrectomy time after excluding the sur-
geon factor.

One of the most important factors to be studied when 
considering a novel device is safety. The main benefit of 
higher cutting speed is it reduces the traction on retina 
by fragmenting vitreous into smaller pieces, prevent-
ing the uncut vitreous from going through the port. It 
intercepts the flow and attains “Port-based flow-limiting” 
vitrectomy. With a reduced pulse flow (volume per open-
close cycle), this achieves fluidic stability and reduces the 
motion of detached retina, creating less pulsatile traction 
to the attached retina [12]. Despite suture-less vitrectomy 
being a safe procedure, there are known complications 
such as retinal tear, hypotony, vitreous hemorrhage, reti-
nal detachment, and endophthalmitis [26–28]. Several 
studies showed a range from 2 to 14% of cases of a retinal 
break due to vitrectomy [12, 29, 30]. In our study we have 
3 cases of postoperative retinal tear with RRD in group 
A. No statistically significant differences between the 
two groups was demonstrated (intraoperative retinal tear 
P = 0.31, postoperative retinal tear P = 0.077). Among our 
three included surgeons, one of them had no intraopera-
tive or postoperative complications among all the cases. 
One surgeon had a case of postoperative retinal tear with 
RRD and the other remaining surgeon had two cases of 
postoperative retinal tear complicated by RRD.

The first case of postoperative retinal break with RRD 
was noted on postoperative day 11 after macular hole 
surgery. The patient had a history of macular hole with 
PPV done in the fellow eye, that was also complicated 
by retinal detachment postoperatively requiring PPV 
and silicone oil insertion. The patient was known to have 
abnormal vitreous. She developed a superonasal localized Ta
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RRD and was successfully treated with pneumatic retino-
pexy with intravitreal C3F8 and enjoys good vision. The 
second case of postoperative retinal detachment was 
noted on postoperative day 6 after epiretinal membrane 
peeling. Superior retinal breaks with a localized RRD 
were noted and successfully treated with PPV and intra-
vitreal C3F8. The third and final case of postoperative 
RRD was noted on postoperative day 10. The patient had 
vitreomacular traction with epiretinal membrane, and 
membrane peeling with intravitreal SF6 injection was 
performed. On day 10 post-operatively, choroidal effu-
sion and inferior bullous RRD was noted. He was treated 
with PPV and C3F8 but developed redetachment, requir-
ing silicone oil insertion.

Surgeon performance and surgical outcome may 
appear relatively easy to assess based on complication 
rate, however, complexity of cases and nuances of pathol-
ogies allowed for. The first particular case had a history of 
abnormal vitreous, bilateral macular holes, and a history 
of RRD following surgery in the fellow eye.

Another key factor is the relation between surgical 
experience and outcome. Evidence has shown that higher 
volumes of surgical work and activity correlate with bet-
ter outcomes [31, 32]. Of the 3 surgeons included in the 
study, 2 possess over 15 years of vitreoretinal experi-
ence and combined for only 1 postoperative complica-
tion. Although well trained and highly motivated, errors 
in surgery do occur and surgeons are fallible, especially 
when equipped with less experience.

Our study confirms that the 25 gauge 20,000  cpm 
Hypervit dual blade has similar efficacy and safety as 
compared to the 10,000  cpm Ultravit vitrectomy cutter. 
However, limitations were present. Bias may have been 
induced as this was a single-masked randomized trial, 
and surgeons were aware of the group and the vitrec-
tomy probe they used. Other limitations include the het-
erogeneity of ocular pathology and surgeons. Moreover, 
despite having three qualified vitreoretinal surgeons, sur-
gical experience and preference varied. There may also be 
a learning curve to the new 20,000 cpm Hypervit probe 
as surgical settings may also require fine-tuning. To the 
best of our knowledge to date, there is no prospective 
randomized controlled trial to show the non-inferiority 
of intraoperative and postoperative complication, and the 
comparison of core duration of vitrectomy between 25 
gauge 20,000 cpm probe and 10,000 cpm probe.

Conclusion
25-gauge 20,000  cpm Hypervit dual blade and the 
10,000  cpm Ultravit cutters are both similarly safe and 
efficient options for vitrectomy in various vitreoretinal 
indications. 25-gauge 20,000 cpm may have a higher effi-
ciency when operated on epiretinal membrane eyes. The 
limiting factor of vitrectomy time are likely related to 
surgeon preference and technique or case by case com-
plexity rather than the cutter design. Our study suggests 
that further studies may be needed to find significant dif-
ferences in core vitrectomy time between the two cutters 
after excluding the surgeon factor influence.
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Table 4  Complication rate of all included patients
Group 1 Group 2 Percentage Exact. Sig. (2-sided)

(Fisher’s exact test)Group 1 Group 2
IntraOp_Retinal Tear 1 0 2.8% 0% 0.314
PostOp_Retinal Tear 3 0 8.3% 0% 0.077
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