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Background: Minimally invasive transconjunctival sutureless vitrectomy (MIVS) has
evolved into the standard of care, smaller incisions thought to result in lower ocular surface
trauma and shorter times to recovery. The currently most relevant limitations in macular
surgery may be light intensity and 27G instrument stability. Therefore, we thought to
compare standard 23 and 27G vitrectomy with a hybrid technique using one 23G and two
27G ports regarding surgical times and short-term outcomes.

Methods: This retrospective comparison included 90 single-center consecutive cases of
eyes undergoing elective micro-invasive vitrectomy for epiretinal membranes or idiopathic
macular holes between October 2017 and June 2018. The main criteria for the comparison
were total surgical time as primary outcome parameter and treatment-demanding intra- and
postoperative complications along with recovery of best-corrected visual acuity (BCVA) and
central retinal thickness (CRT) from prior to surgery to 1 month thereafter as secondary
parameters as independent parameters for the recovery from the pre-existing pathology and
the surgical trauma.

Results: Surgical times were shorter with 23G and 23/27G compared to 27G (23G: 38.4
+13.1; 27G: 48.1+15.3; 23/27G: 34.9£9 mins; p=0.0005) with no differences in BCVA and
CRT outcomes. Switching from 27G to a larger port size was not necessary in any instance.
Cryotherapy was applied in 15%, 30%, and 22.5% to suspected retinal pathologies, beyond
these, in 5%, 0%, and 7.5% for retinal tears. Four postoperative retinal detachments occurred
(4.4%), one in the 23G and three in the 23/27G group requiring re-vitrectomy.
Conclusion: In this exploratory case series, 23/27G hybrid vitrectomy, combining the
advantages of 23G and 27G techniques, resulted in shorter surgical times without evident
disadvantages. The combination with cataract surgery was unproblematic.

Keywords: vitrectomy, hybrid, 27-gauge, surgical time, epiretinal membrane, inner limiting
membrane, peeling

Introduction

Since its first description over a decade ago,' minimally invasive transconjunctival
sutureless vitrectomy (MIVS) has evolved into the standard of care™ even in
complex retinal pathologies such as tractional diabetic retinal detachment® ™ or
advanced proliferative vitreoretinopathy (PVR).” Meanwhile, the combination of
MIVS and small-incision phacoemulsification has become the standard of care in
phakic eyes with coexisting cataract and retinal pathology'® allowing better access
to the vitreal base and faster visual recovery without requiring a second operation
after cataract progression.''"'> The 20-gauge (20G) standard of the 1980s and 1990s
has gotten progressively smaller and is now routinely available as 27G mostly due
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to technical improvements such as the introduction of
pneumatically driven single-use continuous flow dual
blade cutters and the use of disposable instruments with
material properties that allow precise control of shear
forces.'® In addition to these technological cornerstones,
a further improvement came through the introduction of
trocar systems that reduce the risk of entry site breaks.'*
An increased cutting speed as well as minimized tractional
forces to the vitreal base and retinal periphery reduce the
risk of postoperative retinal detachment despite shorter
surgical times.”® As smaller sclerotomy size leads to
lower surgical trauma to the ocular surface," efforts are
underway to further reduce the size beyond 27G.'>'¢'8
Despite having theoretical advantages,'® 27G vitrect-
omy has not generally been accepted as the new MIVS
standard. This may be related to technical challenges
resulting from the small opening of the cutter, namely
detaching a strongly adherent vitreous, particularly in
younger individuals, and cutting back the vitreal base.
Despite recent improvements, the limited instrument sta-
bility may interfere with the mechanical force that can be
applied to a stretched and adherent epiretinal membrane or
to epi- and subretinal proliferations before they tear.”'®'"”
From the authors’ own personal experience, the damage to
the underlying inner retina appears to correlate — surgeon-
related factors apart — with the design of the forceps tip
and particularly the sharpness of the tip edges. This
increased sharpness may also lead to focal trauma when
picking tissue. Generally, the smaller the forceps diameter,
the sharper the edges of the branches and the more likely
they are to produce a cutting effect. This complicates the
picking and lifting of stretched and thickened inner limit-
ing membranes (ILM) from the inner retinal surface with-
out inflicting grip damage and spot bleedings or even
tearing the epiretinal membranes and the ILM, in particu-
lar, requiring repeated grasping with 27G instruments
compared to 23G instrumentation.'® Smaller gauge vitrect-
omy extends the otherwise short peeling process which
may increase surgical trauma to the macula with more spot
hemorrhages indicating increased focal inner retinal
stretching and damage, even with experienced surgeons.
To address these issues, surgeons may need to switch to
larger sclerotomy diameters intraoperatively (published
values state that this occurs in 25% to 41% of very small
incision surgeries).”**! Despite reports that the problem
of insufficient illumination, as a result of ever smaller
diameters of optical fibers used, has been resolved through

7

technical advances,'’ others report an increased use of

chandelier illumination in bimanual vitrectomy.'”** To
avoid having to switch sclerotomy diameters intraopera-
tively and optimize outcomes, some authors considered
mixing different sizes of small gauge vitrectomy depend-
ing on the specific surgical needs.>%**

The performance of new developments in vitrectomy,
namely smaller gauge instrumentation, must be compared
to existing technologies with regard to vitrectomy duration
and safety outcomes. The latter are particularly difficult to
assess if the outcome affects macular structure rather than
retinal stability, but in these cases, early recovery of visual
acuity may be a qualified indicator of surgical trauma. In
this study, we compare two standard vitrectomy techni-
ques, namely 23 and 27G, to a hybrid technique using one
23G and two 27G ports. Vitrectomy was combined with
small incision cataract surgery in phakic instances. The
different techniques are compared using surgical times,
intraoperative and early postoperative complications, and
short-term visual and anatomical outcomes as the main
criteria.

Methods

Our dataset consists of 153 consecutive eyes that under-
went vitrectomy (MIVS) by the same surgeon in retro-
bulbar anesthesia in a single-center setting (Berner
Augenklinik am Lindenhofspital, Bern, Switzerland) dur-
ing an 8-month period that ended on June 4™, 2018. In
phakic instances, MIVS was combined with small incision
(2.2 mm) phacoemulsification and placement of an intrao-
cular lens into a capsular bag.

Out of a total of 153 eyes operated in total during this
period, 90 eyes (90 patients) received primary elective
vitrectomy for a functionally relevant macular pathology,
i.e., epiretinal membrane or macular hole, and were there-
fore included in this retrospective comparison, assigning
them to three different groups based on the technique used
in the procedure: (i) 23G (n=20), (ii) 27G (n=30), and (iii)
23/277G hybrid (n=40). These three procedures were com-
bined with phacoemulsification in 13 (65%), 19 (63.3%),
and 24 instances (60.0%), respectively. From all eyes,
preoperative best-corrected Snellen visual acuity (BCVA)
and OCT-quantified central retinal thickness (CRT) were
recorded prior to surgery and again 1 month thereafter,
along with the surgical time, intraoperative complications,
and early postoperative complications during the first 6
months. For the purposes of our analysis, preoperative
CRT measurements in eyes with macular holes (MH)
were excluded from the analysis.
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The remaining 63 eyes from our dataset of 153 cases
were operated for retinal detachment (n=27), PVR-asso-
ciated retinal re-detachment (n=13), silicone oil tampo-
nade after PVR-associated retinal detachment (n=12), as
well as PDR with or without vitreal hemorrhage and other
retinal pathologies including myopic macular holes, reo-
pened macular holes, non-diabetic vitreous hemorrhage,
dropped nucleus and intraocular lens, inflammatory retino-
vascular proliferation-associated PVR, and subretinal
hemorrhage (n=11). While these 63 cases were not
included in the primary outcome assessment, they contrib-
uted to our overall experience from which we report our
insights regarding technical recommendations and poten-
tial limitations of each of the three techniques.

We used 23-gauge standard and 27-gauge ultraspeed
transformer microincisional vitrectomy surgery systems
with a valved cannula,>* as well as commercially available
double-cutting probes with constant flow properties® at
standard cutting rates of 2500 cpm (23G) and 8000 cpm
(27G and 23/27G). The infusion heights were 80 cm (23G)
and 100 cm (27G and 23/27G) while applying suctions of
250 mmHg (23G) and 400 mmHg (27G and 23/27G) using
a Venturi pump system in combination with beveled 2-step
Trocar systems for the sclerotomies.” In the hybrid setup,
one 23G instrument port was inserted at the right upper
sclerotomy and two 27G ports were placed at the superior
left and temporal inferior sclerotomies for 27G infusion
and illumination. A DORC® Bright Star 27G illumination
system was used as the main light source. All eyes
received a complete vitrectomy including vitreous base
resection under fluid and air, followed by indentation and
application of cryotherapy to peripheral sites whenever the
possibility of a break could not be fully excluded (sus-
pected retinal break), e.g., in the presence of an intraretinal
hemorrhage. Epiretinal membrane (ERM) and inner limit-
ing membrane (ILM) peeling was affected in the area of
the optic nerve head and the vessel arcades after staining
of the membranes with trypan blue (Membrane Blue,
DORC® Instruments, Zuidland, the Netherlands).

The primary endpoint was defined as the duration of
MIVS. As there were cases when MIVS was combined
with cataract surgery, we calculated the mean duration of
these combined procedures and subtracted the mean dura-
tion of procedures that did not involve cataract surgery to
obtain an estimate for the average surgical time of cataract
procedures (8 mins) which could then be subtracted from
the surgical time of the combined surgeries to obtain the
surgical time of MIVS only. Change in visual acuity and

OCT-based central foveal thickness (CRT) were chosen as
the secondary endpoint. The intra- and postoperative com-
plications (up to 6 months of follow up) were not com-
pared statistically due to the small event numbers.

Complications arising and being uncovered during the
full eye examination on day 1 to 1 month were registered.
For the purpose of this study, we recorded any complica-
tions requiring treatment.

All patients were above 18 years of age at the time of
sampling and had signed informed general consent
approving the use of their coded data collected during
their therapy at our institution and documented in the
institutional eCRF for quality control and scientific pur-
poses which was approved by the institutional ethics com-
mittee (Kantonale Ethik-Kommission Bern, registration
numbers 152/08 and 2019-00651). The study strictly
adhered to the tenets of the Declaration of Helsinki.

Statistics

For statistical purposes, best-corrected Snellen visual
acuity (BCVA) was converted into ETDRS letter scores
with 85 letters reflecting an angle of 1 arc minute or a
BCVA of 20/20. Results are presented as mean values and
one standard deviation. Since the data were not normally
distributed, we used nonparametric tests for the analyses.
The Wilcoxon sign-rank test was used to test for change
over time within each group. For inter-group comparisons,
we used the Kruskal-Wallis H-test based on a discrimina-
tion level of p<0.05 for statistical significance.

Results

All three groups had similar ages (23G: 71.6+8.4 years; 27G:
70.4+8.1 years; 23/27G: 70.34+6.3 years; p=0.68), gender dis-
tribution (p=0.84), and percentages of phakic eyes (23G: 65%;
27G: 63.3%; 23/27G: 60.0%; p=0.92). Surgical times were
as follows: 23G: 38.4+13.1 (22-70) min; 27G: 48.1+15.3
(26-80) min; 23/27G: 34.9£9.6 (20-66) min (p=0.0005;
Figure 1). The 23G and 23/27G groups showed statistically
similar surgical times (p=1.0) and surgical times that were
significantly shorter compared to the 27G group (23G vs
27G: p=0.047; 23/27G vs 27G; p=0.0005). This difference
was not explained by a similar distribution of MH cases
between the groups (6 in the 23G group (30.0%), 14 (46.7%)
in the 27G group, and 13 (32.5%) in the 23/27G). Neither
visual acuity at any point of time (Figure 2), nor visual gain
after 1 month (23G: 12.3 letters; 27G: 8.8 letters; 23/27G: 11.6
letters; p=0. 48) differed between the groups. Due to censoring
preoperative CRT values in instances with macular holes and
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Figure | 23G versus 27G and hybrid 23/27G minimally invasive vitrectomy: surgical
times for vitrectomy (those procedures that had been combined with cataract
surgery were included after subtracting the estimated average duration of 8 mins

for cataract component).
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Figure 2 23G versus 27G and hybrid 23/27G minimally invasive vitrectomy: evolu-
tion of best-corrected visual acuity from before until | month after surgery. There
were no significant differences between the groups.

an uneven distribution of eyes with macular holes among the
groups, the preoperative CRT readings were comparable
(p>0.05) but postoperatively they differed significantly 1
month after surgery (p=0.029).

Switching from 27G to a larger port size or suturing of
sclerotomies was not necessary in any instance. Seventy
percent of 27G and 23/27G as well as 80% of 23G proce-
dures were without complications. Early postoperative
hypotony or bleeding or fibrin exudation were never
recorded. Of a total of four postoperative retinal detach-
ments (4.4%), two were recurrences of intraoperatively
treated beginning detachments in cases of a taut vitreal
base in macular holes, one was associated with a capsular
rupture during lens replacement, and one newly developed
(Table 1). In addition, one persistent macular hole required
re-vitrectomy 2 months after the primary surgery (23G
group) and one choroidal neovascularisation newly devel-
oped 2 months after surgery with preoperative high-risk
dry AMD and extensive epiretinal fibrosis.*’

Table 1 23G versus 27G and Hybrid 23/27G Minimally Invasive
Vitrectomy: Intra- and Early Perioperative Complications

23G 27G 23/27G
(n=20) (n=30) (n=40)
No complication 16 (80%) | 21 (70%) | 28 (70%)
Suspected retinal pathology' | 3 (15%) 9 (30%) 9 (22.5%)
Intraoperative retinal tear | | (5%) 0 3 (7.5%)
or RD
Postoperative RD I (5%)° 0 3 (7.5%)*

Notes: 'the majority of suspected breaks were confuted through cryotherapy. °One
recurrent RD after treatment of an intraoperative RD. *One postoperative RD, one
recurrent RD after treatment of an intraoperative RD, one postoperative RD after
capsular rupture, no intraoperative breaks.

Abbreviation: RD: retinal detachment.

No severe inflammation was recorded. Sclerotomy leak-
age was regularly present on day 1, but never required sutur-
ing. IOP was usually low but did not need treatment in any
instance. No major intraocular hemorrhage (i.e. not sponta-
neously resolving within 1 week) was noted. The majority of
cases were hospitalized for 24 hrs after surgery and received
a systematic pain prophylaxis with metamizole 1-2g during
the first postoperative hours, but not thereafter, no patient
required more than paracetamol 500-mg tablets after dis-
charge from hospital.

Discussion

In this study, we report a direct comparison of surgical
times, technical advantages, and challenges associated
with the hybrid 23/27G vitrectomy technique compared
to standard 23G and 27G procedures. The stiffness of the
23G Tano microforceps clearly facilitated a less traumatic
peeling process compared to the more flexible and thus
less precise disposable end-gripping 27G forceps, the
higher flexibility of its light pipe and vitrectomy cutter
may impede access to the vitreal base.

While the 23G vitrectomy technique was rapidly
accepted after its introduction,”® 25G, which was launched
only a few years later, was not met with the same enthusiasm,
and 27G, the most recent innovation, found even less
approval among vitreoretinal surgeons, possibly due to the
inherent limitations associated with this technique (material
stability, limited light intensity and access to the vitreal
base).?”*® Particularly, the light limitation problem is sup-
ported by findings that many surgeons who use the 27G
technique still use a twin-light chandelier as an additional
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light source to achieve sufficient contrast and to allow biman-
ual working."

The idea of combining different sclerotomy sizes is not
new and was possibly motivated by the fact that small-size
high-speed cutters tend to produce less vitreoretinal traction
and thus carry a lower risk of inducing retinal breaks while
allowing vitreous removal with high efficacy.'* The term
“hybrid vitrectomy” was coined for the simultaneous use of
sclerotomies of different diameters. This approach can utilize
the strengths inherent to each technique while trying to mini-
mize its known limitations. Initially, a combination of 20/23G
hybrid technique was used,” while combinations of
20/23G,>%3° 20/25G,”?° 23/27G” and 25/27G'**" appeared
later on for specific surgical situations. Based on our own
clinical experience, we would estimate that the 23/27G tech-
nique can be used successfully in 90% of routine vitrectomies.
To explore its technical advantages and limitations,”’ we
applied this hybrid technique to uncomplicated and PVR-
complicated retinal detachment cases (40 eyes), silicone oil
removal combined with membrane peeling (12 instances), and
other indications such as retained lens fragment or IOL in
combination with secondary IOL placement, tractional dia-
betic retinal detachment, and others (11 eyes). Compared to
23@, the 23/27G hybrid in our experience presented many
advantages, while the presence of a 23G port reduced the
limitations inherent in the pure 27G technique as was pub-
lished before” (Table 2). By using an external light source
(Bright Star), the light was never limiting, and a chandelier
illumination not required. Nevertheless, roughly 10% of light
ducts had to be replaced due to low output without visible fiber
breaks.

Table 2 Advantages Experienced with Hybrid 23/27G Vitrectomy
Compared to 23G and 27G

Advantages Disadvantages

Shorter surgical times than 27G Insufficient light source

Less trauma to the ocular surface 27G expertise and equipment

No complete air or gas tamponade
required

Requires at most | suture for

silicone oil installation or removal

No problem with combined
anterior and posterior segment

interventions

No switching to larger port size

necessary

Apart from shorter surgical times, the main advantages that
we perceived include the availability of optional partial gas or
air filling and a smoother ocular surface with less subconjunc-
tival gas and hemorrhaging on the first day, although perio-
perative patient discomfort and pain have never been an issue
with the 23G technique.'® Particularly in cases requiring sili-
cone oil instillation or removal, did we find the hybrid techni-
que easy to use with only a single (23G) sclerotomy requiring
suturing (Table 2).>' As a result, the benefit of this technique
may, namely, be of interest for outpatient surgery. Based on a
partial air or gas filling, none of the self-sealing angulated 27G
sclerotomies required any suturing.'® While some authors
suggested that air or gas filling may not always be required,*
we used it in all our procedures. We never had to switch to
larger port sizes and adopting an infusion height of 100 cm
proved to be helpful for achieving a stable intraoperative
situation.*

One major disadvantage of the 27G technique is the
lower stability of its light pipe and cutter, which limits access
to and impedes complete removal of the vitreal basis. It is
unclear whether this caused the increased need for cryother-
apy in the 27G and 23/27G procedures (30% and 22.5%
compared to 15% in the 23G group).** As the number of
confirmed breaks was not recorded, we cannot provide a
more conclusive interpretation. Nevertheless, the incidence
of anterior retinal pathologies requiring treatment concurs
with several other reports using the 20G and 23G vitrectomy.
We found two retinal detachments intraoperatively in the 23/
27G group and three in the postoperative course (one of
which a recurrence of an intraoperative detachment). Our
overall rate of postoperative retinal detachments is again in
good agreement with earlier reports.?®> The primary inten-
tion of this retrospective pilot study was to assess the surgical
efficacy despite complete vitreous removal including its base
as far as possible. This retrospective analysis was by far
underpowered to allow any comment on differences in the
safety between the mentioned techniques.

In conclusion, the hybrid 23/27G vitrectomy technique
appears to be a straightforward and highly efficacious tech-
nique that should be suitable for the vast majority of standard
and complex vitreoretinal situations, including dropped
nucleus or luxated intraocular lens and most tractional retinal
detachments complicated by PVR and PDR. We found it to
be the ideal compromise, facilitating short surgical times that
are comparable to the 23G technique without any evident
technical disadvantages. We would encourage industry part-
ners to consider providing off-the-shelf mixed 23/27G
packages in order to reduce the costs of this high-quality.
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