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State of the Art

Complete vitreous removal is mandatory for successful 
vitreoretinal surgery performed for any indication: retinal 
detachment, macular hole [1], epiretinal membrane [2], and vitreous 
hemorrhage [3]. Accuracy in vitreous removal is indeed crucial 
to avoid tractional forces in the vitreous cavity that could lead to 
rhegmatogenous detachment or recurrence [4]. Many techniques 
have been developed to perform vitrectomy phases and several 
surgical instruments and vitreous substitutes have been introduced 
to optimize the vitreous removal and retina stabilization to reduce 
complications. One of the pivotal tools in vitreoretinal surgery is 
the vitrectome. This device allows effective removal of the hyaloid 
and vitreous base, core vitrectomy and membranes cutting. The 
key features of vitreous cutters are the blade design, the duty cycle, 
the cutting speed, and the tip-to-port distance. They were modified 
by technological developments in order to increase accuracy and 
reduce retinal traction [5]. Another important aid is given by 
unconventional vitreous substitutes, such as perfluorocarbon-
perfused [6], silicone oil [7] and air [8,9], that have been previously 
described. Surgeons can opt for their preferred combination 
according to personal experience and habits to guarantee higher 
precision, safety and efficacy. Particularly, vitreo-retinal surgery 
under air is increasing popularity among surgeons. Conventionally, 
during vitrectomy under fluid, the balanced saline solution (BSS)-
air exchange is performed after the vitreous base shaving to drain 
subretinal fluid and perform endolaser. Instead, vitrectomy under 
air technique involves an early BSS-air exchange: after the core 
and mid-peripheral vitrectomy (performed under BSS) and before 
vitreous base shaving [10]. This surgical choice provides many  

 
advantages guaranteed by physical characteristics of air, which 
are furtherly enhanced by the use of bi-blade cutter (Bausch & 
Lomb, MI, Italy) for thorough vitreous removal [11]. Therefore, we 
encourage the air-infused bi-blade vitrectomy with 23-25 gauge 
instrumentation for its advantages over a traditional technique 
in terms of vitreous visualization, effective vitrectomy time, 
without significant increase in intraoperative and postoperative 
complication rate.

The Advantages and Disadvantages of the Technique

Surgeons are used to evaluate pros and cons on surgical 
management of complex cases, and vitreoretinal surgery is never 
to be underestimated. The main concern in this kind of surgery is 
to avoid  iatrogenic retinal breaks, incomplete vitreous removal and 
intraoperative hypotony [12]. Many advantages of the technique 
can be attributed to the physical properties of air [10] and the 
functioning of the bi-blade cutter [13]. Appropriate visualization, 
especially of the peripheral retina is mandatory for any successful 
vitreo-retinal surgery and a complete vitreous base shaving. 
Many factors contribute to the sharpness and clarity of surgeon’s 
vision: phakic or pseudophakic eye, pupil dilation and presence 
of any corneal or lens opacity [13]. Continuous infusion of BSS is 
commonly used to fill the vitreous chamber during surgery, but 
air has physical properties with many advantages over BSS in 
certain conditions. Difference in refractive index between air and 
BSS (1.00 versus 1.33) accounts for the wider field of visualization, 
which is useful, especially in narrow pupils. Another advantage 
is the physical impossibility of mixing air and vitreous (unlike 
BSS and vitreous, being  both water-based structures). These 
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characteristics make the air–vitreous interface more recognizable 
and visible compared with the BSS–vitreous interface, permitting 
easier and wider vitreous base visualization and allowing for an 
accurate and complete vitrectomy [10], without requirement for 
staining substances, like triamcinolone . In addition, under air, the 
clear visualisation of the vitreous column entering the cutter is 
even more recognizable thanks to the bi-blade cutter continuous 
aspiration. Another important advantage is the air’s surface tension, 
which not only furtherly improves vitreous visualization, but limits 
the vitrectome aspiration force in between cuts during shaving 
maneuvers. This reduces risk of iatrogenic ruptures and permits a 
safer and more precise vitrectomy. Furthermore, in vitreous cavity 
air pushes the retina towards the sclera reducing its mobility and 
allowing the subretinal fluid outflow.  So, vitreous base shaving 
under air permits much more stability of the retina if compared to 
the under BSS technique. The retina stability is even strengthened 
when the technique under air is associated to bi-blade cutter, if 
compared to the single blade vitrectomy. 

When combined with the employment of bi-blade cutter, 
the advantages of vitreous base shaving under air are furtherly 
increased, in a synergic effect. The standard vitreous cutter design 
is characterized by a regular blade, which has a single port crossed 
by a single blade. In a duty cycle, the port changes from being 
completely open to completely closed, generating  an inconsistent 
flow which is maximum when the port is open and null when the 
port is obstructed by the blade. The flow is then alternate and retinal 
traction can occur when the flow is interrupted. New generation 
vitreous cutters are named constant flow blade, because the dual 
blade design allows the port to be never completely obstructed, as 
a consequence, the flow is continuous and consistent. Furthermore, 
the cut rate is doubled and so the cutting speed. The aspiration flow 
is consistent due to the rapid cycle of opening and closing of the port, 
characterized by a cut rate up to 15.000 cuts per minute. The flow 
is not only consistent but also continuous and gentle, with lower 
risk of unbalance between forces resulting in a risky pulling of  the 
vitreous in between aspirations [5]. So, the dual port, synergically 
acts with air physical properties to guarantee high retina stability 
which permits to work safely and closely during the shaving.

Besides, while vitrectomy under fluid is associated with 
iatrogenic ruptures in 7% of cases, in vitrectomy under air 
iatrogenic ruptures rate is 2% only [14]. It is noticeable that the 
combination of these two techniques provides a supplemental 
advantage to surgery success. Thanks to greater retinal stability 
and wider visualization by the surgeon, the indentation rate is 
significantly reduced in under air vitrectomy technique (17,5%) 
[15]. This contributes to shorten surgery time, to reduce the 
dependance on a second operator [16] and to improve comfort for 
both patient and surgeon.

None surgical technique is devoid of downsides: the control of 

the intraocular pressure (IOP) during vitrectomy under air must be 
strict for the higher risk of  hypotony. It is the main drawback of 
this technique because outflow via the vitreous cutter, at standard 
aspiration rates, is unimpeded. Machine setup should involve 
low vacuum (200 mmhg), high cut rate (higher than 5000 cuts if 
possible) and infusion pressure at 35 mmHg. Interruption of vacuum 
for brief periods is advisable to further reduce the risk of hypotony 
[10]. However Bausch and Lomb Stellaris Elite is integrated with a 
new function called Adaptive fluidics. Due to continuous balance 
between aspiration and infusion the IOP is stabilized throughout 
surgery [17]. Another important factor to be considered is the 
intraocular lens (IOL) fogging secondary to air condensation, which 
could compromise the retinal visualization when posterior capsule 
openings are present. This is due to the difference in temperature 
between air inflow and the vitreous cavity. In this case, it is useful to 
gently clean the posterior surface of the IOL with a silicone tipped 
cannula or with BSS through a blunt cannula. Another suggested 
strategy  is to use an irrigating contact lens as a way of heating the 
anterior segment by emission of warmed irrigation [18]. Anyway, 
poly methyl methacrylate (PMMA) and hydrophobic acrylic IOLs 
are less prone to condensation compared to hydrophilic and 
silicone IOLs, especially after the first wipe of condensation [19].  
However a steep learning curve is needed to achieve a proper 
visualization in pseudophakic eyes, especially if there are posterior 
capsule opacities or IOL edges occupying the surgical field. In 
phakic patients with clear lens, visualization is not affected by 
opacities, but vitreous removal is challenging because the convexity 
of the posterior curvature of the lens interferes in reaching the 
anterior part of the vitreous base, in fact, in these particular cases 
ambidexterity in bimanual maneuvers is required.

The surgeon advice

In the vitreoretinal surgery the procedure is never 
standardized. Many patients at the time of surgery have already 
underwent cataract extraction.  The surgeon must be able to 
perform vitrectomy both in pseudophakic and in phakic eyes 
with some important differences in the procedure. If cataract is 
present at time of vitreoretinal surgery, it is useful to remove it 
before vitrectomy to improve visualization. In triple procedures 
it is advisable to implant the IOL leaving anterior chamber filled 
with ophthalmic viscoelastic device (OVD) after the complete 
vitreous removal to avoid visual disturbances due to IOL edges. 
In pseudophakic patients having posterior capsule opacities, is 
advisable to perform posterior capsulotomy after the vitreous base 
shaving to avoid IOL fogging. If posterior capsulotomy is already 
present, OVD coating of the posterior side of the IOL is useful.  A 
drawback that can compromise the retina visualization, although 
less frequent, is the passage of air into the anterior chamber 
through zonular dialysis. In this case, an expedient is to fill the 
anterior chamber completely with air to improve visualization. Air 
removal from the anterior chamber would not solve the problem, 
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because it would recur.  In rhegmatogenous retinal detachment, it is 
recommended to mark any break with endocautery before BSS-air 
exchange, otherwise it could be arduous to recognize each rupture 
after the retina has been reattached to the pigment epithelium. 
In air medium, laser treatment is effective with a lower amount 
of energy compared with BSS- infusion, allowing useful and safe 

endolaser treatment around retinal openings and peripherally at 
360°. Horizontal meridians should be spared as much as possible 
to preserve long ciliary nerves. As to the bi-blade, the surgeon can 
experience a higher control of the field of visualization because of 
the small amplitude of the device vibrations.

Video.

Conclusion
In conclusion, under air bi-blade assisted vitreous shaving is an 

effective combination that guarantees retinal stability and precise 
vitreous base shaving, pivotal phases for successful vitreoretinal 
surgery. It can be exploited especially for experienced surgeons in 
the management of challenging surgical cases.
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