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Opinion

Modern vitreo-retinal surgery consists in pars plana vitrectomy
(PPV), which basically aims to relieve all the vitreo-retinal tractions,
with minimal disturbance on the underlying retina [1]. The first
indication for PPV in a closed system was the vitreous hemorrhage
in a diabetic patient and it was performed by Robert Machemer, in
1972. For three decades, PPV was performed with the 20-gauge (G)
system. Starting 2004, a new vitrectomy concept became popular:
the minimally invasive vitrectomy system (MIVS): 23G, 25G and 27G
[2,3]. MIVS was developed with the aim to make PPV a safer and
less traumatizing procedure and it was followed by the decrease
of tissue damage and the shortening of surgery time. Since the
sutures were no longer needed, the suture-related inflammation
was eliminated and the healing period became much shorter and
comfortable [1, 4]. The drawbacks related to the smaller size of
the instruments had to be overcame by the development of new
instruments [1,5,6].

Fluidics During Surgery

The flow measures the efficiency of vitrectomy. Flow rate is
determined by the following factors: the diameter of the cutter’s
opening, the duty cycle, the vacuum, the viscosity of the material to
be aspirated, the movement of the blade, the internal diameter of
the cutter’s lumen [1,7]. When a smaller caliber instrument is used,
the flow rate decreases and surgery is longer. The pressure at the
opening of the cutter sets the vitreous removal rate: if it is too low,
the removal of the vitreous takes longer and if it is too high, there
is the risk of retinal injury through traction at the vitreo-retinal
junction [1,5,6]. The rate of vitreous removal is influenced by the
following factors: the infusion pressure, the aspiration pressure, the
duty cycle of the vitrector and probe geometry [1-2,8]. Poisseuille’s
law rules the intraoperative fluidics in MIVS: Q = APm R* / 8uL, in
which Q = flow, AP = pressure gradient along the tube, R = radius
of the tube, p = viscosity of the fluid in the tube, L = length of the
tube [8]. The options are: to increase the infusion pressure and the
aspiration pressure and to modify the duty cycle of the cutter.
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Increasing the infusion pressure decreases the blood flow
through the central retinal artery and the -choriocapillaris,
which may be dangerous, especially in the patients suffering
from vascular diseases of the retina. The maximum level of the
aspiration pressure is set on the machine console and controlled
by the surgeon, by acting on the foot pedal. When a small gauge
vitrectomy instrument is used, in order to achieve reasonable rates
of vitreous removal, higher aspiration is needed. The duty cycle of
the cutter is the ratio between the intervals during which the cutter
is open and closed. If the duty cycle of the cutter is modified, such as
the port is open for a longer time, higher flow rates are generated.
This modification compensates for the decreased flow associated
with the small size ports of the 23G, 25G and 27G cutters [1-2,5,6].
Features of the cutters used with MIVS. The main advantages of
the MIVS come from the features of the cutters with smaller side
ports that are able to work very close to the retina, with no risk to
incarcerate it in the cutter. However, the small port opening limits
the ability of the cutter to aspirate and hold the vitreous [1,2,7,8]. In
order to get close to the retina with minimal risks, the port opening
was localized very close to the tip. Due to the port - based flow
resistance, vitrectomy is very safe.

Mechanical Considerations Specific to the MIVS

The small gauge instruments are more flexible which makes
the removal of the peripheral vitreous more laboriuos. Therefore,
stiffer instruments are designed for MIVS [1,2,5,6]. The geometry of
the cannula requires a special design for the accessory instruments:
scissors, forceps, picks. Their tips must be shorter and angulated,
which makes them less efficient in dissecting and cutting epiretinal
membranes. Endoillumination considerations related to the MIVS.
During small gauge vitrectomy procedures, the smaller diameter
of the probes leads to the decrease of the light level. In order to
compensate for this disadvantage, high intensity xenon and metal
halide light sources were developed [1,2].
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Advantages of the MIVS

MIVS has the following advantages over the 20G vitrectomy:

less damage to the ocular tissues, less circulating fluid in the globe,

less inflammation and discomfort for the patient, shorter surgery
and no need for sutures [1, 2].
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