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ABSTRACT

This article is intended to clearly present the basic principles

for the use of intraocular tamponades in vitreous/retinal sur-

gery in the event of retinal detachment and other pathologies

using additional video footage. It examines the various gases,

silicone oils and perfluorocarbon liquids with their indications,

administration and in particular intraoperative handling in-

cluding pitfalls and complications. Characteristic animations

show the principles of use in surgery in a comprehensible

way. The two lead authors dedicate this article to their teacher

Prof. Dr. V.-P. Gabel, who in the early 1990s successfully es-

tablished the first vitrectomy courses for ophthalmologists at

Regensburg University Eye Clinic each year. Many colleagues

who still work in retinal surgery today first started learning

about this segment on these courses. The other coauthors

participated under his supervision in annual vitrectomy wet

labs run by the German Academy of Ophthalmology.

ZUSAMMENFASSUNG

In diesem Artikel sollen die Grundlagen zur Verwendung intra-

okularer Tamponaden in der Glaskörper-/Netzhautchirurgie

bei Ablatio retinae und anderen Pathologien anhand zusätz-

lichen Videomaterials anschaulich dargestellt werden. Behan-

delt werden die verschiedenen Gase, Silikonöle und flüssigen

Perfluorocarbone mit ihren Indikationen, ihrer Anwendung

und insbesondere der intraoperativen Handhabung mit Fall-

stricken und Komplikationen. Charakteristische Animationen

Main Principles of Vitrectomy Using Intraocular Tamponades –
A Basic Course in Surgery

Grundlagen der Vitrektomie unter Verwendung intraokularer
Tamponaden – ein chirurgischer Basiskurs

Übersicht
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Introduction
It would be inconceivable to carry out modern retinal surgery us-
ing the pars plana vitrectomy (PPV) technique without adequate
agents and tamponades designed for intraocular applications. In
the context of classic scleral buckling surgery for retinal detach-
ments using filling or cerclage, with and without subretinal trans-
scleral drainage, an intraocular tamponade is not necessarily re-
quired in order to successfully reattach the retina. Successful
treatment results can be achieved solely through reattachment
of the foramen to its base using the buckling technique and corre-
sponding cryocoagulation for scarring, enabling fluid absorption
via the retinal pigment epithelium (RPE). If external drainage is
used for the subretinal fluid, the hypotonia that then occurs in
the eye bulb can, depending on the extent of the drainage, be
compensated by means of a transscleral air or gas injection. In
the surgical approach without subretinal drainage, the increase
in volume that is required beforehand on account of the buckling
can be achieved by paracentesis of the anterior chamber and, if
necessary, multiple iterations of fluid removal. Depending on the
consistency of the potentially viscous subretinal fluid and the
pumping ability of the RPE, complete reattachment of the retina
with this surgical method can sometimes take days or even weeks.
Nevertheless, if the retina is successfully reattached, it is highly
probable that no retinal holes will have been missed, which means
the result remains stable. On the other hand, with external drain-
age, there is the advantage that reattachment is usually very
quick. However, during the early postoperative phase, it is not
possible to be sure whether a foramen may have been overlooked
that could result in a recurrence of the detachment. Faude et al.
provide an excellent overview of buckling surgery in a review from
2002 [1], as do Hoerauf et al. in 2008 [2]; both of these publica-
tions are still of current relevance.

Buckling surgery has fallen from favor in recent years, espe-
cially given the increasing prevalence of sutureless 23 G, 25 G,
and 27 G vitrectomy techniques [3,4]. Since it is paramount that
the eye lens–which becomes cloudy within one year of vitreous
surgery in approximately 30% of cases–is preserved as much as
possible, scleral buckling surgery is currently mainly performed
on younger patients. In these younger patients the vitreous body,
which is usually still very compact, adheres strongly to the retina,
and “complete” separation of the vitreous body can only be par-
tially performed, or else entails a significantly increased risk of
retinal lesions. Thus, further possible indications for scleral buck-
ling surgery include inferior retinal detachments with foramen/fo-
ramina in the lower circumference in younger patients. However,
surgeons these days have much more experience with primary
vitrectomy, which is more common and quicker to perform, and

allows easier visualization of foramina; hence, the skills needed
for scleral buckling surgery are increasingly being lost. Another
advantage of vitrectomy is that even highly complex vitreoretinal
pathologies can be successfully treated with the initial surgery.
Still, scleral buckling techniques should remain available for the
reasons mentioned above, and training and education for this sur-
gery should continue.

These days, pseudophakic retinal detachment, which is more
commonly caused by smaller, preoral foramina rather than equa-
torially located horseshoe-shaped foramina, and which has there-
fore been operated on for a long time using a combination of
vitrectomy and cerclage, can also be treated with vitrectomy
alone (with 20 G PPV or with 23–25 G PPV using a trocar system),
achieving the same or better results for permanent reattachment
[5]. For successful treatment, depending on the severity of the ini-
tial condition, intraoperative substances such as air, gas, perfluor-
ocarbon liquid (PFCL), and, if necessary, silicone oil are required.
With regard to the gases and perfluorocarbons, Faude et al. have
also published older but very detailed reviews on the chemistry,
effects, and corresponding fields of clinical application [6–8].
The purpose of this overview is to give a detailed description of
the surgical procedure, especially when using intraocular tampo-
nades, intended as a basic course in surgery.

Surgical Setup
The supply lines of modern vitrectomy machines may vary more
or less depending on their design. Generally speaking, the infu-
sion port, which in a traditional 20 G vitrectomy, after opening
the conjunctiva and after sclerostomy, is inserted through the
sclera and into the vitreous cavity using a suitable piercing instru-
ment, usually 3.5–4mm inferotemporal to the limbus, and is then
fixed with a suture, delivers fluid (e.g., Balanced Salt Solution
[BSS]) from the machine to the eye such that the intraocular
pressure can be individually adjusted by the machine. In a phakic
situation, a shorter 4mm infusion port is preferred so as not to
compromise the lens. In a pseudophakic or aphakic situation, the
longer 6mm infusion port can be used. Especially when it comes
to complex retinal detachments with, for example, proliferative
vitreoretinopathy (PVR), primary choroidal swelling, or choroidal
hemorrhages, and a probable need for oil filling, the 20 G vitrec-
tomy is often preferred, as it may allow for better subretinal sur-
gery using curved instruments, and it can make oil filling easier.
However, in principle, oil insertion and subretinal surgery are also
possible with PPV using a trocar system.

The port is always placed in the eye with the infusion turned
off, and before the infusion is turned on, it is necessary to check
that there is a secure intravitreal fit in order to definitively rule

zeigen dabei nachvollziehbar die Prinzipien in der chirurgi-

schen Handhabung. Seitens der beiden Erstautoren ist dieser

Artikel ihrem Lehrer Herrn Prof. Dr. V.-P. Gabel gewidmet, der

in den frühen 90er-Jahren die ersten Vitrektomiekurse für Au-

genärzte an der Universitäts-Augenklinik Regensburg erfolg-

reich im jährlichen Rhythmus etabliert hat und in denen viele

heute noch netzhautchirurgisch tätige Kolleginnen und Kolle-

gen ihre ersten Schritte in diesem Segment erlernt haben. Die

weiteren Co-Autoren partizipierten unter seiner Leitung an

jährlichen Vitrektomie-Wetlabs im Rahmen der Augenärzt-

lichen Akademie Deutschlands.
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out possible infusion into the choroid (this is most easily done by
looking at the eye at an angle from the side on which the micro-
scope is located; the infusion is turned on by gently pressing the
infusion port into the eye and allowing it to slide back slightly after
opening). A longer infusion port is more secure for optimal intra-
vitreal placement, but also carries with it the risk of damaging the
lens if there is tilting or if the eye is phakic. It is therefore useful to
secure the tube with a SteriStrip. The same principle applies to
vitrectomy using a trocar system. Parallel to the water supply,
you can switch to the air supply on the machine (or alternatively
via the tube system). In addition, a (further) 3-way valve allows
gas to be injected by means of a syringe (▶ Fig. 1). After the infu-
sion has begun, two further sclerostomies are carried out in nasal
and superotemporal positions, e.g., at the point midway between
the 1 and 2 oʼclock positions and midway between the 10 and
11 oʼclock positions (as far apart as possible so that the thumbs
do not touch). Bougienage of the openings with a tapered probe
makes it easier to insert the instruments during a 20 G vitrectomy.
In addition, care should be taken to ensure that the conjunctiva
and tenon are removed cleanly in order to avoid possible epithelial
invasion and to ensure that wound conditions are adequate for re-
adaptation at the end of the operation (mainly by cross-stitching
with a braided Vicryl suture or a monofilament PDS7.0 suture).
Wound insufficiencies can also occur in vitrectomy using a trocar
system; in which case, (transconjunctival) suturing is also re-
quired.

As a general rule, when performing surgical techniques using
trocar systems, air or gas should be left in the eye at the end of
the operation, at least in the anterior space, in order to achieve
improved wound tightness. Mild postoperative hypotonia is usual-
ly not a problem and will resolve by itself. But it can, of course, in-
crease the risk of vitreous hemorrhage or choroidal amotion, as
well as bleeding from the sclerostomy entrance points.

Water–Air Exchange
Air has a half-life of about 1–1.5 days and generally stays in the
eye for about 5–7 days after complete filling (▶ Fig. 2; adapted
from [6,9]). It is important for patients to be informed about the
prohibition on flying or taking trips to higher altitude regions until
the air or gas tamponade has been completely reabsorbed, since
the air or gas expansion in the eye can cause an increase in pres-
sure, potentially leading to circulatory disorders in the central ar-
tery, with the associated risk of blindness. It is not possible to de-
finitively specify a safe altitude. Experiences vary, from having
pressure problems starting at a few hundred meters up to no
problems at all at over 2,000 meters; this presumably also de-
pends individually on the amount of gas in the eye. Patients are
also advised against diving if they have had gas filling, because
the increased external pressure of the water with possible tissue
compression can be problematic. When using gases, it is impor-
tant, from an intraoperative perspective, to know the non-expan-
sive mixing ratios of gas and air (▶ Fig. 2).

▶ Fig. 3 shows the simple complete water–air exchange. With
an attached retina this can easily be achieved via the machine-ad-
justed air supply if the so-called flute needle is inserted through
the sclerostomy incision to the posterior pole, through which the
intraocular water is then flushed out by the air pressure (▶ Fig. 3/
Video 1 [Supplementary material A] and ▶ Fig. 4/Video 2 [Sup-
plementary material B]). Similarly, there is also the option of ac-
tively suctioning the aqueous phase with the cutter or vitrector. In
the animations it should be noted that, contrary to the less-than-
optimal representation of the flute needle over the fovea, the
flute needle should for the most part be held over the deepest
point of the eye, namely the optic disk.

An air–water exchange of this kind with three to four repeats is
generally recommended, for example, when removing silicone oil
(see below), in order to be able to remove as many residual oil
bubbles as possible, some of which are emulsified and which
usually gather at the interface at which the opening of the flute
needle should be held when filling air. If you switch back to

▶ Fig. 1 Possible setup for supply of BSS, air, and gas for pars plana
vitrectomy.

▶ Fig. 2 Characteristics of the retention time of air and gases in the
eye (adapted from [6,9]).
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“water” after completing the air filling, this can lead to short-term
hypotonia of the bulb, which can be regulated by adjusting the
flute needle. In order to reduce the risk of postoperative bleeding,
air can be left in the eye at the end of the operation to prevent
hypotonia. However, this is not absolutely necessary in the case
of an attached retina with no other pathology, as long as the scle-
rostomy incisions are sutured. Once the procedure has been com-
pleted, the infusion port is removed and the suture that is usually
put in place beforehand is pulled shut and tied. In vitrectomy with
a trocar system, the trocars are simply pulled out. Since they have
built-in valves, they do not represent an open system on the eye,
which is why some of authors still prefer 20 G vitrectomy for the
surgical treatment of endophthalmitis, as it allows a wide-lumen
flow through which pathogens may be better flushed out. How-
ever, this can also be achieved by means of active suction with a
trocar system by or removing the valves from the trocars. Note
that if the eye is filled with air, the peripheral retina is depicted
over a larger area (“you have a more peripheral view”), although
this detracts from the visibility of the retinal structures them-
selves. After a posterior capsulotomy has been newly performed
during vitrectomy, fogging up on the back of an intraocular lens
can be problematic as it impedes clear visibility of the posterior
pole. Surgeons can inject BSS or a viscoelastic fluid into the back
of the lens to improve visibility.

Use of Gases

Indications

Gases are used to treat rhegmatogenous and tractive retinal de-
tachments up to PVR stage A/B [10], for simpler tractive detach-
ments as part of proliferative retinopathies in vascular retinal dis-
eases, and in macular surgery, whereby postoperative head posi-
tioning can result in mechanical pressure on the retina (▶ Fig. 5).
According to the literature, the probability of being able to close a
macular hole, for example, is about 90% or higher [11]. Especially

in cases of subretinal macular bleeding, which occurs more fre-
quently in neovascular age-related macular degeneration (AMD),
the additional subretinal injection of a “recombinant tissue plas-
minogen activator (r–tPA)” with or without “VEGF inhibitor” is an
option during vitrectomy for the liquefaction of clots and subse-
quent gas filling; placing the patientʼs head in a downward posi-
tion is also an option for mechanical expulsion of the blood into
the periphery [12]. Epiretinal gliosis or vitreomacular traction syn-
drome do not usually require a gas endotamponade.

Procedure for gas filling

Different techniques are used for gas filling. Gas can be injected
into the air-filled eye bulb in an anterograde manner via the infu-
sion port (3-way valve) with at least one sclerostomy hole open at
the top, which is then tied off with a suture (20 G) shortly before
the gas syringe is emptied. When the infusion port is pulled, espe-
cially in the case of 20 G surgery in which the suture is ideally

▶ Fig. 3 Simple water–air exchange with attached retina.
The machine injects air into the eye via the infusion tube (air/gas).
The water (H2O) is flushed out of the eye with the flute needle
(see ▶ Video 1 [Supplementary material A]).

▶ Fig. 4 Simple intraoperative water–air exchange. The flute
needle is moved further and further, following the water level,
until it reaches the optic disk (see ▶ Video 2 [Supplementary
material B]).

▶ Fig. 5 List of possible indications for intraoperative gas filling.
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tightened immediately, the eye can usually be closed well with the
appropriate gas filling and correct intraocular pressure. However,
if loss of pressure is detected in this case, the appropriate intraoc-
ular pressure can be restored by means of transscleral reinjection
with a 30 G cannula. For this reason, the syringe should always
have a residual amount of gas left in it, which can be used for this
maneuver. The approach for vitrectomy with a trocar system en-
tails first pulling the two upper trocars and checking the scleros-
tomies for leaks (in an air-filled eye, there will be air bubbles when
water is dripped onto the surface). If the results are inadequate,
transconjunctival resuturing must be performed. After this, the
air pressure on the machine is set very low and the gas is injected
in a retrograde manner via the pars plana using a 30 G cannula. If
you are working with a machine which does not allow injection to
be performed against the air pressure on the machine, it is advis-
able to simultaneously use a second empty 30 G cannula through
which the excess pressure can be released when the gas is slowly
injected. In another technique, a 20-mL syringe with the gas mix-
ture is connected to the 25 G port (Luer Lock), and pressure equal-
ization (release) is then assured with a cannula via one of the
upper 25 G ports. Alternatively, the gas mixture can also be in-
jected via the 3-way valve on the infusion tubing. It is possible to
select different syringe sizes while retaining the correct air-gas
concentrations. What is important here is that the eye is flushed
out several times with the gas mixture, so that the desired gas
concentration is present inside the eye.

Selecting the gas

For non-complex detachments with a “hole on top” situation, sul-
fur hexafluoride (SF6) is generally used; in a 20% gas-air mixture
this is not expansive, and remains in the eye for around 10–14 days
with a half-life of approximately 2.5 days (▶ Fig. 2). In case of
retinal detachments with inferior holes, hexafluoroethane (C2F6)
16% can be used since it has a significantly longer half-life and re-
mains in the eye for about 4 weeks following vitrectomy. In retinal
detachment surgery, for logical reasons, all foramina–after they
have been adequately treated with an endolaser and/or cryoreti-
nopexy–must remain pressed against their base via the gas tam-
ponade for a few days until the scarring induced by the pexy is
thick enough that the adhesions can no longer be loosened, and
thus no more water can get from the vitreous cavity through the
foramen into the subretinal space. This longer-acting gas can bet-
ter guarantee this outcome, especially in the lower area. Octa-
fluoropropane (C3F8) has an even longer half-life and is a suitable
alternative to C2F6 in certain situations. The use of octafluoropro-
pane in the context of retinal detachment surgery (e.g., in PVR)
must be weighed up against the possibly safer option of silicone
oil filling.

Use of Perfluorocarbon Liquid (PFCL)
Perfluorocarbon liquid (PFCL) is used intraoperatively as a support
to reattach the retina; it is not a long-term tamponade and is pri-
marily used in complex cases. PFCL is often not necessary in cases
of simple rhegmatogenous retinal detachment. Vitrectomy re-
quires safe posterior vitreous detachment (PVD) followed by par-
ing back the vitreous body as far into the periphery as possible us-

ing a cutter (caution must be exercised in phakic situations or
cases of possible lens touch). After hole detection (possibly using
peripheral indentation!) and, where appropriate, marking the fo-
ramina at the central edge using endodiathermy (better visibility
with air!), subretinal drainage (if the position or size of the foram-
ina is adverse, an iatrogenic drainage foramen may also be cre-
ated using endodiathermy) and successive air filling enable the
retina to be reattached mainly free of creases. If there is any re-
maining subretinal shifting fluid, this is unproblematic as long as
there is no crease directly in the fovea area. With gas filling, the
fluid will disappear the following day. However, postoperative po-
sitioning is especially important with regard to avoiding central
retinal folds. Adequate coagulation of the marked foramina can
be carried out intraoperatively on the air-filled bulb by means of
cryocoagulation or endolaser coagulation, and finally, as outlined
above, air can be exchanged for gas. A complex case of PVD can
be remedied more easily by demarcating the posterior vitreous
membrane through intravitreal injection of triamcinolone.

In complex detachment situations, it would be unimaginable
to perform vitreoretinal surgery without PFCL as an intraoperative
aid (“3rd hand”); the use of PFCL has sustainably improved surgi-
cal results [13]. However, there is a risk that the PFCL will not be
completely removed by the end of the surgery and may also get
into the subretinal area. The latter is not uncommon when the
fovea is affected; it can then be confused with postoperative mac-
ular edema, which can lead to misinterpretation and even IVOM
therapy [14]. If the bulb is filled with PFCL, manipulating the
edges of the foramina with the flute needle should be avoided in-
traoperatively, as this increases the risk of the PFCL getting into
the subretinal area. Likewise, surgeons should prevent the forma-
tion of PFCL bubbles at the hole edges which is caused by exces-
sive irrigation flow [8].

Perfluorocarbons were first described and used in an intraocu-
lar application by Chang in 1976 [15,16]. They are colorless and
have a higher specific weight than water, which makes them ideal
for smoothing out and reattaching the retina as described above
(▶ Fig. 6).

▶ Fig. 6 Characteristics of perfluorocarbon liquids for intraopera-
tive use; decalin is the PFCL that is primarily used in everyday clinical
practice (adapted from [8]).

1341Framme C et al. Main Principles of… Klin Monatsbl Augenheilkd 2022; 239: 1337–1353 | © 2022. The author(s).



Intraoperative management

Regarding the intraoperative management of PFCL, the following
illustrations demonstrate the most important basic rules. In case
of an attached retina and a vitrectomized vitreous cavity, the in-
jection needle with PFCL is brought via the upper sclerostomy to
the posterior pole and then injected slowly. For this purpose, a
double-barreled needle can be used which has a second lumen at-
tached a little higher; this serves to assist in pushing out the dis-
placed water. Luer lock syringes are safe to use, as the double-bar-
reled cannula does not dislodge if the pressure is increased. It is
important to keep the tip of the needle inside the PFCL bubble
during the injection process, in order to prevent bubble formation
and the associated difficult visualization, potentially leading to in-
complete removal (▶ Fig. 7/Video 3 [Supplementary material
C]). In order to protect the macula during surgical extraction, it
can be useful to inject PFCL with the retina attached, for example,
with lenses that have been luxated into the vitreous body.

In the case of a detached retina, the foramen edges must be
adequately dissected. By injecting PFCL at the posterior pole, the
subretinal fluid is displaced in the anterior direction and enters the
vitreous cavity via the foramen. This maneuver is often sufficient
to reattach the retina, in which case the adjacent foramina can
now be easily treated, e.g., with cryocoagulation (▶ Fig. 8/Video
4 [Supplementary material D]). Due to the high surface tension,
the PFCL droplets usually run across the foramina without diffi-
culty and do not penetrate into the subretinal area.

However, caution must be exercised in cases of very central fo-
ramina–whether pre-existing or iatrogenic, for example, when
proliferation membranes are removed. In this case, it is possible
for PFCL to get into the subretinal area. As filling with PFCL pro-
gresses, the lack of relief from vitreal traction at the edge of the
hole can result in tearing at the edge of the hole, resulting in a se-
vere retinal tear through which large amounts of PFCL can get into
the subretinal area. Irrespective of which endotamponade is later

selected as a replacement, the objective is to ensure that the ret-
ina is free of traction. If this cannot be achieved due to intraretinal
shortening or non-alleviated epiretinal or subretinal traction in
PVR, a retinectomy must be performed to provide relief before
more PFCL is injected, and before coagulation and safe replace-
ment can be carried out. In any case, the subretinal PFCL must be
removed.

Shifting fluid

In primary rhegmatogenous detachment, depending on the ex-
tent of PFCL filling and on the position of the foramen or foramina,
so-called “shifting fluid” is generally formed from the subretinal
fluid as it moves in an anterior direction. This fluid is, as it were,
“trapped” in this subretinal area, because the foramina are cov-
ered with the applied PFCL from a certain point onwards, and sub-
retinal fluid can therefore no longer escape. This sometimes re-
sults in a persistent, anterior “detachment roll” which can only
be removed, for example, by suctioning the subretinal fluid via
the retinal defects; this must be performed before coagulation of
the retinal foramina can be carried out. Generally, as described
above, a small amount of shifting fluid can be left without any
problems. While the fluid will flow back to the center during the
“PFCL–air” exchange that is usually carried out, it will be com-
pletely reabsorbed the following day through the gas tamponade
(see above). However, larger amounts should be avoided (possible
formation of central retinal fold!); in the case of more centrally lo-
cated foramina, it may be appropriate to cut another iatrogenic
drainage foramen in a more anterior position after partial PFCL fill-
ing in order to then remove as much of the remaining subretinal
fluid as possible during continued PFCL filling (or air filling)
(▶ Fig. 9/Video 5 [Supplementary material E]).

▶ Fig. 7 Injection of PFCL into the vitrectomized vitreous cavity
with the retina attached. The injection needle is guided through the
sclerostomy incision to the posterior pole, PFCL is subsequently in-
jected, avoiding the formation of bubbles where possible (the tip of
the needle must remain inside the PFCL bubble) (see ▶ Video 3
[Supplementary material C]).

▶ Fig. 8 Insertion of PFCL into the vitrectomized vitreous cavity
with the retina detached. PFCL is inserted just above the posterior
pole and displaces subretinal fluid in the anterior direction via the
foramen, which has been adequately dissected in advance (see
▶ Video 4 [Supplementary material D]).
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Removal of PFCL

After the foramina have been adequately treated with laser and/or
cryopexy using PFCL, and the associated reattachment of the ret-
ina has been achieved, the PFCL must be removed again. In many
cases, surgeons aim for endotamponade with gas at the end of
the operation. To attain this objective, PFCL must be exchanged
for air in the first step. ▶ Fig. 10 illustrates the management of
this procedure, in which the flute needle is placed and routed to
the posterior pole, and the PFCL is evacuated through the needle
by means of the air pressure from the machine (▶ Fig. 10/Video 6
[Supplementary material F]). In the case of vitrectomy with a tro-
car system, in order to expedite the procedure, a cutter with ac-
tive suction is often used with instruments of smaller diameter;
the flute needle is then only used at the posterior pole for precise
suctioning of PFCL residues. The challenge with this maneuver is
to avoid another retinal detachment, which certainly can eventu-
ate if, for example, there is an excessive amount of water phase
between the PFCL phase and the air inserted during the exchange
via the infusion port (similar to the water–air exchange described
above). As soon as the excess water phase shifts in a posterior di-
rection over the foramen area due to suctioning of the PFCL with
the flute needle, detachment can occur; in which case, PFCL filling
has to be performed again, and the exchange maneuver has to be
repeated.

As already shown in ▶ Fig. 6, PFCL under air can spread over a
wide area of the retinal surface, making complete removal com-
plicated. In order to prevent PFCL residues from remaining in the
eye, the posterior pole can and should be filled with a small
amount of water, e.g., briefly via the infusion port or via a scleros-
tomy. Of course, the water level must not be higher than the most
central foramen. The PFCL can now collect again in the water
phase, and the PFCL and water can then be suctioned together
(▶ Fig. 11/Video 7 [Supplementary material G]). In contrast to

what is depicted in the illustration, PFCL residues are best “ma-
neuvered” in such a way that they are not suctioned from the fo-
vea, but rather from above the optic disk. After this, the desired
gas exchange is performed as described above; in this process,
longer-acting gas is preferred for inferior foramina.

Serious complications with air and PFCL

In complex (but traction-free) situations, it is sometimes possible
to reattach the retina with air filling (or direct oil insertion; see be-
low) but without PFCL, and to treat the foramina using laser or
cryo under air or after silicone oil filling (see below). When treat-
ing severe intraocular bleeding, for example, filling the area with
air early on can enable visualization of the retinal structures. How-
ever, when carrying out a maneuver of this nature with air, sur-
geons must be cautious when it comes to open eye injuries involv-
ing large areas of the choroid, as there have been reported cases
of air embolisms with a fatal outcome [17,18]. We can only spec-
ulate as to whether the risk of this complication may be increased
through the increased use of vitrectomy with a trocar system as
opposed to 20 G vitrectomy with open sclerostomies, which pos-
sibly have lower intraocular air pressure.

It must also be mentioned here that, under increased intra-
ocular pressure, larger amounts of PFCL can get into the systemic
blood circulation through exposed inner openings of the vorticose
veins, e.g., in trauma surgery or oncological choroidectomies (en-
doresection) [19]. Since decalin has lower vapor pressure, this is
probably less of a problem than it is with octane, which has a sig-
nificantly higher vapor pressure and can, due to warming up in the
systemic circulation, lead to significant evaporation with air em-
bolism, with fatal consequences [20]. In principle, this problem
can be prevented through cauterization and by severing the af-
fected vorticose veins [21].

Furthermore, there have been reports in recent years of toxic
reactions to perfluorocarbons [22], which were all due to contam-
ination during the manufacturing process [23]. Care must there-

▶ Fig. 10 Air insertion via the infusion port in a PFCL-filled eye.
The PFCL can be safely removed from the vitreous cavity by insert-
ing the flute needle as far as the posterior pole (if need be, also
using a cutter and active suction in the case of vitrectomy with a
trocar system) (see ▶ Video 6 [Supplementary material F]).

▶ Fig. 9 Insertion of PFCL into the vitrectomized vitreous cavity
with detached retina and a central foramen. After retinal reattach-
ment in the posterior area and accumulation of a large amount of
shifting fluid in the anterior area, subretinal fluid can then be suc-
cessively drained via a peripheral iatrogenic drainage foramen using
a flute needle (this can also be done without a flute needle if more
PFCL is injected) (see ▶ Video 5 [Supplementary material E]).

1343Framme C et al. Main Principles of… Klin Monatsbl Augenheilkd 2022; 239: 1337–1353 | © 2022. The author(s).



fore be taken to ensure that the liquids are as pure as possible. As
a guide for this purpose, a parameter called the H value has been
defined; this can be requested from the manufacturer and is a
measure of the purity of the substance [24]. Regular, highly puri-
fied perfluorocarbons used intraoperatively are not toxic.

Use of Silicone Oil and Silicone Oil Mixtures in
the Surgical Treatment of Retinal Detachment

General information on silicone oil tamponades

Silicone oil (polydimethylsiloxane) was first used in an intraocular
application in the early 1960s–well before regular vitrectomy was
possible [25]. In their pioneering work from 1971, Scott and
Zivojnović succeeded in combining the application of silicone oil
with vitrectomy, making it possible, in particular, to treat severe
eye injuries and/or retinal detachments [26,27]. Szurman and
Bartz-Schmidt have published a highly detailed article on classic
silicone oils in vitreoretinal surgery [28]. ▶ Fig. 12 shows the char-
acteristics of the silicone oils, also compared to PFCLs (▶ Fig. 12);
[29,30].

The characteristics of the partially fluorinated PFCLs are inter-
esting as they have a lower density than the classic PFCLs and are
used as components of silicone oil mixtures in order to make the
silicone oil heavier (silicone oil has an actual specific weight of
0.97 g/cm3); this makes it possible, in particular, to better treat in-
ferior PVR detachments [31].

When using a silicone oil tamponade, the problem is that even
with the complete tamponade that is usually desired, a crescent
of water always remains in the lower area, in which promoter sub-
stances for PVR formation accumulate [32]. This is the reason why
PVR redetachment commonly develops downwards, and this, in
addition to pronounced peeling of epiretinal membranes, often

has to be treated in follow-up operations by means of inferior
retinectomy. The hope was, therefore, that this problem could be
solved using the so-called heavy silicone oils. The heyday of heavy
silicone oil use was around 2002 and subsequent years. However,
our own evaluations of a larger clinical cohort of PVR detachment
patients who underwent treatment at the Eye Clinic of the Univer-
sity Hospital of Regensburg did not show an improved reattach-
ment rate compared to study results for “conventional” surgery,
which mostly consisted of vitrectomy, cerclage, retinectomy, and
regular oil filling [33]. The multicentric, prospective HSO study
also did not find an advantage with heavy oils compared to the
use of conventional oils [34]; similarly, a US meta-analysis did not
recognize any advantage, resulting in heavy oils not being ap-
proved in the USA [35]. Moreover, heavy oils are also said to be
associated with a higher potential for intraocular inflammation
[36].

As a consequence, only regular light silicone oils are generally
used today. A high viscosity of 5,000mPas is preferred, as this has
a lower tendency to emulsify, which–depending on the duration
of the tamponade–can ultimately lead to secondary glaucoma
[37]. In vitrectomy with a trocar system, however, low-viscosity
silicone oils are used, because they are presumably easier to inject
through the smaller-volume instruments. But even 5,000mPas
silicone oil can be injected relatively easily through 25 G trocars
using a machine with lower pump pressures, although a scleros-
tomy hole must be made in order to remove it.

Indications for silicone oil filling

▶ Fig. 13 shows a detailed list of some of the areas of application
in which silicone oil is used. According to this, all PVR‑C stages and
retinectomies are treated with silicone oil filling, as are traction
detachments, especially when the traction cannot be adequately
relieved. A classic indication for silicone oil is giant retinal tear
(retinal tear extending over at least three clock positions), since
the use of gas significantly increases the risk of detachment and
PVR. It should be mentioned here that there is also an increased
risk of detachment in the other eye; consequently, prophylactic la-

▶ Fig. 11 Residual PFCL spread over a wide area of the retina sur-
face under air can be removed by injecting water onto the posterior
pole (in the center of the foramina!) via an infusion port or scleros-
tomy; the PFCL can then collect here as a cohesive liquid bubble.
This mixed liquid can then be removed more easily with the con-
secutive supply of air (see ▶ Video 7 [Supplementary material G]).

▶ Fig. 12 Characteristics of silicone oil and so-called “heavy sili-
cone oil” as a mixture of oils with partially fluorinated perfluoro-
carbons (adapted from [8,29,30]).
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ser cerclage may be considered during the treatment course [38].
Silicone oil can also be used in the following areas of application:
for trauma surgery, in complicated hole configurations, when rap-
id restoration of vision is required in patients who only have one
eye remaining and are unable to position themselves, in repeated
surgery in the case of macular holes that are not closed (C2F6 or
C3F8 can also be used here), in the treatment of subretinal mass
bleeding (for example, in case of neovascular AMD), and in the
treatment of bulbar hypotonia of various etiologies.

Effects of a silicone oil tamponade in the eye/
Ando iridectomy in aphakic cases

A silicone oil tamponade has significant effects on the eye, and
both the surgeon and physician providing follow-up care should
be aware of this. Generally, the silicone oil is kept in the posterior
segment by means of an intact iris-lens diaphragm (▶ Fig. 14). In a
phakic situation, the patient should be informed that this leads to
hyperopic magnification of about 5–6 dpt. If the iris-lens dia-
phragm is not intact, due for example to zonulolysis after trauma
or after complicated cataract surgery (sulcus implantation,
scleral-fixated intraocular lens [IOL], or iris clip lens), silicone oil
can pass into the anterior chamber and can lead to corneal de-
compensation if it is in contact with the corneal endothelium for
a prolonged period. This should be avoided where possible. If it
does occur, the silicone oil must be removed quickly, at least from
the anterior chamber. However, if the intraocular pressure is not
too high, it is possible to wait for a short while (a matter of
weeks)–even if the anterior chamber is completely full–until the
retina has stabilized to such an extent that surgeons can attempt
the complete removal of the silicone oil. If it is not possible to
avoid using a silicone oil tamponade for a longer period of time,
the intraocular lens including the capsular sac (aphakia) must be
removed, and an inferior Ando iridectomy must be performed at
the 6 oʼclock position [39]. This must be done in order to prevent
a silicone oil prolapse in an aphakic situation, which carries with it
a risk of a pupillary block (▶ Fig. 15). The purpose of the inferior
Ando iridectomy at the 6 oʼclock position is to get the intraocular

fluid, whose transpupillary route is blocked by the silicone oil, into
the anterior chamber via this “bypass”, and thus to keep the oil
behind the pupillary plane. Some surgeons perform two addition-
al peripheral iridectomies, in nasal and temporal positions, with
the aim of maintaining the flow of intraocular fluid even in a
lateral recumbent position. However, if bulbar hypotonia occurs
as a result of ciliary body dysfunction, even an open Ando iridec-
tomy cannot keep the silicone oil behind the pupillary plane. This
leads to very difficult and complex situations in which the silicone
oil is only left as a prophylaxis against phthisis, with keratopathy
often accepted as a trade-off. An oil-filled aphakic eye can gener-
ally result in a significant myopization of up to about − 7 dpt
(▶ Fig. 14).

Regarding the postoperative changes in refraction after sili-
cone oil filling, which are sometimes considerable, the complica-
tions of anisometropia and aniseikonia must be taken into account
and the patient must be informed accordingly, especially if the pa-
tientʼs vision is still good. If necessary, a contact lens can be used
to compensate while the oil tamponade remains in the eye, or else
the oil must be removed early; this can be done after about six
weeks, since all the necessary scarring on the retina should be as-
sured at this point. In straightforward cases, the silicone oil can be
removed at a later stage.

Loss of visual acuity due to silicone oil

An important point to note when using silicone oil tamponades is
the small but still nevertheless real risk of irreversible loss of visual
acuity, the causes of which are still unclear [40]. This risk should
not be ignored, especially in cases of a primary “macula-on-situa-
tion” and if the patient has relatively good initial visual acuity. If
the retinal conditions are stable, the silicone oil should be re-
moved promptly. However, if the patientʼs vision is still good with
the silicone oil in place, removal of the silicone oil can lead to a
corresponding loss of visual acuity. This is why the indication for
silicone oil should be considered carefully in all cases, but espe-
cially in patients with a potentially high level of visual acuity. The
patient should be informed of this.

▶ Fig. 13 Indications for the use of silicone oils in retinal detach-
ment surgery.

▶ Fig. 14 Change in refraction due to silicone oil filling in phakic
and aphakic eyes.

1345Framme C et al. Main Principles of… Klin Monatsbl Augenheilkd 2022; 239: 1337–1353 | © 2022. The author(s).



Surgical procedure for silicone oil filling

The following supplementary materials illustrate the use of sili-
cone oil in vitrectomy. The infusion port is used for the simple oil
filling of the water-filled eye. The oil syringe is connected to the
3‑way valve (▶ Fig. 1), which is then switched from water infusion
to oil instillation. State-of-the-art machines used today can pump
the oil into the eye at variable speeds. Of course–as explained
above with the previous techniques–the flute needle must be
placed inside the water phase in order to be able to suction the
remaining water directly at the posterior pole towards the end of
the oil filling procedure, thereby ensuring that the oil filling is as
complete as possible (▶ Fig. 16/Video 8 [Supplementary materi-
al H]). A water–oil exchange of this nature would be conceivable,
for example, in the treatment of hypotonia syndrome, in the con-
text of severe proliferative retinopathy with attached retina, for
treatment with a choroidal patch, or in cases of severe eye bulb
trauma. In situations of detachment, the retina must first be
placed under PFCL or air for logical reasons, as described above.
The simpler procedure as shown in ▶ Fig. 16 is only rarely required
in everyday clinical practice, but it illustrates the basic principle of
oil injection.

As in ▶ Fig. 16, a direct oil–PFCL exchange can also be per-
formed by infusing silicone oil into the PFCL-filled bulb via the in-
fusion port and leaving the flute needle in place in the PFCL phase
until complete exchange has occurred (▶ Fig. 17/Video 9 [Sup-
plementary material I]). In the vitrectomy procedures carried
out thus far, we have regularly discussed how large the water
phase between silicone oil and PFCL could or should be–as shown
in this figure and animation. Generally speaking, it is possible for
PFCL to mix with oil at the interface. This should be prevented. On
the other hand, as already described above, detachment can oc-
cur during exchange if the water phase is too large and this water
then flows beneath the retina into the area of the foramina that
has not yet healed.

It makes sense to keep the water phase as small as possible so
that the oil can be inserted via the infusion port in the context of
20 G vitrectomy, which is often performed in such situations. The

oil displaces the water that is above the PFCL in the anterior area
via the sclerostomy opening. The surgeon has the choice of either
leaving a sclerostomy hole open (the light guide is placed in the
other hole!) or positioning the flute needle in the water phase in
the meantime. As soon as the water has been completely dis-
placed, intraocular pressure will increase, which will be recogniz-
able through the central artery beginning to pulse. At this mo-
ment at the latest, the flute needle must be immersed in the PFCL
phase and the exchange can now take place with further injection
of silicone oil, if the pressure conditions are normal. Towards the
end, the PFCL level can usually be seen relatively easily under the
oil, so that–in the ideal case–residual PFCL can be carefully “suc-
tioned” above the optic disk. Of course, “suction” is not strictly
speaking the correct term here, since the PFCL is displaced pas-
sively due to the oil pressure. Since the tubes that carry the sili-
cone oil are elastic, it is imperative to inject carefully towards the
end of the procedure, as the oil continues to “drip out” and the
central retina can accidentally be suctioned into the opening of
the flute needle–an incredibly tricky situation that must be
avoided at all costs. It may be necessary to insert the flute needle
several times so as to remove all the PFCL residue. However, in be-
tween the flute needle insertions the needle should be actively
rinsed, as the opening can become clogged with the oil, which
would prevent any further exchange from taking place.

These days, an indirect exchange of PFCL for silicone oil via the
intermediate step of air filling (see above) is carried out more
commonly, as it is much easier. However, in more complex cases,
there is a higher risk of slippage of subretinal fluid, which should
be avoided.

The advantage of an indirect exchange is that the silicone oil
can be inserted into the completely air-filled bulb relatively easily,
ideally with an attached retina, via the working sclerostomy hole
“from the bottom upwards”. As a rule, this is done depending on
the degree of oil filling during the injection with successive reduc-
tion of the intraocular air pressure by the machine. During the fill-

▶ Fig. 15 Problems with silicone oil filling in an aphakic eye, and the
need for Ando iridectomy at the 6 oʼclock position.

▶ Fig. 16 Silicone oil is pushed into the vitreous cavity by the
machine via the infusion port. The oil weighs less than water, so it
moves from the top to the bottom, and pushes water to the outside
via the flute needle positioned at the posterior pole (see ▶ Video 8
[Supplementary material H]).
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ing process, the air is displaced upwards via the sclerostomy hole,
and the residual air bubble can be easily removed towards the end
of the operation via the second sclerostomy hole using the flute
needle. Since the infusion port is only delivering air during this
process, you will be able to see the oil entering the infusion port
towards the end (the air pressure on the machine should then be
“zero” and/or the 3-way valve for air supply should be closed),
which reliably indicates that the posterior segment of the eye is
completely filled with oil.

Intraoperative problems with silicone oil filling

Since the introduction of PFCL, the direct exchange of water for
silicone oil has become rare. As already indicated above, however,
there may be situations in which intraocular reattachment of the
retina using PFCL or air cannot be achieved, e.g., in the case of
very central and large foramina and traction detachments, or in
complex trauma situations. In such cases, after the traction has
been relieved as much as possible, it is possible to carry out direct
oil filling via the infusion port and direct drainage of subretinal
fluid through the central foramina using a flute needle
(▶ Fig. 18/Video 10 [Supplementary material J]). Even though
this procedure is not ideal and involves a high risk of PVR rede-
tachment, in some cases it can stabilize an initially complex situa-
tion to the extent that surgeons have the time to carefully plan a
revision operation.

In cases of direct PFCL–silicone oil exchange, it also becomes
more difficult if the retina, which was previously attached under
PFCL, becomes detached again during oil filling. In that case, if
necessary, an iatrogenic retinotomy at a suitable point, with sub-
sequent subretinal drainage under silicone oil, can help to remove
residual subretinal fluid. In even more complex cases, it may be
necessary to completely remove the oil again and, for example,
repeat the procedure with a more extensive retinectomy. A new

infusion port is required in such cases, since the first port will be
clogged with oil, usually preventing further water infusion.

As already mentioned above, if oil filling is required in an
aphakic situation, this can lead to an intraoperative block of the
iridocorneal angle due to the oil pressure. Therefore, before filling
the eye with oil, the anterior chamber can be “positioned” using a
viscoelastic fluid in order to keep the iridocorneal angle anatomi-
cally open, and thus avoid a pupillary block in the supine position
caused by the silicone oil pressing from behind. Alternatively, the
entire eye, including the anterior chamber, can be filled with oil
(the iridocorneal angle must then be coated with oil) if the eye is
left with very low intraocular pressure at the end of the operation
(Schiötz tonometry may help here). Due to the low pressure (cau-
tion: risk of secondary bleeding!), volume has practically been cre-
ated in advance, so that the anterior chamber can refill itself with
water after the operation and when the patient is lying on their
stomach, and the oil can flow from the anterior chamber into the
posterior segment–in the case of normotension. Another option
would be to constrict the pupil using intracameral acetylcholine
before inserting oil, while leaving water or air in the anterior
chamber. The prerequisite for these measures is an open Ando
iridectomy; it must be ensured that the iridectomy is definitely
passable and that there are no longer any capsule components in
the lower area. Postoperatively, patients should be placed in a
prone position, with subsequent pressure monitoring carried out
on the ward. If the pressure increases when intracameral visco-
elastic fluid is used, this can be drained relatively easily postoper-
atively to relieve pressure via paracentesis with the slit lamp.

Removal of silicone oil

Silicone oil that has been inserted into the eye should generally be
removed again if the retinal situation is stable–unless the progno-
sis for visual acuity is poor or the retinal findings are correspond-
ingly poor, making removal impossible. In cases of persistent bul-

▶ Fig. 17 As in ▶ Fig. 16, a direct oil–PFCL exchange can be per-
formed by infusing silicone oil via the infusion port and leaving the
flute needle in place in the PFCL phase until complete exchange has
occurred (see ▶ Video 9 [Supplementary material I]). As discussed
in the text, contrary to what is shown in the illustration, the water
phase should be kept as small as possible.

▶ Fig. 18 Direct insertion of oil via the infusion port in the case of a
detached retina and drainage of subretinal fluid using a flute needle
via the central foramina (rather unfavorable but possible situation
in challenging PVR detachments or complex trauma cases; see
▶ Video 10 [Supplementary material J]).
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bar hypotonia or phtisis, the silicone oil should be left as a perma-
nent tamponade. Leaving the silicone oil in place can also be use-
ful in the case of redetachment after multiple operations. Some
rare cases of inferior peripheral detachment can also remain per-
manently stable under silicone oil, so that no further operations
are required. However, as already mentioned, if silicone oil re-
mains in the eye for a long period of time, e.g., for years, this can
result in oil emulsification of varying degrees and secondary glau-
coma.

Surgical oil removal is traditionally performed by means of
3‑port vitrectomy in which, after the sclerostomy hole has been
created at the top, the oil is then suctioned, either by the machine
or with active manual suction, ideally with a large-volume Vigo

cannula, for example. Depending on the infusion pressure, “tur-
bulence” can occur in the vitreous cavity during this maneuver,
which means that the oil bubbles, displaced to a deeper position
by the water inflow, are slow to move upwards. Additionally, the
infusion port immersed in the silicone oil can be blocked at the
beginning of the operation, so that the machine has to signifi-
cantly increase the intraocular pressure for a short time in order
to clear the opening. After successful oil removal, a vitrectomy
should always be performed again so as to remove any peripheral
vitreous residues (which are more often present in the anterior
position if a cataract is removed at the same time during the oil
removal). The surgeon should also check whether the retina is se-
curely attached, and finally–as mentioned above–the remaining
oil bubbles should safely be removed by exchanging water and
air about three times. We warn against skipping the vitrectomy
step and merely “draining” the oil, as this will not allow for poten-
tially relevant problems to be identified.

Heavy silicone oil

Based on the authorʼs own experiences and the study results pre-
sented (see above), the authors of this manuscript no longer see a
need to use heavy silicone oil. However, since it is still available, it
is probably also still used, and removal of heavy silicone oil will at
least still need to be carried out; accordingly, we give a brief out-
line of the procedure with heavy silicone oil.

In principle, insertion of heavy silicone oil works in a similar way
to what has already been shown in ▶ Fig. 16. However, since the
liquid is heavier than water, the oil mass moves downwards much
faster in water; this means that the flute needle has to be pulled
upwards throughout the entire filling process, since the residual
volume of water is primarily in the upper area towards the end of
the procedure (▶ Fig. 19/Video 11 [Supplementary material K]).

▶ Fig. 20 and 21 show the procedure for inserting heavy sili-
cone oil on PFCL. Here, too, as already discussed for ▶ Fig. 17,
the water above the PFCL phase must first be displaced during

▶ Fig. 19 Insertion of heavy silicone oil into water: in the middle of
the filling process the oil tends to displace the lower part of the
water, so that the flute needle has to “suction” the residual water in
the anterior segment of the eye towards the end of the procedure
(see ▶ Video 11 [Supplementary material K]).

▶ Fig. 20 Insertion of heavy silicone oil on PFCL. After displacement
of the water (which can also be done without a flute needle),
PFCL is finally displaced via the flute needle (see ▶ Video 12 [Sup-
plementary material L]).

▶ Fig. 21 Insertion of heavy silicone oil on PFCL. After water dis-
placement, due to the similar properties of PFCL and the partially
fluorinated oils, these oils can mix at the interface, resulting in a
higher risk of corresponding residues of both mixed agents (see
▶ Video 12 [Supplementary material L]).
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the exchange; this can be done with or without an inserted flute
needle (▶ Fig. 20/Video 12 [Supplementary material L]). How-
ever, as soon as the water has been displaced, the PFCL is dis-
placed further via the flute cannula; because of the similar proper-
ties of the two substances (high proportion of partially fluorinated
PFCL in heavy silicone oil; ▶ Fig. 12), this brings a risk of themmix-
ing together due to the turbulence in the area of the suction can-
nula, resulting in the corresponding residues remaining in the eye
with changed properties (▶ Fig. 21/Video 12 [Supplementary
material L]).

The result is that heavy silicone oil is more difficult to remove
than regular silicone oil for two reasons: firstly, it requires a long
suction cannula, ideally reaching the posterior pole, with the at-
tendant risk of applying strong suction close to the retina; sec-
ondly, the unfortunate situation sometimes arises of “sticky oil”
on the retinal surface; this makes it very difficult to remove the
oil in its entirety, without iatrogenic damage close to the retinal
surface (▶ Fig. 22/Video 13 [Supplementary material M]). If this
does occur, Kirchhof recommends inserting PFCL at the posterior
pole, which should make the distance easier due to the mix of sub-
stances [31].

Conclusion
The aim of this manuscript was to convey basic knowledge in the
field of vitrectomy-based retinal detachment surgery, as well as
other pathologies, with a special focus on the handling of the in-
traocular tamponades that are available. This work in no way
claims to be complete; neither does it claim to correctly present
the special advice of all surgeons. Learning how to perform a
vitrectomy, especially for retinal detachment, is less standardized
than, for example, learning about traditional cataract surgery;
also, the surgical procedure is less predictable and can vary con-
siderably. The individual approach and individual preferences of
different surgeons vary according to which “school” of retinal

and vitreous surgery they learned from. The basics presented here
correspond to the specifications of our esteemed teacher, Prof.
Dr. V.-P. Gabel, Munich and Regensburg (for HGS and CF), who
has worked in the field of vitrectomy since the beginning of the
1970s, and who created the animations, inserted as supplemen-
tary online material, displaying the still valid principles of vitrec-
tomy. Animations have been inserted as supplementary online
material. The co-authors of the “erweiterte Essener Vitrektomie-
Schule”, as students of Michael H. Foerster (JW, NEB) and Horst
Laqua (HH), have also been involved in the models and in discus-
sions over the past decades with V.-P. Gabel. This manuscript is
dedicated to him.

Supplementary Material
The correspondingly marked figures are mainly provided with
video animations, which are intended to illustrate the described
operative procedure once again, thus allowing the best possible
learning effect to be achieved.
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