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Abstract. – OBJECTIVE: Herein, we intro-
duce the infusion direction manipulation tech-
nique and the infusion off technique. These rel-
atively simple methods control intra-vitreal fluid 
flow direction and turbulence and release neg-
ative pressure in the microforceps to facilitate 
handling of the internal limiting membrane. The 
aim of this study is to introduce an effective and 
uncomplicated method to handle the internal 
limiting membrane (ILM) during the temporal in-
verted ILM flap and free ILM flap techniques in 
macular hole surgery by controlling the direc-
tion and status of the infusion. 

MATERIALS AND METHODS: The direction of 
the infusion flow was controlled with a free fin-
ger (usually the 4th finger) during the inverted ILM 
flap surgery to stabilize the flap location during 
the fluid-air exchange. A valved trocar was used, 
and the infusion was discontinued during the free 
ILM flap surgery. Turbulence was minimized, and 
negative pressure around the head-shaft junc-
tion of the microforceps was released. 

RESULTS: The ILM flap remained stable in all 
patients who underwent macular hole surgery 
with our technique. 

CONCLUSIONS: Infusion direction manipu-
lation technique and infusion off technique are 
efficient and simple methods to handle the ILM 
during ILM surgery.
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Introduction

The success of macular hole (MH) surgery has 
improved significantly since the introduction of 
internal limiting membrane (ILM) peeling and 
gas tamponade1. However, this surgical technique 
might yield insufficient anatomical and function-
al outcomes in cases of intractable MH, such as 
large MH (hole size > 400 μm), degenerative 

MH, and MH associated with high myopia, ret-
inal detachment, foveoschisis, or hole marginal 
ERM2,3. In this regard, various surgical tech-
niques for manipulating the ILM were developed 
to improve the hole closure rate and patient’s 
visual outcome. Among the ILM manipulation 
techniques, inverted ILM flap and free ILM flap 
are the most popular and have excellent surgical 
outcomes4,5. However, handling the ILM flap 
during the vitrectomy is challenging and requires 
a significant learning curve.

During vitrectomy, the infusion system enables 
surgeons to maintain stable intraocular pressure 
by controlling fluid flow into the vitreoretinal 
space. However, constitutive fluid flow inside 
the vitreous cavity increases the chances of flap 
displacement and loss during ILM manipulation. 
Because the flap should cover the MH for surgical 
success, Morizane et al5 introduced discontinuing 
the infusion and placing low molecular weight 
viscoelastic material above the free flap to stabi-
lize the flap position during autologous free ILM 
flap transplantation. As their study’s main focus 
was to introduce a novel free flap procedure, they 
did not emphasize using the procedure to easily 
manipulate the ILM flap during the surgery; thus, 
basic background information and detailed in-
structions for this issue are warranted. Therefore, 
considering the fluid direction and movements 
during vitrectomy, we introduce a simple and 
efficient technique to handle the ILM during in-
verted ILM flap and free ILM flap procedures by 
manipulating infusion status and direction. 

Materials and Methods 

This study adhered to the tenets of the Decla-
ration of Helsinki and was approved by the Insti-
tutional Review Boards of Asan Medical Center 
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(IRB No. 20211603). All surgeries are performed 
under local or general anesthesia. A standard 
23/25-gauge three-port transconjunctival suture-
less vitrectomy is performed. The infusion can-
nula is placed in the inferotemporal area. After 
completion of core vitrectomy, indocyanine green 
0.25% dye is used to stain the ILM. 

Infusion Direction Manipulation 
Technique for Inverted ILM 
Flap Procedure

Using the end-grasping ILM microforceps, a 
long incision is made toward the macula. Start-

ing with multiple small curvilinear flaps, a large 
temporal flap with a hinge of adequate size and 
width is generated. The redundant part of the 
flap is trimmed with a vitreous cutter. To start 
the fluid-air exchange, an extrusion needle is 
placed above the optic nerve. A free finger not 
holding the instrument (4th finger is recommend-
ed) is used to manipulate the infusion cannula to 
change the direction of the infusion tip inside the 
eye (Figure 1; Video 1 and Video 2). During the 
initiation of the fluid-air exchange, the direction 
of the infusion cannula tip is turned toward the 
farthest area of the macula using the 4th finger, 
because the residual fluid in the infusion cannula 
could potentially flow inside the eye and cause 
turbulence that displaces the ILM flap. Then, the 
cannula tip direction is turned toward the flap, 
and the air inflow in the temporal side will cause 
the fluid in the posterior pole to flow in the tem-
poral-to-nasal direction. This procedure will flip 
the temporal flap to cover the MH. 

Infusion Off Technique for 
Free ILM Flap Procedure

The microforceps has a space in the head-shaft 
junction (Figure 2). Therefore, constitutive neg-
ative pressure is formed around the head-shaft 
junction when the infusion is turned on (Video 
3). During the free flap procedure, the light ILM 
flap is easily floated and lost. Moreover, this flap 
easily collapses or adheres to the head-shaft junc-
tion of the forceps, causing difficulty in releasing 
the flap from the forceps (Video 4). Therefore, 

Figure 1. Fourth finger-assisted infusion direction manipu-
lation technique. The direction of the infusion flow is adjusted 
by manipulating the infusion cannula using the fourth finger. 

Figure 2. Negative pressure formation around microforceps during vitrectomy. A, Schematic illustration showing negative 
pressure formed at the gap in the head-shaft junction of the microforceps. B, Surgical image showing adherence of the internal 
limiting membrane (ILM) to the head-shaft junction of the microforceps (yellow arrow). 

https://www.europeanreview.org/wp/wp-content/uploads/Video_1_Eur_Rev-11371.mp4
https://www.europeanreview.org/wp/wp-content/uploads/Video_2_Eur_Rev-11371.mp4
https://www.europeanreview.org/wp/wp-content/uploads/Video_3_Eur_Rev-11371.mp4
https://www.europeanreview.org/wp/wp-content/uploads/Video_3_Eur_Rev-11371.mp4
https://www.europeanreview.org/wp/wp-content/uploads/Video_4_Eur_Rev-11371.mov
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to overcome negative pressure in the forceps and 
turbulence generated by fluid flow, we suggest 
the infusion off technique which includes two el-
ements: (1) using a valved trocar, and (2) turning 
off the infusion. This technique will reduce the 
possibility of ILM flap adherence to the forceps 
and will enable the flap to freely fall into the hole 
after its release (Video 5). The infusion cannula 
tip is turned toward the farthest area of the macu-
la during the fluid-air exchange to avoid displace-
ment of the ILM flap by turbulence.

At the end of the surgery, 14% C3F8 gas is 
used for tamponade, and the patients are instruct-
ed to maintain a face-down position.  

Results

The ILM flap remained stable in all patients who 
underwent macular hole surgery with our technique. 

Discussion

In this report, we have introduced the infusion 
direction manipulation technique and the infu-
sion off technique, which significantly improve 
control of the ILM during vitreoretinal surgery. 
These relatively simple techniques control the 
direction of intra-vitreal fluid flow and turbulence 
and release negative pressure in the microforceps 
to facilitate handling of the ILM. Our technique 
does not require the additional time and cost of 
an extra procedure and can be easily performed 
during the routine surgical procedure.  

Since the introduction of the ILM flap tech-
nique by Michalewska et al4, surgical outcomes in 
intractable MHs have improved significantly6-8. 
However, achieving adequate postoperative flap 
position – covering the MH – is still challenging 
with this technique. Our infusion direction ma-
nipulation technique facilitates control of fluid 
flow direction using an unoccupied finger (usu-
ally the 4th) and allows flipping of the uncovered 
flap and maintenance of flap position covering the 
hole during the fluid-air exchange.

The free ILM flap is one of the most challenging 
techniques among ILM surgeries and has a high 
risk of flap loss5. Meticulous handling of the ILM 
is necessary; however, a light ILM is difficult to 
manipulate during the procedure. We focused on 
controlling turbulence and the microforceps using 
our infusion off technique. There is a thin tube-
like gap between the head and shaft of the micro-

forceps9. Due to this structure, there is a capillary 
effect and an outflow from this gap, causing out-
ward fluid flow, thereby creating negative pressure. 
Eliminating inflow of fluid relieves this negative 
pressure. Therefore, our infusion off technique is 
an excellent way to release negative pressure. If 
a valved trocar is used, the outflow that creates 
turbulence can also be minimized while maintain-
ing the intraocular pressure. Many adjuvant tech-
niques (e.g., applying viscoelastic material, per-
fluorocarbon liquid, and autologous blood) have 
been developed to stabilize the flap position5,10,11. 
These techniques involve additional time-consum-
ing surgical steps; however, our techniques can 
significantly reduce surgical time, thereby having 
an advantage over these procedures. 

Conclusions

We have described the infusion direction ma-
nipulation and infusion off techniques, which fa-
cilitate the surgeon’s handling of the ILM during 
MH surgery. This method is simple and excep-
tionally practical to perform during the ILM sur-
gery and may significantly increase flap stability 
and shorten the surgical time. 
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