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ABSTRACT

Introduction: Rhegmatogenous retinal detach-
ment (RRD) with extensive choroidal detach-
ment (CD), suprachoroidal fluid (SCF), and
lower intraocular pressure (IOP) markedly
increase the difficulty of pars plana vitrectomy
(PPV) because it makes the insertion and
placement of the trocar cannulas for PPV time-
consuming and technically challenging. In this
study, we developed a systemic approach that
avoids the risks of sclerotomy or using a longer
trocar to help in the safe placement of the trocar
cannulas in order to prevent inadvertent fluid/
air perfusion during PPV in RRD eyes with
extensive CD, SCF, and hypotony.
Methods: This is a prospective case series study.
Consecutive patients diagnosed with RRD with
extensive CD, SCF, and hypotony were recrui-
ted. The main steps included injecting
transconjunctival intravitreal fluid to increase
IOP and enable the passive egress of SCF into

the subconjunctival space, creating and broad-
ening the inner opening for the trocar cannulas,
transillumination with an endoillumination
light pipe, and indentation of the infusion
cannula to create maximum visual exposure of
the inner segment and help peripheral shaving
around the infusion tip. Main outcomes: the
success rate of the infusion placement into the
vitreous cavity, surgical duration, intra- and
postoperative complications, and functional
and anatomical outcomes.
Results: Thirty-eight patients (38 eyes) were
included. The first-time success rate of cannula
placement into the vitreous cavity was 100%,
with a mean surgical duration of 8.5 ± 1.8 min.
No intra- or postoperative complications related
to the approach were observed. Significant
vision improvement was noted in 68.4% (26/
38) of the patients at the final follow-up. The
primary and final retinal reattachment rates
were 94.7% (36/38) and 100% (38/38),
respectively.
Conclusion: This systemic approach is a feasi-
ble option to ensure the safe placement of trocar
cannulas and prevent inadvertent perfusion
during small-gauge PPV in RRD eyes with
extensive CD, SCF, and hypotony, without the
need for a draining sclerotomy, a longer trocar,
or a sharp clearing of the cannula tip.
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INTRODUCTION

Extensive choroidal detachment (CD) associ-
ated with rhegmatogenous retinal detachment
(RRD) is an unfavorable condition for surgical
intervention [1–3]. The presence of supra-
choroidal fluid (SCF) and lower intraocular
pressure (IOP) are two concomitant abnormali-
ties with CD-RRD [2, 4–6]. Anatomically, it
makes the insertion and placement of trocar
cannulas for pars plana vitrectomy (PPV) time-
consuming and technically challenging. Vari-
ous adjuvant techniques have been proposed to
solve these problems, including the adminis-
tration of steroids, sclerotomy to create passive
drainage of the SCF, increasing IOP with an
intravitreal injection of balanced saline solution
(BSS), and penetration with a longer trocar
(6 mm) [7–13]. The theoretical risks include the
side effects of the drug and iatrogenic trauma of
the transparent lens, which might consequently
increase surgical difficulty and worsen patient
prognosis. Draining the sclerotomy creates
unnecessary trauma to the sclera and the
underlying choroidal tissue. Secondary chor-
oidal hemorrhage can occur after that, espe-
cially when the eyes are hypotonic.
Additionally, longer trocars are not always
readily available in certain areas of the world
(including the authors’ institution as well as
most ophthalmic institutions in China).

In the era of microincision vitrectomy (MIV),
how can we maximize the usability of the trocar
cannula to solve the aforementioned problems?
With the introduction of MIV systems, the
trocar cannula has enabled us to perform infu-
sion placement more safely and effectively
[14–16]. However, the concomitant presence of
extensive CD, SCF, and hypotony appears to be
a major barrier to surgeons starting PPV because
the surgeon has to make extra efforts to ensure
the trocar cannula sufficiently penetrates the
vitreous cavity; otherwise, inadvertent perfu-
sion of fluid/air can occur. Inadvertent perfu-
sion is a serious intraoperative complication

during PPV. Inadvertent perfusion refers to a
series of adverse events during PPV when the
infusion of fluid/air is under the open status,
such as fluid/air injection into the subreti-
nal/suprachoroidal space and slippage of the
infusion cannula from the sclera tunnel. As far
as we know, the details of the proposed tech-
niques vary a great deal, which makes the pro-
cess difficult for other surgeons to master and
achieve clear outcomes. To the best of our
knowledge, there has not been any stepwise and
systemic approach to solve the problems based
only on the trocar cannula system. Therefore,
we have developed a systemic approach that
does not use a draining sclerotomy or longer
trocar to help with the safe placement of trocar
cannulas, thus preventing inadvertent fluid/air
perfusion during PPV in RRD eyes with exten-
sive CD, SCF, and hypotony.

METHODS

Subjects

This study was approved by the institutional
research committee of the Zhongshan Oph-
thalmic Center of Sun Yat-sen University
(Guangzhou, China) and performed in accor-
dance with the World Medical Association’s
Declaration of Helsinki. Written informed con-
sent was obtained from each patient. The cur-
rent study was an academic conclusion to share
our surgical team’s clinical performance and
was designed as a consecutive case series study.
Thus, trial registration was not required.

The patients who met the following inclu-
sion criteria were prospectively recruited: diag-
nosed with RRD (confirmed by ultra-B scanning
and dilated fundoscopy) (Fig. 1) with preopera-
tive hypotony (IOP B 9.0 mmHg; measured by
non-contact tonometry), the existence of
extensive SCF, and ciliary/choroidal detach-
ment (confirmed by ultra-B scanning and
ultrasound biomicroscopy) (Fig. 2a, b). Exclu-
sion criteria: significant opacity of the visual
axis caused by disease of the anterior segment
(except for cataracts); postoperative follow-up
of less than 3 months, and other serious eye
diseases.
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Surgical Techniques

All the surgeries were performed under local
anesthesia by two experienced surgeons (Z.Z.
and S.Z.) at Zhongshan Ophthalmic Center
(ZOC) of Sun Yat-sen University, Guangzhou,
China. Standard 3-port, 25-gauge PPV (Con-
stellation Vitrectomy System, Alcon Laborato-
ries, Fort Worth, TX) and wide-angle viewing
systems (Carl Zeiss Meditec AG, Jena, Germany)
were used for all of the cases. During the vit-
rectomy, the cutting rate was set to 5000 cuts/
min (duty cycle = 50/50), with an infusion
pressure ranging from 25 to 35 mmHg. In order
to make this systemic approach brief and easy to
follow, it is described step by step, as follows:

1. Inject the BSS to Increase IOP. The injection
site was 3.5–4.0 mm posterior to the limbus
at the superotemporal quadrant (or where
the most elevated CD was located). A com-
mercially available fine, short needle
(0.36 mm in diameter and 13 mm in length;
KDL�, KDL Medical Equipment CO, Ltd.,
Shanghai, China) was used for the intravit-
real injection. The needle was withdrawn
once IOP increased to Tn/?1, and passive
egress of the SCF into the subconjunctival
space through the injection site was
observed (Fig. 3a).

2. Insert the Infusion Cannula at the Inferotem-
poral Quadrant. The infusion trocar cannula
was inserted without the need to determine
whether the inner opening had been com-
pletely inserted into the vitreous cavity.
However, care must be taken to avoid
inadvertent perfusion, which can occur if
fluid infusion is connected and begun in
the current scenario (Fig. 3b).

3. Create an Inner Opening for the Infusion
Cannula. The needle used in step 1 was
reintroduced to make a BSS injection
through the inferotemporal infusion can-
nula. The objectives of this step include
maintaining IOP after the egress of SCF and
creating an inner opening for the infusion
cannula.

4. Broaden the Inner Opening of the Infusion
Cannula. A commercially available flat-
headed needle (0.5 mm in diameter and
20 mm in length; KDL�, KDL Medical

Fig. 1 Wide-angle fundoscopy revealed RRD with exten-
sive elevation of the underlying choroidal

Fig. 2 a Ultra-B scanning revealed extensive retinal detachment and CD; b ultrasound biomicroscopy revealed the existence
of SCF (white asterisks) and ciliary/choroidal detachment (white arrows)
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Equipment CO, Ltd., Shanghai, China) was
introduced to make the BSS injection
through the infusion cannula. The main
objective was to broaden the inner opening,
thus preventing the risk of sharp iatrogenic
trauma of the vitreous base.

5. Transilluminate the Infusion Cannula. The
endoillumination light pipe was an ideal
instrument to inspect whether the inner
opening of the infusion cannula had been
successfully created. Additionally, the sur-
geon was able to judge whether the inner
opening was surrounded by condensed
intraocular tissues according to the light
emitting through the pupil area (Fig. 3c).

6. Connect the Infusion Line Without Switching
on the Fluid Infusion. After the inner opening
of the infusion cannula had been created,

we connected the infusion line to the
cannula. It is strongly recommended not
to start the fluid infusion in the current step
because complete penetration of the inner
opening of the infusion cannula cannot be
confirmed. The possible existence of con-
densed intraocular tissues around the inner
opening prevents fluid infusion during
vitrectomy.

7. Insert the Upper Trocars and Repeat Steps 3 and
4. The objective of this step was to ensure
that the endoillumination light pipe and
vitrectomy probe had an enough passage
for intravitreal manipulations. If the can-
nula tip was covered by the choroidal
tissues (Fig. 3d), repeated in-and-out move-
ment of the intravitreal instruments will
push or drag the pars plana epithelium or

Fig. 3 Representative snapshots of surgical videos: a passive
egress of SCF into the subconjunctival space from the
injection site (white arrow); b the infusion cannula has not
penetrated well into the vitreous cavity and is partially
surrounded by choroidal tissues (white arrow);

c transillumination reveals condensed intraocular tissues
around the infusion cannula (black arrow); d the inner
opening of the upper trocar cannula is completely covered
inside by choroidal tissues (white arrow); crude introduc-
tion of the intravitreal instruments might be accidental
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vitreous base ahead of them, causing iatro-
genic ora serrata dialysis and/or retinal
breaks.

8. Indentation and Peripheral Shaving of the
Infusion Cannula. After introduction of the
vitrectomy probe and light pipe, the assis-
tant created an indentation of the infusion
cannula centripetally with forceps (without
switching on the fluid infusion). When
shaving the peripheral vitreous around the
infusion cannula, proliferative strands/
membranes (if present) should be shaved
off together. Any detached choroidal tissues
(if present) covering the tip of the cannula
can simultaneously be pushed backwards to
the eye wall with the vitrectomy probe to
completely liberate the infusion cannula in
the vitreous cavity. The indentation enables
maximal exposure of the inner segment of
the infusion cannula in the vitreous cavity.
Additionally, it maintains IOP when there is
peripheral vitreous shaving around the
cannula as infusion has not been started.
Finally, the fluid infusion was turned on
and the indentation of the infusion cannula
was withdrawn. Thereafter, the surgeon
continued with the routine procedures to
achieve retinal reattachment. Surgical
details are demonstrated in the video (Sup-
plemental Digital Content https://doi.org/
10.6084/m9.figshare.7127138).

Outcome Measures

Follow-up examinations were scheduled at
1 day, 1 week, 1 month, 3 months, and no less
than 6 months after surgery. All eligible patients
underwent comprehensive ophthalmologic
examinations during the entire follow-up,
including Snellen best-corrected visual acuity
(BCVA) tests, non-contact tonometry, slit-lamp
microscopy, and dilated fundoscopy. The main
outcomes included the first-time success rate of
complete penetration of the infusion trocar into
the vitreous cavity, the time duration to per-
form the systemic approach, intra- and postop-
erative complications, postoperative BCVA, and
primary and secondary rates of retinal
reattachment.

Statistical Analysis

All data were analyzed using SPSS 19.0 statistical
software (SPSS Inc., Chicago, IL, USA). Contin-
uous and categorical variables were described as
mean ± standard deviation and proportion (%),
respectively. For continuous measurement data,
the two-sample t test or Mann–Whitney test was
used to compare the differences, as appropriate.
All Snellen visual acuity values were converted
to the logarithm of the minimum angle of res-
olution (logMAR) for statistical analysis. The
visual acuity of light perception was assigned as
2.9, hand movements (HM) as 2.6, and count-
ing fingers as 2.3. Postoperative vision
improvement was defined as a postoperative
gain of two or more Snellen lines of visual
acuity or a postoperative change of ambulatory
vision to no less than Snellen 20/400. A two-
sided P value less than 0.05 was considered
statistically significant.

RESULTS

Thirty-eight eye patients (38 eyes, phakia/
pseudophakia = 20/18; male/female = 23/15)
were included, with a mean age of
46.4 ± 13.9 years (20–74 years). The mean pre-
operative IOP was 6.4 ± 1.4 mmHg
(5–9 mmHg). The mean preoperative logMAR
BCVA was 1.623 ± 1.587 (Snellen equivalent
range, HM-20/100). The mean logMAR BCVA at
the final follow-up was 0.830 ± 0.486 (Snellen
equivalent range 20/2000–20/40), with a statis-
tically significant difference when compared to
the preoperative measurements (P\0.001);
68.4% (26/38) of the patients gained significant
vision improvement at the final follow-up. The
first-time success rate of complete penetration
of the infusion cannula was 100%, without any
case experiencing inadvertent perfusion of BSS/
air during all the surgical procedures. The mean
surgical duration to perform the whole systemic
approach was 8.5 ± 1.8 min (range
6.5–12.0 min). Other intraoperative complica-
tions were not observed, such as eye collapse,
choroidal hemorrhage, trauma to the lens, and
iatrogenic retinal breaks. No related postopera-
tive complications were found. The primary and
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final retinal reattachment rates were 94.7% (36/
38) and 100% (38/38), respectively.

DISCUSSION

In the current article, we have introduced a
systemic approach to achieving complete
insertion of the infusion cannula for both pha-
kic and pseudophakic eyes with extensive CD,
SCF, and hypotony. The pathogenic mecha-
nism of the associated CD in RRD (CD-RRD)
patients has been the focus of many studies, and
hypotony and inflammation have been revealed
as two significant factors [2, 4–6, 17, 18]. The
incidence of CD-RRD was reported to be
2.0–18.79%; the risk factors include old age,
high myopia/longer axial length, aphakia/
pseudophakia, hypotony, and macular holes
[1, 2, 4, 19]. Regardless of the mechanism and
risk factors, the current approach aimed to solve
the three concomitant surgical challenges (CD,
SCF, and hypotony), which surgeons sometimes
must resolve before vitrectomy can be safely
performed.

It is understandable from an anatomical
perspective why the existence of these three
concomitant conditions may markedly increase
surgical difficulty and increase the risk of scle-
rotomy [6, 9, 10, 13]. In the case of hypotony,
the trocar cannula cannot easily penetrate the
vitreous cavity because of the lack of sufficient
back force from the eye wall. Choroidal hem-
orrhage and iatrogenic trauma to the lens can
happen after the collapse of the eye wall during
trocar insertion. The SCF accumulating at the
pars plana limits maximal exposure of the
infusion tip in the vitreous cavity, or it can even
embed the whole cannula underneath the
choroidal tissues. We believe that it would lead
to iatrogenic damage if the infusion were star-
ted in that case. The detached choroidal tissues
can partially cover the inner opening of the
cannulas, and the repeated in-and-out intravit-
reous maneuvers can push or drag the pars
plana epithelium or vitreous base, causing
iatrogenic ora serrata dialysis and/or retinal
breaks. However, the potential of MIV systems
to help solve these problems cannot be ignored
if there is a well-designed surgical approach.

The advantages of MIV systems are well
documented, covering a wide range of vitreo-
retinal diseases under complex conditions
[20–23]. The trocar cannula system provides a
reliable tool for easy and safe three-port sclero-
tomies. Nonetheless, the presence of the prob-
lems mentioned above sometimes limits the full
usability of this tool. The most frequently rec-
ommended solutions are introducing a longer
trocar (6 mm) and clearing the infusion tip with
a MIV blade from another sclerotomy
[9–11, 13]. However, a longer trocar is not
always available in some areas of the world
(such as the authors’ institution and other
ophthalmic institutions in China because of
local laws and regulations). Clearing the infu-
sion tip with a MIV blade can cause sharp
trauma to the lens and choroidal tissues, which
increases surgical difficulty and worsens patient
prognosis.

The essence of the surgical approach is
maintaining IOP to prevent the collapse of the
eye wall, creating and broadening the inner
opening for the infusion cannula, and indent-
ing the infusion trocar to allow for maximum
visual exposure of the inner segment of the
infusion trocar and its complete liberation in
the vitreous cavity. The results suggest that the
current approach enabled us to solve these
challenging conditions with a step-by-step
approach, without the need for sclerotomy or
any other maneuvers related to the anterior
chamber. Finally, the current approach strictly
follows the rules of microincision and ensures
the full usability of the 25-gauge vitrectomy
pack as conversion to 20-gauge infusion or
enlarged sclerotomy to allow the release of the
SCF was not needed throughout the entire
procedure.

There were several limitations that should be
acknowledged. This is a consecutive case series
study without a control group, and no other
surgical techniques, such as a longer trocar or a
MIV blade, were used to draw the conclusions.

CONCLUSIONS

The current approach is a feasible option to
prevent inadvertent fluid/air perfusion during
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PPV in RRD eyes with extensive CD, SCF, and
hypotony. Continuous refinement of the cur-
rent method is expected in the future.
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