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Purpose: To analyze the patency rate of side-port incisions in femtosecond

laser-assisted cataract surgery (FLACS) and to assess the impact of limbus
detection quality, arcus lipoides, and limbal vessels extent on incision patency in

a prospective clinical unmasked single-centre study.

Methods: A total of 159 eyes from 123 patients undergoing FLACS with the
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surgery; Side-port incisions; Patency; Limbus
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FEMTO LDV Z8 laser were included. Side-port incision patency, limbus detection

quality, arcus lipoides, and limbal vessels extent were evaluated per corneal

quadrant using a standardized protocol.

@ OPEN ACCESS

Results: A total of 130 eyes and 259 paracenteses were submitted to analysis.
Notably, side-port incision patency was achieved in 99.2% of cases, of which 2.7%
showed bridges. In only 0.8% a blade was necessary to open the incisions. Quality
of limbus detection, arcus lipoides, and limbal vessels did not significantly affect

the patency rate (o > 0.05).

Conclusion: FLACS using the FEMTO LDV Z8 achieves exceptional side-port
incision patency, establishing its reliability as an automated alternative to

manual incisions.

Introduction

Femtosecond laser application has widely improved
anterior segment surgery [1]. Nowadays, the computer-guided
femtosecond laser, which is linked to an optical imaging
system, has four main functions in FLACS, which include the
capsulotomy, the creation of clear corneal incisions (CCls), the

https://doi.org/10.29328/journal.ijceo.1001063

treatment of keratometric astigmatism with arcuate incisions,
and lens softening owing to fragmentation [2-4]. CCI includes
the main incision and the side-port incisions, also referred
to as paracenteses. Many studies have demonstrated a high
precision and reproducibility of CCIs in FLACS [5-7]. At the
same time, CCls in FLACS are less prone to wound gape and
leakage in comparison to those from conventional cataract
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surgery [4,8,9]. Ultimately, CCIs and particularly paracentesis
patency become a critical topic. Among cataract surgeons
working with FLACS, paracenteses are often considered
challenging regarding their patency [10]. The first automated
paracenteses were of poorer quality, as they were performed
with high-energy lasers. Adjusting energy settings and using
low-energy lasers suchasthe FEMTO LDV Z8laser was a crucial
advancement. However, from the surgeon’s perspective,
paracenteses remain critical, which is due to their small size,
which can make them difficult to find, and even the slightest
bridges or adhesions can cause complete closure. In contrast,
main incisions are larger and thus easier to find, facilitating
emerging bridges to be bluntly dissected.

Of course, standardizing incisions allows for greater
precision, enhancing predictability and minimizing deviations
from the intended incision shape. This is essential to avoid
corneal refractive errors and optimize refractive outcomes
[11,12]. As cataract surgery increasingly evolves into a
refractive procedure.

With high patient expectations, this precision is important
not only for premium IOLs but also for monofocal IOLs.

When performing FLACS, the automated detection of
tissue structures is important for the preoperative planning
of CCIs. In this context, limbus detection is critical but can
be impaired by limbal vessels and an arcus lipoides [13].
Therefore, this study aimed to investigate the overall patency
of paracenteses in FLACS while analysing the impact of limbus
detection quality, arcus lipoides, and limbal vessels on the
resulting incision patency.

Materials and methods

Study design and patients

This prospective clinical unmasked single-centre study
included 159 eyes, 81 right and 78 left, from 123 patients, 80
males and 43 females, who underwent FLACS with the FEMTO
LDV Z8 (Ziemer Ophthalmic Systems, Port, Switzerland). Mean
age was 70.7 years with a standard deviation (SD) of 8.2 years.

Inclusion criteria were a cataract with indicated surgery,
patient age over 18 years, consent to the femtosecond laser-
assisted procedure, and the legal, mental, and psychological
ability to give this consent. Exclusion criteria were corneal
dystrophy, limbal stem-cell insufficiency, status post
keratoplasty, traumatic corneal scars, or congenital glaucoma,
as well as pregnancy and nursing. Written informed consent
was obtained from all patients after the nature of the study
had been explained. The study was approved by the local
Institutional Review Board (175/14,15.10.2015) and adhered
to the principles of the Declaration of Helsinki.
Femtosecond laser-assisted cataract surgery
anesthesia,

After disinfection, and eyelid retractor
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placement, the suction ring was positioned first, followed
by filling the interface with balanced salt solution before
docking the laser head. Anterior segment optical coherence
tomography (OCT) was performed, followed by capsulotomy,
core fragmentation, and CCls. After undocking of the laser
head, the incisions were opened using a special FLACS
cannula (FLACS Cannula 25G, Beaver-Visitec International,
UK). Ophthalmic viscosurgical device material was introduced
in the anterior chamber, and the capsule was removed with
forceps to create a free-floating situation. Hydrodissection,
hydrodelineation, and phacoemulsification of the nucleus
and epinucleus in the chop technique were performed,
followed by aspiration of cortical debris and posterior
capsule polishing. The folded intraocular lens (IOL) was
implanted endocapsularly and centered before aspiration
of the ophthalmic viscosurgical device material. A standard
regimen consisting of 1 mg dexamethasone and 1 mg/0.1 ml
cefuroxime was administered intracamerally. Paracenteses
were closed by freezing.

Femtosecond laser settings

The following laser settings were used to ensure
standardization: Width of the paracenteses (1 and 2 = 1.1 mm),
distance from the limbus to the paracenteses (1 and 2 =
0.1 mm), entry angle of the corneal incisions (right eye: P1
= 35°/45°, P2 = 140°/135°; left eye: P1 = 135°/15°, P2 =
315°/140° where P = paracentesis). The automated presetting
of the paracenteses is displayed in Figures 1A, 1B, and 1C.
The surgeon reserved the right to change the presetting for
corneal incisions to a more central or peripheral position
when patency was assumed to improve. The axis of the
incisions was never changed.

Scoring

The surgeon documented all intraoperative findings,
including the patency of the incisions. To evaluate the
intraoperative patency of the incisions (labeled “yes”, “no”, or
“with bridges”), the surgeon used a special cannula for FLACS
(FLACS Cannula 25G, Beaver-Visitec International, UK). If an
incision could be directly opened without resistance, it was
considered patent (“yes”). If an incision could be opened but
with resistance, it qualified as a bridge (“with bridges”). Tight
was tight (“no”). Altogether, the influence of the surgeon’s
subjective impression is considered marginal.

As described in our previously published paper [13],
automated limbus detection, the extension of the arcus
lipoides, and the occurrence of limbal vessels were evaluated
using a self-designed grading scheme (Table 1 and Figure 1D).

Statistical analysis

Statistical analysis was performed using the analysis
software “R” (version 3.6.3). Data is displayed using means,
standard deviations (SDs), or percentages, as appropriate. The
Chi-square test was used to compare categorical variables.
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Figure 1: Eye photograph (A) and anterior segment optical coherence tomography imaging (B and C) with automated pre-setting of the clear corneal
incisions using the FEMTO LDV Z8. The paracentesis 1is marked in green at 135°, and paracentesis 2 is marked in light blue at 315°. The purple and yellow
markings show the location of the main and arcuate incisions. Grading example (D): The inferior quadrant (down) showed a severe arcus lipoides
with vascularization extending over 3 hours and poor limbus detection, the temporal quadrant (left) showed a mild arcus lipoides with vascularization
extending over 2 hours and moderate limbus detection, the superior quadrant (up) showed a low arcus lipoides with vascularization extending over 3
hours and moderate limbus detection, and the nasal quadrant (right) showed a severe arcus lipoides with vascularization extending over 1hour and

poor limbus detection.

Table 1: Grading scheme for the evaluation of limbus detection, arcus lipoides, and
limbal vessels (h = clock hours).

Quality of limbus detection N/A good moderate poor
Arcus lipoides none low mild severe
‘ Limbal vessels none 0-1h 1-2h 2-3h ‘

p values (p) were two-tailed and considered statistically
significant when < 0.05. The paracenteses 1 and 2 were
summarized for statistical analysis.

Results

A total of 29 of the 159 eyes were excluded from the
statistical analysis owing to incomplete data recording. Thus,
130 eyes, 72 right and 58 left, from 108 patients, 70 males,
and 38 females, with a mean age of 70.5 + 7.8, resulting in
259 paracenteses were evaluated. No cases of postoperative
endophthalmitis were recorded.

Side-portincision patency

The paracenteses were patent in 257 of 259 cases (i.e.,
99.2%). In 2.7% of these cases, intrastromal tissue bridges
were observed, all of which were separable through blunt
manipulation. Only 0.8% of cases required a blade to open
the paracentesis. Shifting the programmed side-port incision
manually to the periphery or center had no significant impact
on patency (p = 0.60, Chi-Square). In addition, no difference
in patency rates was found between the right and left eyes
(p > 0.99, Chi-Square), nor among the analyzed quadrants
(p = 0.36, Chi-Square).

Limbus detection

The quality of limbus detection was rated as “poor” in
38.5% - 55.4% of cases, with the lowest percentage observed
in the superior quadrant and the highest in the nasal quadrant
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(Table 2). A “moderate” rating was assigned in 14.6% - 23.1%
of cases, while a “good” rating was recorded in 26.2% - 43.1%
of cases, with the lowest percentage in the nasal quadrant and
the highestin the inferior quadrant (Table 2). These variations
resulted in a significant difference among the four quadrants
(p = 0.047, Chi-Square). However, pairwise comparisons did
not reveal any significant differences (Chi-Square).

Arcus lipoides

An arcus lipoides was detected in 67% of cases in the
superior quadrant, 44.6% in the temporal quadrant, 26.2%
in the inferior quadrant, and 53% in the nasal quadrant
(Table 3). These differences were significant among all four
quadrants (p < 0.001, Chi-Square). However, when present,
the arcus lipoides was most commonly rated as “low” in
severity, ranging from 13.8% to 33.1% of cases (Table 3).
Pairwise comparisons between quadrants, considering both
the presence and graded severity of the arcus lipoides, were
largely significant (p < 0.05, Chi-Square), with the exception
of the comparison between the temporal and nasal quadrants.

Table 2: Quality of limbus detection for each quadrant.

Nasal
quadrant

Inferior
quadrant

Superior
quadrant

Temporal
quadrant

Limbus detection

Poor 50 (38.5%) = 60 (46.2%) = 55(42.3%) | 72 (55.4%)
\ Moderate 30(23.1%) | 26(20.0%) = 19 (14.6%) | 24 (18.5%)
\ Good 50 (38.5%) = 44(33.8%) | 56 (43.1%) | 34 (26.2%)

Table 3: Occurrence of arcus lipoides in each quadrant.

Arcus lipoides

Superior

quadrant

Temporal
quadrant

Inferior
quadrant

Nasal
quadrant

none 42(323%) = 72(55.4%) | 96(73.8%) = 61 (46.9%)
low 43(331%) = 38(29.2%) | 18(13.8%) = 41 (31.5%)
mild 27 (20.8%) 7 (5.4%) 6 (4.6%) 13 (10.0%)
severe 18 (13.8%) | 13(10.0%) | 10(7.69%) = 15 (11.5%)
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Limbal vessels

The distribution of limbal vessels varied significantly
across the four quadrants (p < 0.001, Chi-Square). In the
temporal and nasal quadrants, the majority of eyes had no
detectable vessels (69.2% and 62.3%, respectively; Table 4).
In contrast, limbal vessels were observed in 84.6% of cases
in the superior quadrant and 65.4% in the inferior quadrant
(Table 4). Notably, in the superior quadrant, vessels extended
across 2-3 clock hours in 42.3% of cases (Table 4). Pairwise
comparisons between the superior or inferior quadrant and
the remaining quadrants were all significant (p < 0.002, Chi-
Square).

Influence of limbus detection, arcus lipoides, and
limbal vessels on the patency: Quality of the limbus detection
was rated as “good” in both cases where paracentesis patency
was not achieved (Table 5). Tissue bridges were observed
in cases where limbus detection was rated as “poor” in five
instances and “moderate” in two. However, no significant
association was found between limbus detection quality and
either paracentesis patency or the occurrence of intrastromal
bridges (Table 5).

The arcus lipoides was rated as “low” in both cases where
patency was not obtained (Table 5). Conversely, all eyes with
an arcus lipoides rated as “severe” had patent paracenteses.
Among the seven cases with intrastromal bridges, the arcus
lipoides was rated as “low” in one case and “mild” in two
cases, while it was absent in the remaining four cases. No
significant association was found between the presence or
severity of an arcus lipoides and either paracentesis patency
or the occurrence of intrastromal bridges (p > 0.05, Chi-
Square; Table 5).

Table 4: Presence of limbal vessels in each quadrant.

Superior Inferior Nasal

Temporal

Limbal vessels

quadrant quadrant quadrant quadrant
none 20 (15.4%) | 90 (69.2%) | 45(34.6%) | 81 (62.3%)
0-1 clock hour 18 (13.8%) 31 (23.8%) 19 (14.6%) | 40 (30.8%)
1-2 clock hours | 37 (28.5%) 8 (6.15%) 33 (25.4%) 9 (6.9%)
2-3 clock-hours 55 (42.3%) 1(0.77%) 33 (25.4%) 0 (0.0%)
Table 5: Impact of limbal detection, the arcus lipoides, and limbal vessels on the pa-
tency of the paracenteses. n = total number of patients.
Patency Yes No Bridges
Total n=259 n=250 n=2 n=7
poor 126 (96.2%) 0 (0.0%) 5 (3.8%)
Limbus detection 4 ate 45 (95.7%) 0(0.0%) 2 (43%)
good 79 (97.5%) 2 (2.5%) 0 (0.0%)
none 122 (96.8%) 0 (0.0%) 4(3.2%)
Areus lipoides low 73 (96.1%) 2 (2.6%) 1 (1.3%)
mild 27 (93.1%) 0 (0.0%) 2 (6.9%)
severe 28 (100%) 0 (0.0%) 0 (0.0%)
none 151 (98.1%) 1 (0.65%) 2 (1.3%)
0-1 hour 67 (93.1%) 1 (1.4%) 4 (5.5%)
Limbal vessels
1-2 hours 25 (96.2%) 0 (0.0%) 1 (3.8%)
2-3 hours 7 (100%) 0 (0.0%) 0 (0.0%)
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Limbal vessels were absent in one of the two cases where
paracentesis patency was not achieved, while in the other, the
vessels extended over 0-1 clock hours (Table 5). Among the
seven cases with intrastromal bridges, limbal vessels were
absent in two cases, extended 0-1 clock hours in four cases,
and 1-2 clock hours in one case. Ultimately, no significant
association was found between the presence or extent oflimbal
vessels and either paracentesis patency or the occurrence of
intrastromal bridges (Table 5).

Discussion

In modern cataract surgery, CCls are now largely
preferred over scleral incisions [14]. The primary advantages
of CCIs include faster visual recovery, shorter procedure
times, sutureless wounds, and a reduced risk of bleeding.
However, the technique also presents certain disadvantages,
such as higher rates of wound leakage, postoperative
endophthalmitis, and surgical-induced astigmatism (SIA), as
well as an increased risk of endothelial cell loss [14]. Several
studies have explored various CCI techniques in an effort to
identify those with the fewest disadvantages. One key factor
in minimizing complications is ensuring proper sealing of
the incision, which helps reduce the risk of postoperative
hypotony and wound leakage, both of which are significant
risk factors for developing postoperative endophthalmitis
[14,15]. Additionally, the localization, size, and architecture
of the incision are important for the success of CCIs. Grewal
and Basti compared the morphological characteristics of CCls
created with either a femtosecond laser or a keratome using
anterior-segment OCT [16]. They found that femtosecond
laser-generated CCls exhibited significantly less endothelial
gaping and misalignment, Descemet membrane detachment,
and posterior wound retraction compared to keratome-
created CCls. Furthermore, femtosecond laser-generated CCI
were within 10% of the intended length, depth, and angle,
demonstrating high accuracy and reproducibility [16]. These
findings align with those from Ferreira, et al. who reported
superior reproducibility of femtosecond laser-generated CCIs
in terms of SIA and wound architecture [17].

Current research suggests that corneal incisions should be
created as close to the limbus as possible for optimal outcomes
[18]. Additionally, multiple studies indicate that incisions
smaller than 3 mm provide greater stability, reduce wound
leakage, and have a lower impact on SIA compared to larger
incisions [19-24]. In this study, all incisions were precisely
positioned 0.1 mm from the limbus, with paracenteses
measuring 1.1 mm in width. Since wound leakage and SIA
were not the primary focus of this study, they were not
specifically analyzed. However, based on existing literature,
it can be reasonably assumed that the 1.1 mm paracenteses
would exhibit minimal wound leakage and a negligible impact
on SIA [9,16,17].

The automated detection of tissue structures plays a crucial
role in FLACS, particularly for preoperative planning, including
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capsulotomy, lens fragmentation, and corneal incisions [25].
In a previous study, we showed that neither limbus detection
quality nor the presence of an arcus lipoides significantly
affected incision patency. However, a pronounced presence
of limbal vessels was associated with a lower patency rate.
Despite this, the overall patency rate of the main incisions
remained high at 97% [13].

While several studies highlight the advantages of
automated cutting systems in FLACS for CCls, most cataract
surgeons using lasers still perform side-port incisions
manually with a keratome [10]. However, our results indicate
an excellent patency rate of over 99% when using a blunt
cannula to open the paracentesis pre-cut by the FEMTO LDV
78 laser. Tissue bridges were observed in fewer than 3% of
these cases. Although limbus detection was rated as “poor”
in approximately 40% - 50% of cases across all quadrants, it
did not significantly impact patency. Similarly, neither arcus
lipoides nor limbal vessels had a significant effect on the
patency rate.

Further studies with larger case numbers will be
necessary to better identify factors contributing to non-patent
paracenteses. Given the extremely high patency rate achieved,
the number of non-patent cases remains very small, making
further analysis herein challenging.

Comparing these results with manual incisions is difficult.
While manual incisions are always open, they exhibit
greater variability in size, length, and positioning. The key
advantage of FLACS is its ability to achieve near-perfect
precision and reproducibility. Importantly, the relatively poor
limbus detection in some cases did not compromise patency
outcomes.

Notably, no cases of postoperative endophthalmitis were
reported in this study. In a previous study, we did not observe
a decrease in endothelial cell density in a similar cohort [26].

The high precision and reproducibility of FLACS incisions
could play a crucial role in surgical training and broader
adoption. For less experienced surgeons, the laser offers the
advantage of creating incisions with standardized depth,
width, and positioning, leading to more consistent outcomes.
This increased consistency could enhance the integration of
FLACS into training programs and, over time, promote its
wider adoption.

Our findings suggest that automated paracentesis should
be considered a standard option in the FLACS protocol,
particularly in institutions that already use FLACS for the
main incision but continue to perform paracentesis manually.
Despite the high patency rate observed, several questions
remain for future studies, such as whether the position or
architecture of the incision influences long-term refractive
outcomes and whether adjustments to laser energy or incision
guidance could further improve patency rates or reduce
intrastromal tissue bridges.
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Side-port incisions or paracenteses in cataract surgery
remain underrepresented in the literature, particularly
in the context of FLACS, limiting the comparability and
reproducibility of data. A recent study by Lin, et al. compared
two femtosecond laser systems for cataract surgery, the
LenSx and the FEMTO LDV Z8, and, to our knowledge, it is
the only study aside from ours to analyze the patency of side-
port incisions in FLACS [27]. Their findings demonstrated a
high overall patency rate (~90%), though lower than what
we observed. Notably, Lin, et al. did not examine the impact
of limbal vessels, arcus lipoides, or limbus detection quality
on incision patency [27]. They did, however, suggest that
incisions placed closer to the limbus might be more difficult
to open due to increased corneal thickness and reduced
transparency toward the periphery [27]. This contrasts with
our study, where paracenteses were created just 0.1 mm from
the limbus, and manually adjusting the side-port incision
position had no statistically significant effect on patency.

Conclusion

Our results provide strong evidence to address concerns
regarding automated side-port incision creation in FLACS.
With a patency rate exceeding 99%, our study demonstrates
that FLACS side-port incisions with the FEMTO LDV Z8 are
highly performant. Moreover, neither poor limbus detection
nor the presence of limbal vessels nor an arcus lipoides
significantly affected paracentesis patency.

These results provide direct evidence supporting the high
clinical value of the automated presetting and femtosecond
laser cutting system for paracenteses as a viable alternative to
manual incision techniques.
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