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Abstract

Purpose To evaluate the safety of femtosecond

laser-assisted cataract surgery (FLACS) combined

with 25- or 27-gauge vitrectomy.

Methods This retrospective study included patients

who underwent FLACS combined with 25- or

27-gauge vitrectomy at the Jikei University School

of Medicine in Tokyo, Japan, between August 2016

and April 2018 and were followed up for C 3 months

postoperatively. In all cases, anterior capsulotomies

and fragmentations of crystalline lenses were per-

formed using a femtosecond laser. After FLACS, 25-

or 27-gauge vitrectomy was performed. All intraop-

erative and postoperative complications due to

FLACS and vitrectomy were examined.

Results A total of 34 eyes from 34 patients were

included. In 33 cases, complete coverage of the

intraocular lens (IOL) by the anterior capsular edge

was achieved. One case had posterior capsule rupture

due to mis-suction during emulsification and

aspiration of a fragment of the nuclear lens after

capsulotomy. The IOL was fixed at the sulcus.

Postoperative complications included endophthalmitis

and macular edema in one eye, epiretinal membranes

in two eyes, and postoperative capsular opacification

in two eyes. The femtosecond laser caused no

postoperative complications. There were no cases of

intraoperative or postoperative iris capture or IOL

subluxation.

Conclusions In most cases, FLACS provided good

IOL fixation in the capsule without affecting the intra-

or extraocular pressure and good vision during or after

the operation. FLACS combined with 25- or 27-gauge

vitrectomy should be performed considering the

advantages and disadvantages of femtosecond laser

usage.

Clinical trial registration Japan Clinical Trials

Register; number: UMIN000021814.

Keywords FLACS � Vitrectomy � Capsulotomy �
Femtosecond laser � Complication

Introduction

Femtosecond laser-assisted cataract surgery (FLACS)

has recently become popular worldwide [1]. Fem-

tosecond laser methods provide some advantages in

cataract surgery [2–4]. Laser anterior capsulotomy,

fragmentation of the crystalline lens, and corneal
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incisions can be performed easily during operations

with the aid of optical coherence tomography images

of the anterior segment in FLACS [5]. These steps

have led to improvements in the accuracy and

reproducibility of cataract surgery.

One of the advantages of FLACS is that it is

possible to accomplish an accurate anterior capsulo-

tomy in the center of the crystalline lens, ensuring

proper intracapsular fixation of the intraocular lens

(IOL). This reduces the risks of dislocation and

decentration of the IOL after surgery [6, 7]. Well-

centered and appropriately sized anterior capsulotomy

is essential to maximize the performance of the IOL,

and this is even more critical for premium IOLs (i.e.,

toric, multifocal, and accommodating IOLs) [8].

In addition to considerations relating to procedural

accuracy, another advantage of FLACS pertains to

lens fragmentation. Phacoemulsification energy dam-

ages corneal endothelial cells [9]. Nucleus fragmen-

tation decreases the energy and duration of

phacoemulsification, thus reducing the risk of altering

corneal transparency [10, 11].

The third advantage of FLACS is the creation of a

wound in the cornea. A constant repeatable corneal

incision renders the length of the tunnel constant, in

contrast to a manually created wound. Furthermore, by

creating arcuate corneal incisions, it is possible to

reduce corneal astigmatism [12], resulting in earlier

recovery of vision after surgery.

FLACS has recently been used in combination with

vitrectomy [13–16]. Bali et al. [13] have published a

series of eight cases with 25-gauge vitrectomy, and

Gómez-Resa et al. [14] have published 21 cases with

23-gauge vitrectomy. They concluded that FLACS is an

effective technique for vitrectomy combined cataract

surgery. However, few reports have discussed about the

effect of femtosecond laser to combination surgery with

25- or 27-gauge vitrectomy. Here, we investigated the

advantages of each step of FLACS with vitrectomy.

Additionally, we described the intra- and postoperative

complications of FLACS and vitrectomy.

Materials and methods

We reviewed the medical records of the patients who

underwent FLACS combined with 25- or 27-gauge

vitrectomy for vitreoretinal disease performed by four

surgeons at the Jikei University School of Medicine in

Tokyo, Japan, between August 2016 and April 2018.

The study adhered to the tenets of the Declaration of

Helsinki, and institutional review board approval was

obtained. All participants provided written informed

consent to participate in the study.

All participants underwent comprehensive ophthal-

mological examinations such as slit lamp examination,

fundus examination, and optical coherence tomogra-

phy (OCT) before and after surgery.

Surgical technique

In all cases, anterior capsulotomy and fragmentation

of the crystalline lens were performed with a fem-

tosecond laser (CATALYS�, Abbott Medical Optics

Inc., Santa Ana, CA, USA). The intended anterior

capsulotomy diameter was from 5.1 to 6.0 mm, and

the lens was to be fragmented into four or six

segments. Hydrodissection was not performed in

cases with fragmentation. The incision for cataract

surgery was performed manually using a 2.4-mm slit

knife, and after removal of the crystalline lens, IOLs of

6.0 mm, 6.5 mm, or 7.0 mm diameter were inserted

into the capsule. In all cases, 25- or 27-gauge

vitrectomy (Alcon Constellation Vision System, Fort

Worth, TX, USA) was performed using a Resight

(Carl Zeiss Meditec AG, Germany) wide-angle view-

ing system. Sutures were used in cases in which the

port did not self-seal. Fluid-gas exchange was per-

formed if necessary for treatment.

Postoperative outcomes

Postoperative follow-up was performed every day for

1 week after surgery and then at 2 weeks, 1 month,

and 3 months. Subsequent follow-up visits were

decided at the discretion of the surgeon. Only patients

with a minimum of 3 months of follow-up were

included. Preoperative and postoperative visual acu-

ity, deviation from the predicted refraction value, axial

length, and intraoperative and postoperative compli-

cations due to the combined FLACS and vitrectomy

were evaluated.

Results

The preoperative characteristics of the selected

patients are shown in Table 1. A total of 34 eyes of
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34 patients were included. Vitrectomy was performed

with a 25-gauge needle in 33 eyes and with a 27-gauge

needle in one eye. The mean age was 64.8 ± 0.7 years

(range, 52–79 years) and the male: female ratio was

23:18. The mean follow-up period was 10 months

(range, 3–31 months). There were no moderate or

severe cataracts that affected best-corrected visual

acuity.

Surgical outcomes

The mean preoperative best-corrected visual acuity

was LogMAR 0.51 ± 0.51, and the mean postopera-

tive best-corrected visual acuity at the end of follow-

up was LogMAR 0.1 ± 0.33. The mean ocular axial

length was 24.49 ± 1.39 mm. The mean difference

between predicted refraction and postoperative refrac-

tion was 0.49 ± 0.65.Macular hole closure and retinal

laser application were achieved in all patients. The

forms of postoperative tamponade applied to the eyes

are shown in Table 2.

Intraoperative complications

Laser capsulotomy and IOL sizes are shown in

Table 3. There were no complications during FLACS,

such as suction loss, incomplete capsulotomy, capsu-

lar tags, femtosecond laser-induced miosis, or anterior

or posterior capsular tears.

Complete coverage of the IOL by the anterior

capsular edge was possible in 33 eyes in which the IOL

could be fixed inside the capsule, and there were no

cases in which the IOL moved out of the capsule or

captured the iris during or after the vitrectomy.

Intraoperatively, there was one case in which the

posterior capsule ruptured due to mis-suction during

emulsification and aspiration of the nuclear lens after

performing the anterior capsulotomy with the fem-

tosecond laser. The lens cortex was removed from the

vitreous side using a cutter after making three

25-gauge ports, and then, a 7-mm IOL was fixed in

the sulcus.

Postoperative complications

Clinical data and postoperative complications are

shown in Table 4. There was one case of postoperative

endophthalmitis after vitrectomy for epiretinal mem-

brane (ERM) that developed within 1 week after

surgery, in which the patient underwent vitrectomy

again immediately. Macular edema occurred

2 months after reoperation. The edema was not treated

because visual acuity was not decreased.

Two cases of postoperative ERM were observed in

two cases of proliferative diabetic retinopathy (PDR).

One was diagnosed at 2 months, and one was

diagnosed at 8 months after surgery. In one case,

Table 1 Patient characteristics

Characteristics Values

No. of patients 34

Gauge

25 33

27 1

Age (years) 64.8 ± 0.7

M/F 23/18

Diagnosis

ERM 15

MH 10

PDR (VH) 6

RRD 3

AL (mm) 24.49 ± 1.39

Pre-op BCVA 0.51 ± 0.51

Post-op BCVA 0.1 ± 0.33

Refraction error (D) 0.49 ± 0.65

AL axial length, BCVA best-corrected visual acuity, D diopter,

ERM epiretinal membrane, F female, M male, MH macular

hole, PDR proliferative diabetic retinopathy, Post-op
postoperative, Pre-op preoperative, RRD rhegmatogenous

retinal detachment, VH vitreous hemorrhage

Table 2 Forms of intraocular tamponade applied

Diagnosis BSS (n) Air (n) SF6 (n) Oil (n)

ERM 11 4 0 0

MH 0 1 9 0

PDR (VH) 5 0 0 1

RRD 0 0 3 0

Total (%) 16 (47%) 5 (15%) 12 (35%) 1 (3%)

BSS balanced salt solution, ERM epiretinal membrane, MH
macular hole, Oil silicone oil, PDR proliferative diabetic

retinopathy, RRD rhegmatogenous retinal detachment, SF6
sulfur hexafluoride, VH vitreous hemorrhage
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ERM was resolved after a second operation to remove

ERM and recurrence was not observed. In the other

case, the patient did not want to undergo an additional

operation.

There were two cases of postoperative posterior

capsular opacification (PCO) in two cases with PDR

and RD. One case of PCO required yttrium aluminum

garnet (YAG) laser treatment 16 months after the first

vitrectomy and recovered the visual acuity, and

another did not require YAG laser treatment because

the affected eye showed good visual acuity (LogMAR

0).

Discussion

There are some reports describing FLACS surgery

combined with vitrectomy, and the associated poten-

tial advantages and disadvantages [13–16]. There have

been few detailed investigations of complications in

25- or 27-gauge vitrectomy combined with FLACS;

therefore, in the present study, we sought to investi-

gate the advantages of FLACS with 25- or 27-gauge

vitrectomy. Additionally, we assessed the intra- and

postoperative complications of FLACS with

vitrectomy.

The results of our study show that laser capsulo-

tomy has the greatest advantage of the combined

FLACS and vitrectomy surgery. In some cases of

vitrectomy, fluid–gas exchange is performed for

treatment and scleral indentation is performed for

visualization of the peripheral fundus. Even if the IOL

is in the correct position at the end of cataract surgery,

there are risks of IOL dislocation in the capsular bag

and out of the capsule. Further, iris capture caused by

pressure from gas or scleral indentation may occur. In

the current study, seven sizes of capsulotomies were

used to insert three different IOL sizes. There was no

incidence of iris capture or dislocation of the IOL after

vitrectomy. Previous reports also indicated that one

advantage of laser capsulotomy is a reduced risk of

IOL prolapse into the anterior chamber in eyes to

which gas tamponade is applied [13–15].

Another benefit of laser capsulotomy relates to the

contraction of the lens capsule after surgery. Friedman

et al. [8] compared the strength of the capsule after

manual capsulorhexis and after laser capsulotomy in

46 porcine eyes. They argued that laser-created

capsulotomies may be over twice as strong as those

created manually. Following vitrectomy, fibrin tissue

may be affected by forms of postoperative inflamma-

tion such as PDR and proliferative vitreoretinopathy.

These complications can cause anterior capsule con-

traction and reduce fundus visibility. Therefore, it is

important for the edge of the anterior capsulotomy to

be strong after the operation. However, the existing

literature fails to mention that the anterior capsulo-

tomy edge strength achievable with FLACS is an

important advantage of vitrectomy surgery combined

with FLACS.

It is also important to maintain intraoperative

visibility during vitrectomy. In vitreous surgery,

reduced visibility when treating the parafoveal and

peripheral retina may lead to complications, such as

macular hemorrhage and iatrogenic tears. FLACS can

reduce the energy required during surgery, endothelial

cell loss after surgery, and corneal edema during

surgery. However, direct incisions into the corneal

stroma should be avoided as they can lead to loss of

visibility.

When corneal or arcuate incisions are made, gas is

generated in the corneal stroma, leading to the

Table 3 Intraocular lenses and laser capsulotomy sizes

Intraocular lens Laser capsulotomy size (mm) Total (n)

5.1 5.3 5.4 5.5 5.6 5.8 6.0

X70 1 2 27 5 1 36

YA65BB 2 2

W60 1 1 2

PCB00V 1 1

X70 = Eternity X70, Santen Corporation, Osaka, Japan; YA65BB = YA65BB Hoya Corporation, Tokyo, Japan; W60 = Eternity

Natural Uni W60, Santen Corporation, Osaka, Japan; PCB00V = TECNIS PCB00V, Amo Japan Corporation, Tokyo, Japan
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possibility of reduced intraoperative visibility [16]. In

addition, corneal incisions made by femtosecond

lasers do not close as well as manual incisions [17].

Nonetheless, when corneal incisions were made with a

femtosecond laser, 92.6% were successfully

completed, although there were some cases in which

it was necessary to create a new incision at another

position [5].

Due to the risk of reducing visibility, corneal and

arcuate incisions were not made using the laser in the

Table 4 Clinical data and postoperative complications

Age

(year)

R/L Diagnosis G Pre-op

BCVA

Pre-op

Ref

Post-op

BCVA

Post-op

Ref

AL (mm) Complications

64 L PDR 27 1.40 - 3 0.20 - 0.75 24.5 ERM, PCO

69 L PDR 25 1.70 0 1.70 - 1.75 23.71 None

57 R ERM 25 0.70 - 0.125 - 0.10 0 24.31 None

65 L RD 25 0.10 - 4.625 0.00 - 4.375 25.79 PCO

53 L PDR 25 1.50 0 0.20 - 2.875 24.65 None

52 R PDR 25 0.70 - 1.5 0.30 - 0.875 23.64 ERM

75 R MH 25 1.50 1 0.50 - 0.875 22.3 None

69 L MH 25 0.70 - 1 0.70 - 1.375 23.54 None

73 L PDR 25 0.80 - 2.25 0.20 - 0.75 23.61 None

72 L MH 25 0.30 - 0.625 0.10 - 1 23.03 None

68 L MH 25 0.40 - 0.625 0.20 - 0.75 23.24 None

74 R ERM 25 0.20 0.5 - 0.10 - 0.25 23.35 None

71 L PDR 25 1.10 - 5 0.05 - 2.5 25.69 None

53 L ERM 25 0.20 - 9.625 - 0.20 - 5.5 27.36 None

57 R ERM 25 - 0.10 - 0.5 - 0.20 0 27.44 None

62 L RD 25 - 0.20 - 2 - 0.20 - 2 24.61 None

58 L MH 25 0.40 - 3.875 0.00 - 4.5 24.61 None

56 L ERM 25 - 0.20 - 2 0.05 - 3.125 25.06 Endophthalmitis, ME

52 R MH 25 0.50 - 8.125 0.40 - 6.125 26.57 None

67 L ERM 25 0.20 - 7.375 - 0.10 - 6.375 26.38 None

79 L ERM 25 1.00 5.125 0.50 - 0.125 22.01 None

62 R ERM 25 0.30 - 2 - 0.10 - 1.5 24.36 None

52 R RD 25 - 0.10 - 9.5 - 0.20 - 5.875 27.2 None

67 L ERM 25 0.50 - 1.5 - 0.10 0.125 25.4 None

63 R MH 25 0.50 - 1.875 0.20 - 2.125 23.81 None

73 L MH 25 0.70 0.125 0.20 - 0.625 23.38 None

53 R MH 25 0.30 - 4.5 0.10 - 3.375 24.85 None

74 L ERM 25 0.00 - 2.625 0.00 - 2.5 25.05 None

78 R ERM 25 0.30 1.25 0.00 - 1.5 23.47 None

70 L ERM 25 0.30 - 1.375 - 0.20 - 2.25 24.25 None

65 L MH 25 0.20 - 7 - 0.10 - 8.375 27.39 None

60 R ERM 25 0.30 0 0.10 - 0.75 24.52 None

77 L ERM 25 0.30 1.125 - 0.10 0.125 24.88 None

69 R ERM 25 0.20 0 - 0.10 - 1 24.23 None

AL axial length, BCVA best-corrected visual acuity, ERM epiretinal membrane, G gauge, L left, ME macular edema, PCO posterior

capsule opacification, PDR proliferative diabetic retinopathy, Post-op postoperative, Pre-op preoperative, R right, RRD
rhegmatogenous retinal detachment, VH vitreous hemorrhage
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present study. Further, there was no problem with

visibility during ERM peeling or inner limiting

membrane peeling and cutting the peripheral vitreous

cortex in our cases. On the basis of these data, we

believe that the application of a femtosecond laser to

the cornea should be avoided as much as possible.

Notably, attention to potential complications is

required after fragmentation of the nucleus. In

FLACS, gas is generated by fragmentation in the

capsule. If conventional hydrodissection is not per-

formed, the pressure inside the capsule rises, increas-

ing the risk of posterior capsule rupture by causing

capsular block syndrome. Therefore, careful attention

must be paid to hydrodissection in FLACS [18]. In the

current case series, it is thought that the risk of

capsular block syndrome was reduced without increas-

ing the pressure inside the capsule in FLACS from a

lack of hydrodissection. Masuda et al. [19] have

reported the usefulness of irrigation-assisted hydrodis-

section in FLACS and argue that it can prevent

capsular block syndrome. Although posterior capsule

rupture was observed in one eye during surgery in the

present series, it was not caused by a complication due

to the femtosecond laser such as incomplete capsulo-

tomy, capsular tags, or anterior or posterior tears, but

by the mis-suction of the capsule during emulsification

and aspiration of the nuclear lens.

The current study had some limitations. It had a

retrospective in design and involved a relatively small

number of patients who underwent operations with

different surgeons. The usefulness of FLACS com-

bined with vitrectomy should be investigated in a

prospective study that includes more eyes treated with

27-gauge vitrectomy. Furthermore, we did not exam-

ine the total energy at the time of lens removal or the

endothelial cell counts. Endothelial cell counts are

related to phacoemulsification-related energy use

[9, 11], so corneal endothelial cell counts should be

measured when using FLACS.

The results of this study provide evidence for the

safety and usefulness of FLACS combined with

vitrectomy because there were no femtosecond laser-

associated complications, such as extracapsular pro-

lapse of the IOL or decreased visibility of the cornea.
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6. Kránitz K, Miháltz K, Sándor GL, Takacs A, Knorz MC,

Nagy ZZ (2012) Intraocular lens tilt and decentration

measured by Scheimpflug camera following manual or

femtosecond laser-created continuous circular capsulo-

tomy. J Refract Surg 28:259–263. https://doi.org/10.3928/

1081597X-20120309-01

7. Mastropasqua L, Toto L, Mattei PA, Vecchiarino L, Mas-

tropasqua A, Navarra R, Di Nicola M, Nubile M (2014)

Optical coherence tomography and 3-dimensional confocal

structured imaging system-guided femtosecond laser

123

948 Int Ophthalmol (2020) 40:943–949

http://www.umin.ac.jp/ctr/number
http://www.umin.ac.jp/ctr/number
https://doi.org/10.3928/1081597X-20091117-04
https://doi.org/10.3928/1081597X-20091117-04
https://doi.org/10.1002/14651858.CD010735.pub2
https://doi.org/10.1002/14651858.CD010735.pub2
https://doi.org/10.1016/j.ophtha.2016.07.005
https://doi.org/10.1016/j.ophtha.2016.07.005
https://doi.org/10.1038/srep13123
https://doi.org/10.1007/s10384-017-0553-6
https://doi.org/10.1007/s10384-017-0553-6
https://doi.org/10.3928/1081597X-20120309-01
https://doi.org/10.3928/1081597X-20120309-01


capsulotomy versus manual continuous curvilinear capsu-

lorhexis. J Cataract Refract Surg 40:2035–2043. https://doi.

org/10.1016/j.jcrs.2014.05.032

8. Friedman NJ, Palanker DV, Schuele G, Andersen D, Mar-

cellino G, Seibel BS, Batlle J, Feliz R, Talamo JH, Blu-

menkranz MS, Culbertson WW (2011) Femtosecond laser

capsulotomy. J Cataract Refract Surg 37:1189–1198.

https://doi.org/10.1016/j.jcrs.2011.04.022

9. Krarup T, Holm LM, la Cour M, Kjaerbo H (2014)

Endothelial cell loss and refractive predictability in fem-

tosecond laser-assisted cataract surgery compared with

conventional cataract surgery. Acta Ophthalmol

92:617–622. https://doi.org/10.1111/aos.12406

10. Abell RG, Darian-Smith E, Kan JB, Allen PL, Ewe SY,

Vote BJ (2015) Femtosecond laser-assisted cataract surgery

versus standard phacoemulsifcation cataract surgery: out-

comes and safety in more than 4000 cases at a single center.

J Cataract Refract Surg 41:47–52. https://doi.org/10.1016/j.

jcrs.2014.06.025

11. Conrad-Hengerer I, Al Juburi M, Schultz T, Hengerer FH,

Dick HB (2013) Corneal endothelial cell loss and corneal

thickness in conventional compared with femtosecond

laser-assisted cataract surgery: three-month follow-up.

J Cataract Refract Surg 39:1307–1313. https://doi.org/10.

1016/j.jcrs.2013.05.033

12. Yoo A, Yun S, Kim JY, Kim MJ, Tchah H (2015) Fem-

tosecond laser-assisted arcuate keratotomy versus toric IOL

implantation for correcting astigmatism. J Refract Surg

31:574–578. https://doi.org/10.3928/1081597X-20150820-

01

13. Bali SJ, Hodge C, Chen S, Sutton G (2012) Femtosecond

laser assisted cataract surgery in phacovitrectomy. Graefes

Arch Clin Exp Ophthalmol 250:1549–1551. https://doi.org/

10.1007/s00417-012-2080-y
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