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Abstract
Background: Optical quality and macular thickness changing optical quality is rarely reported after femtosecond
laser-assisted cataract surgery. In current research, we evaluated optical quality recovery and distinct macular
thicknesschanges after FLACS and phacoemulsi�cation cataract surgery (PCS).

Methods: A total of 100 cataract patients (100 eyes) were included (50 eyes for the FLACS group and 50 eyes for the
PCS group). Modulation transfer function (MTF), point spread function (PSF) and dysfunctional lens index (DLI) were
measured by a ray-tracing aberrometer (iTrace). Uncorrected distance visual acuity (UDVA) and corrected distance
visual acuity (CDVA) were also assessed pre-operation and 1 month after surgery. The MTF values at spatial
frequencies of 5, 10, 15, 20, 25 and 30 cycles/degree (c/d) were selected. We used optical coherence tomography
(OCT) to assess the macular thickness of different regions pre-operatively and1month after the surgery.

Results: In PCS group, we found the statistically signi�cant differences between pre-operation and post-operation in
DLI ( p <0.0001), PSF(strehl ratio, SR) ( p= 0.027) and MTF ( p =0.028), but not intraocular pressure (IOP) ( p =0.857).
The differences between pre-operation and post-operation for DLI ( p =0.031), SR ( p =0.01) and IOP ( p =0.03), but
not MTF ( p =0.128) were also found in FLACS group. The differences were statistically signi�cant when the spatial
frequencies were at 5, 10 and 25 ( p =0.013, 0.031 and 0.048) between pre-operation and post-operation in PCS group
but not FLACS group. In PCS group, we found the differences between pre-operation and post-operation in nasal inter
macular ring thickness (NIMRT) ( p =0.03), foveal volume (FV) ( p =0.034) and average retinal thickness (ART) ( p
=0.025) but not FLACS group. 

Conclusion: FLACSis safe that did not cause signi�cant increase of macular thickness in current study. However, it
also cannot produce better optical quality. In contrast,PCS can produce macular thickness changes, but better optical
quality recovery. The slightly retinal change may not affect optical quality.

Introduction
Femtosecond laser-assisted cataract surgery (FLACS) has gained popularity in recent years. It is the new technology
suggesting potential improvements in clinical and safety outcomes over conventional phacoemulsi�cation cataract
surgery (PCS)[1, 2]. Many studies have highlighted that little clinically meaningful bene�t exists from femtosecond
laser pretreatment to cataract surgery[3] [4]. Even conventional PCS had a higher rate of cystoid macular edema
(CME) than FLACS, research showed FLACS did not yield better visual or refractive outcomes than PCS[4, 5]. Our
previously study have illustrated that FLACS did not result in macular thickness changes in cataract patients with
myopia [6]. However, weather the impact of FLACS on optical quality and macular thickness changing optical quality
is rarely reported.

Vision can be assessed in terms of visual acuity and optical quality. The optical quality refers to the evaluation of the
optical beam from the cornea to the retina. The global point spread function analysis are objective measurements of
this optical quality[7]. In order to correct vision after cataract surgery, it is important to evaluate not only visual acuity
but also optical quality. More and more researches focus on the relationship between intraocular lens (IOL)
implantation and optical quality recovery[8, 9]. However, few studies have investigated the changes in or in�uences
on optical quality if the retina itself is not normal after cataract surgery.

Researcher analyzed the effects of retinal change on optical quality in central serous chorioretinopathy patients and
found retinal change affected optical quality [10]. Retinal change especially macular thickness might be a sub-
threshold retinal injury after FLACS and warrants further study[11]. A large comparative cohort study identi�ed a
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higher rate of CME after FLACS [4]. However, other studies have shown that FLACS does not appear to increase
macular thickness or CME more than PCS[3, 12–14]. Our previously study have shown that FLACS is safe for
cataract patients with myopia that did not change the macular thickness [6]. However, we did not focus on the
relationship between optical quality and macular thickness changes in the research.

In recent years, increasing scholars want to provide good optical quality for patients after cataract surgery. It is
important to assess optical quality after the surgery. Modulation transfer function (MTF) is an objective method to
evaluate imaging quality for human optical systems[15]. We also used strehl ratio (SR) to evaluate optical quality
that is ideal PSF to aberrated PSF. It is de�ned as the ratio between the MTF area of the eye and the diffraction-
limited MTF area[16].Therefore, we assessed optical quality with MTF and SR in the study. Dysfunctional lens index
(DLI) is a term coined to describe the natural aging changes in the lens as a novel surgery decision-maker[17, 18]. In
current study, we evaluated compare the optical quality outcomes and distinct macular thickness changes in FLACS
and PCS group. In addition, we also analyzed the MTF values at spatial frequencies of 5, 10, 15, 20, 25 and 30
cycles/degree.

Patients And Methods

Patients
This observational prospective cohort study reviewed 100 patient records of FLACS and PCS cases performed by a
single surgeon at A�liated Hospital of Nantong University from January 2018 to September 2018. The study
approved by the institutional ethics committee of A�liated Hospital of Nantong University and was performed
according to the tenets of the Declaration of Helsinki. All patients were willing to volunteer for the research and
signed a written informed consent.We excluded the patients with previous ocular surgery, trauma and known macular
alteration and all patients were given a complete ophthalmologic evaluation before surgery as our previously study.
Uncorrected distance visual acuity (UDVA) and corrected distance visual acuity (CDVA) with subjective refraction
performed by an optometrist using an LCD visual acuity chart preoperatively and I month postoperatively. All FLACS
were performed by the same surgeon (H. J. G.) as our previously described[6]. All PCS surgeries also were performed
by the same surgeon (H. J. G.).

Ray-Tracing Aberrometry
A wavefront aberrometry scan was performed with a ray-tracing aberrometer (iTrace, Tracey Technologies, Houston,
TX) preoperatively and at the �nal 1 month follow-up as previously described[19]. Using the iTrace, we measured the
optical quality parameters (MTF and SR) of the eye and DLI. For the MTF values measured at spatial frequencies, we
selected 5, 10, 15, 20, 25 and 30 cycles/degree (c/d). Pupils were dilated with a 6-mm size before measurement.

OCT Measurements
OCT measurements (Cirrus HD-OCT 4000; Carl Zeiss Meditec, Dublin, CA) were performed 1 day before surgery and
post-operation at 1 month as our previously described [6].

Statistical Analysis
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A SPSS 18.0 software (SPSS Inc, Chicago, Illinois) was performed for statistical analyses. Data are expressed as the
mean and standard deviation. The student’s t test was used to compare the different macular region thickness, MTF,
SR and DLI between FLACS group and PCS group in pre-operation or post-operation. A p value less than 0.05 was
considered statistically signi�cant.

Results
The FLACS group comprised of 50 eyes of 50 patients with the mean age of 56.66 ± 5.68 years. The PCS group
comprised of 50 eyes of 50 patients with the mean age of 61.33 ± 7.52 years (Table 1). Preoperative intraocular
pressure (IOP), AL, DLI, SR, MTF, UDVA, CDVA and nuclear hardness showed no statistically signi�cant between two
groups. In Table 1, we also found FLACS group produce less cumulative dissipated energy (CDE) but not ultrasound
time when compared with PCS group.

Table 2 showed the postoperative IOPp = 0.956), SR (p = 0.975) and MTF (p = 0.537) no statistically signi�cant
between two groups, except DLI (p = 0.015). For UDVA and CDVA, we detected no signi�cance between the two
groups postoperatively. In PCS group, there are different between pre-operation and post-operation in DLI (p<0.0001),
SR (p = 0.027) and MTF (p = 0.028), but not IOP (p = 0.857) (Table 3). In FLACS group, we found there are different
between pre-operation and post-operation in DLI (p = 0.031), SR (p = 0.01) and IOP (p = 0.03), but not MTF (p = 0.128)
(Table 3).

MTF values at 5, 10, 15, 20, 25 and 30 cycles/degree (c/d) spatial frequencies were obtained pre-operation and I
month post-operation by iTrace. The comparison of MTF values at the same spatial frequencies showed rarely
statistically signi�cant between two groups pre-operation and I month post-operation (Table 4). In PCS group, we did
not �nd any statistically signi�cant at 15, 20 and 30 cycles/degree (c/d) spatial frequencies, except 5, 10 and 15 cpd
(p = 0.013,0.031 and 0,048) (Table 5). However, there are not any statistically signi�cant between pre-operation and I
month post-operation in FLACS group (Table 5).

Table 6 shows the pre- and postoperative macular thickness values in the FLACS and PCS group. There are not
statistically signi�cant after surgery between the two groups. We did not �nd any difference between pre-operation
and post-operation in FLACS group. But in PCS group, there are different between pre-operation and post-operation in
nasal inter macular ring thickness (NIMRT) (p = 0.03), foveal volume (FV) (p = 0.034) and average retinal thickness
(ART) (p = 0.025) (Tables 7).

Discussion
Optical quality after cataract surgery gained more and more attention for providing satisfactory visual outcomes[20,
21]. Studies have shown that FLACS produce better clear corneal incision morphology [8], more precise reproducible
capsulotomies [9–13], and better IOL centration [11] when compared with conventional PCS. Even with these reported
bene�ts, it still needs to be proven whether FLACS can produce better optical quality than conventional PCS. Cataract
surgery can cause macular thickness change. The complication has brought substantial attention to surgeons due to
its potential hazard to vision consequence[14, 22]. However, the complication changed optical quality still needs to be
investigated. Therefore, we studied optical quality by MTF, SR and distinct macular thickness for the two groups in
current study.

In our study, the UCDA and CDVA shown no signi�cance between the two groups preoperatively and postoperatively,
the results were consisted with previously studies that FLACS did not yield better visual results[4, 23]. Studies have
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shown that FLACS produce signi�cant reduction in effective phacoemulsi�cation time[23, 24], reduce ultrasound
power and ultrasound time[25]. In the research, our results show that FLACS can reduce CDE but not
phacoemulsi�cation time. We speculate the reason is that FLACS can pre-chop the lens nuclear. Elevation or rapid
�uctuations in IOP may cause vascular or rhegmatogenous events[26]. In FLACS group, we found postoperative IOP
were raised, the results are consisted with previous researches[27, 28]. Researches have shown that cytokines in
anterior chamber after FLACS are higher than conventional PSC[29]. Therefore, we hypothesize that the raised IOP
may be associated with these cytokines which leading to increased resistance at the trabecular meshwork. Whether
the raised IOP after surgery affects the retinal nerve �ber layer (RNFL) and visual �eld which need long-term follow-up
and further research.

To better understand optical quality after FLACS, the MTF and SR were measured. MTF is the ratio between the
image contrast of a speci�c object through the imaging optical system and the contrast of the object itself[15]. In
general, the higher the MTF and SR, the better the ocular optical quality.In PCS group, we found there are different
between pre-operation and post-operation in SR and MTF. Furthermore, the differences are statistically signi�cant
when the spatial frequencies are at 5, 10 and 25 cycles/degree (c/d). In FLACS group, we found there are different
between pre-operation and post-operation in SR but not MTF. We speculate whether FLACS increase surgery induced
astigmatism(SIA) compared with PCS which result in not difference between pre-operation and post-operation for
MTF[30]. Even though, MTF value is undoubtedly an objective and accurate indicator for optical quality
evaluation[31], the assessment of optical quality cannot be completed by one single indicator. Other objective and
subjective indicators should also be integrated to make an accurate assessment. Therefore, we measured DLI in the
two groups. The DLI in PCS group is signi�cantly higher than the FLACS group in the baseline measurement (post-
operative).

Then, we future analyzed the preoperative and postoperative macular thickness values in PCS and FLACS group by
OCT. CME can be detected at the �rst week and peaks about 4 weeks after surgery[32]. In our study, macular
thicknesses were performed before surgery and post-operation at 1 month. In PCS group, there are different between
pre-operation and post-operation in NIMRT, FV and ART, but not in FLACS group. The results are consisted with
previous research that the FLACS does not difference in postoperative macular thickness as compared with PCS [32].

In this study, the limitation includes a relatively small number of patients and short follow-up period. The comparison
of optical quality between FLACS group and PCS group needs a long-term follow-up and further research. Such as
capsular �brosis and posterior capsular opaci�cation (PCO) may cause optical quality change in the two groups.
Whether the increasing IOP after FLACS has an effect on the RNFL also requires further investigation.

In conclusion, our results suggest although FLACS did not result in macular thickness change compare with PCS, it
also cannot gain better optical quality recovery at 1month after surgery. The slightly retinal change may not affect
optical quality in PCS group.
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Tables
Table 1 Comparison of PCS Group and FLACS Group    
Demographic/Parameter PCS Group FLACS Group t P Value
Age (y) 56.66±5.68 61.33±7.52 -1.55 0.14
UCVA 0.69±0.32 0.86± 0.44 -1.18 0.68
BCVA 0.58±0.34 0.74± 0.49 -1.78 0.739
IOP 15.75±2.5 14.33±2.14 1.961 0.056
AL 23.28±1.64 23.84±2.65 -0.891 0.378
DLI 3.14±1.73 2.65±0.78 1.65 0.198
SR 0.0066±0.0076 0.0045±0.0023 1.092 0.282
MTF 0.11±0.07 0.13±0.13 0.487 0.636
phaco time  14.59±7.68 13.89±14.87 0.205 0.839
CDE 14.59±7.68 2.24±2.79 6.518 <0.0001
nuclear hardness 2.11±0.33 2.42±0.51 -1.646 0.15
IOP: intraocular pressure; AL: axial length; DLI: Dysfunctional Lens Index;
UCVA: uncorrected visual acuity; BCVA: best corrected visual acuity
SR: strehl ratio; MTF: modulation transfer function; CDE: cumulative dissipated energy
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Table 2 Postoperative Comparison of PCS Group and FLACS Group 
Parameter PCS Group FLACS Group t P Value
UCVA 0.19±0.28 0.21±0.17 -0.213 0.746
BCVA 0.12±0.18 0.19±0.28 -0.459 0.656
IOP 15.72±2.15 15.69±1.14 0.055 0.956
DLI 6.51±2.78 4.49±1.94 2.537 0.015
SR 0.012±0.009 0.012±0.0086 0.031 0.975
MTF 0.17±0.1 0.19±0.12 -0.623 0.537
UCVA: uncorrected visual acuity; BCVA: best corrected visual acuity
IOP: intraocular pressure; AL: axial length; DLI: Dysfunctional Lens Index;
SR: strehl ratio; MTF: modulation transfer function

 

Table 3 The Time Points for IOP DLI SR and MTF Comparison of PCS Group and FLACS Group
PCS Group FLACS Group
Mean ± SD Mean ± SD

Visit Preoperative Postoperative t p Preoperative Postoperative  t p
 1 month 1 month

IOP 15.75±2.5 15.72±2.15 0.181 0.857 14.33±2.14 15.69±1.14 -2.268 0.031
DLI 3.14±1.73 6.51±2.78 -0.73 <0.0001 2.65±0.78 2.65±0.78 -3.52 0.001
SR 0.0066±0.0076 0.012±0.009 -2.279 0.027 0.0045±0.0023 0.012±0.0086 -3.298 0.003
MTF 0.11±0.07 0.17±0.1 -2.268 0.028 0.13±0.13 0.19±0.12 -1.566 0.128
IOP: intraocular pressure; AL: axial length; DLI: Dysfunctional Lens Index; SR: strehl ratio;
MTF: modulation transfer function
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Table 4 The Time Points for Difference Spatial Frequencies MTF 
Comparison of PCS Group and FLACS Group 
Time/Parameter PCS Group FLACS Group t P 

Mean ± SD Mean ± SD
 beforeoperative
5cpd 0.09±0.1 0.19±0.24 -1.811 0.078
10cpd 0.02±0.037 0.078±0.163 -1.633 0.111
15cpd 0.01±0.02 0.04±0.1 -1.446 0.156
20cpd 0.07±0.14 0.025±0.062 -1.42 0.164
25cpd 0.004±0.01 0.017±0.0044 -1.361 0.181
30cpd 0.0036±0.0086 0.0113±0.03 -1.22 0.23
afteroperative 
1 month
5cpd 0.23±0.25 0.37±0.26 -1.758 0.087
10cpd 0.07±0.12 0.15±0.19 -1.512 0.139
15cpd 0.036±0.057 0.085±0.129 -1.67 0.103
20cpd 0.022±0.034 0.05±0.078 -1.614 0.114
25cpd 0.014±0.022 0.029±0.039 -1.554 0.128
30cpd 0.01±0.015 0.019±0.022 -1.436 0.159
cpd: cycles per degree; MTF: modulation transfer function

 

Table 5 Preoperative and Postoperative Difference Spatial Frequencies MTF Comparison for PCS Group 
and FLACS Group

PCS Group FLACS Group
(Mean ± SD) (Mean ± SD)

Visit Preoperative Postoperative t p Preoperative Postoperative  t p
 1 month 1 month

5cpd 0.09±0.1 0.23±0.25 -2.588 0.013 0.19±0.24 0.37±0.26 -2.045 0.05
10cpd 0.02±0.037 0.07±0.12 -2.222 0.031 0.078±0.163 0.15±0.19 -1.138 0.264
15cpd 0.01±0.02 0.036±0.057 -2.002 0.051 0.04±0.1 0.085±0.129 -1.031 0.311
20cpd 0.07±0.14 0.022±0.034 -1.993 0.052 0.025±0.062 0.05±0.078 -1.009 0.321
25cpd 0.004±0.01 0.014±0.022 -2.025 0.048 0.017±0.0044 0.029±0.039 -0.884 0.405
30cpd 0.0036±0.0086 0.01±0.015 -1.927 0.06 0.0113±0.03 0.019±0.022 -0.814 0.422
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Table 6 Comparison Retinal Thickness Values of PCS Group and 
FLACS Group 

PCS Group FLACS Group
Time/Parameter Mean ± SD Mean ± SD t P
Preoperative
SOMRT 272.33±51.69 260.39±58.85 0.719 0.476
BOMRT 204.19±96.7 208.66±61.86 -0.174 0.863
IOMRT 249.11±44.33 249.56±61.19 -0.028 0.978
NOMRT 281.59±29.05 279.55±92.47 0.107 0.915
SIMRT 249.26±67.31 276.94±57.25 -1.432 0.159
BIMRT 239.89±84.46 227±77.53 0.518 0.607
IIMRT 253.81±66.27 243.94±93.51 0.415 0.68
NIMRT 260.41±70.71 284.33±85.79 -1.021 0.313
FT 152.85±83.28 171.11±78.49 -0.737 0.465
FV 8.29±1.73 8.39±1.66 -0.211 0.834
ART 228.3±48.52 223.17±45.66 -0.338 0.737
Postoperative
1 month
SOMRT 289.85±81.45 262.17±50.91 1.282 0.207
BOMRT 230.59±95.68 233.89±80.31 -0.12 0.905
IOMRT 265.63±56.8 260.17±49.89 0.331 0.742
NOMRT 289.59±51.88 294.89±89.64 -0.251 0.803
SIMRT 265.37±106.01 288.11±74.54 -0.788 0.435
BIMRT 284.41±105.31 256.83±87.49 0.919 0.363
IIMRT 282.67±99.6 288.5±36.95 -0.237 0.814
NIMRT 305.15±76.13 302.28±54.77 0.138 0.891
FT 187.52±120.01 233.11±114.03 -1.273 0.21
FV 9.37±1.92 9.06±1.93 0.532 0.598
ART 260.19±53.22 251.22±53.37 0.747 0.583
SOMRT=superior outer macular ring thickness; BOMRT=bitamporal outer 
macular ring thickness; OMRT=inferior outer macular ring thickness; 
NOMRT=nasal outer macular ring thickness; SIMRT=superior inter
 macular ring thickness; BIMRT=bitamporal inter macular ring thickness; 
IIMRT=inferior inter macular ring thickness; NIMRT=nasal inter macular 
ring thickness; FT=foveal thickness; FV=foveal volume;
 ART=average retinal thickness
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Table 7 Comparison Retinal Thickness Values of PCS Group and FLACS Group 
PCS Group FLACS Group

(Mean ± SD) (Mean ± SD)

Visit Preoperative Postoperative t p Preoperative Postoperative  t p
 1 month 1 month

SOMRT 272.33±51.69 289.85±81.45 -0.944 0.35 260.39±58.85 262.17±50.91 -0.097 0.923
IOMRT 249.11±44.33 265.63±56.8 -1.191 0.239 249.56±61.19 260.17±49.89 -0.57 0.572

BOMRT 204.19±96.7 230.59±95.68 -1.009 0.318 208.67±61.86 233.89±80.31 -1.056 0.299

NOMRT 281.59±29.05 289.59±51.88 -0.669 0.488 279.56±92.48 294.89±89.86 -0.504 0.617

SIMRT 249.267±67.31 265.37±106.61 -0.667 0.508 276.94±57.25 288.11±74.45 -0.504 0.617

BIMRT 239.89±84.46 284.41±105.31 -1.714 0.093 227±77.54 256.831±87.49 -1.083 0.287

IIMRT 253.81±66.27 282.67±99.6 -1.253 0.216 243.94±93.51 288.5±36.95 -1.88 0.069

NIMRT 260.4±70.71 305.15±76.13 -2.237 0.03 284.33±85.79 302.27±54.77 -0.748 0.46

FT 152.85±83.28 187.52±120.01 -1.233 0.223 171.11±78.49 233.11±114.03 -1.9 0.66

FV 8.29±1.73 9.37±1.92 -2.178 0.034 8.39±1.66 9.06±1.93 -1.104 0.277

ART 228.3±48.52 260.19±53.22 -2.301 0.025 233.67±45.66 251.22±53.37 -1.091 0.283

SOMRT=superior outer macular ring thickness; BOMRT=bitamporal outer macular ring thickness; 
IOMRT=inferior outer macular ring thickness; NOMRT=nasal outer macular ring thickness; 

SIMRT=superior inter macular ring thickness; BIMRT=bitamporal inter macular ring thickness; 

IIMRT=inferior inter macular ring thickness; NIMRT=nasal inter macular ring thickness; 

FT=foveal thickness; FV=foveal volume; ART=average retinal thickness

 


