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Purpose: To compare effective phacoemulsification time (EFX) in femtosecond laser- 
assisted cataract surgery (FLACS) versus traditional quick chop phacoemulsification 
(QCP) in senile nuclear cataracts with different densities focusing on soft and hard ones.
Patients and Methods: A prospective non-randomized comparative study was carried out 
in Al Watany Eye Hospital and Ain Shams University Hospital, Cairo, Egypt; 250 eyes with 
senile nuclear cataract (NC) were included and classified into two main groups, FLACS and 
QCP groups. Each of them was stratified according to nuclear density into three subgroups, 
subgroups I (Soft NC), II (Medium NC), and III (Hard NC). Sextans-softened fragmentation 
pattern was performed in the FLACS group. Total EFX utilized for nucleus disassembly and 
removal was recorded by the completion of each surgery.
Results: A total of 117 eyes were included in the FLACS group and 133 eyes in the QCP 
group. No significant difference in EFX was observed between the two groups (P = 0.228). 
Regarding subgroups, EFX showed no statistically significant difference between FLACS 
and QCP (P = 0.283) in soft NC. For hard NC, a trend to lower values of EFX in FLACS 
compared with QCP was found, but without statistically significant difference (P = 0.122). 
Only in medium NC were significantly lower values obtained in FLACS compared with QCP 
(P < 0.0001).
Conclusion: When compared with QCP technique, FLACS can be used for advantages 
aside from EFX reduction, including astigmatic keratotomies, accurate sizing, and centration 
of capsulotomies especially in hard and soft nuclear cataracts. Significant reduction of total 
EFX with FLACS is most prominent only in medium-density nuclear cataracts.
Keywords: phacoemulsification, EFX, FLACS, quick chop, femtosecond laser, cataract 
surgery

Introduction
Femtosecond laser (FL) usage has become increasingly popular in phacoemulsification 
surgery specifically in doing corneal incisions, anterior capsulorhexis, and lens 
fragmentation.1 Several researches have stated excellent clinical outcomes with this 
technology2–4 with some potential advantages over conventional phacoemulsification 
(CP).5 In particular, femtosecond laser-assisted cataract surgery (FLACS) is nowadays 
advertised as being superior over CP regarding effective phacoemulsification time,6–8 

preservation of corneal endothelial integrity, reduction of postoperative corneal 
edema,6,9,10 decreasing the risk of intraoperative vitreous loss,11 and in management of 
complex cases.12 In contrast, no clear benefit of FLACS over CP has been found in terms 
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of visual outcomes or complications.13–17 On the other hand, 
some studies have reported the absence of significant differ-
ences between the two techniques regarding phacoemulsifica-
tion time.13 This variability between comparative studies of 
FLACS versus CP might be attributed to the inclusion of 
cataracts with different nuclear densities with subsequent dif-
ferent surgical requirements, and the used technique of CP 
whether divide-and-conquer, stop-and-chop, or quick-chop.

Regarding nuclear densities, many research and meta- 
analysis studies focused on medium density cataract and 
found significant differences between FLACS and CP as 
regards efficacy and safety. Yet, difficult hard nuclear 
cataracts were not included in most of the published stu-
dies in their analysis. Thus, the hard nuclear cataract is 
considered a point of further investigation.18,19

Thus, the purpose of the current study was to assess the 
total measured effective phacoemulsification time (EFX) 
used in FLACS compared to traditional quick chop pha-
coemulsification (QCP) in relation to different nuclear 
densities with special focus on soft and hard nuclear cat-
aract. We focused only on energy consumption between 
FLACS and QCP, and we did not compare the effects of 
both procedures on the surrounding tissues like corneal 
endothelium.

Patients and Methods
This prospective non-randomized comparative study was con-
ducted at Al Watany Eye hospital and Ain Shams University 
Hospital, Cairo, Egypt, within a time interval from 
March 2018 to March 2019. The study is adherent to the tenets 
of the Declaration of Helsinki and gained approval by the 
ethical committee of Watany Research and Development 
Center in Al Watany Eye Hospital, and informed consents 
for the research were obtained from all patients.

Eyes with senile nuclear cataract with corrected distance 
visual acuity worse than +0.3 on the Log MAR scale were 
selected. All patients set up for cataract surgery were ade-
quately informed about FLACS and QCP including advan-
tages, cost, and disadvantages. Both procedures were 
explained to all participants and given to them as reliable 
options by medical staff. The patient’s decision was accord-
ing to his/her preference. All participants signed a consent 
form and agreed to be enrolled in our study.

Both FLACS and QCP groups were sub-classified into 
three subgroups according to density of nuclear cataract. 
The nuclear cataract (NC) color was considered on the scale 
of 1 to 6 for all eyes by an ophthalmologist (BFA) who used 
an SC5 slit lamp (Topcon, Japan) to determine the NC color 

depending on the Lens Opacities Classification System III 
(LOCS III),20 which depends on cataract color in grading 
and is considered a subjective method. Then we confirmed 
the density classification by using the Pentacam Nucleus 
Staging (PNS) function, which is an objective function 
incorporated in the Pentacam software (OCULUS, 
Wetzlar, Germany), depending only on the Pentacam 
machine. We used both methods and matched them together 
and classified the cases into three subgroups; subgroup 
I comprised eyes with soft NC 1–2; subgroup II, medium 
NC 3–4; and subgroup III, hard NC 5–6.

We calculated the minimal sample size required in 
FLACS and QCP by conservative G*Power software ver-
sion 3.1.9.2, Type I error (Alpha, 0.05) and Type II error 
(Beta, 0.80). With reference to two original articles, Hida 
et al and Aly et al,21,22 we found that the minimum sample 
size of the FLACS group must not be less than 40 (in our 
paper = 117) and in QCP must not be less than 40 (in our 
paper = 133).

We excluded eyes with glaucoma, weak zonules, sub-
luxated lenses, corneal opacities, maximum pupillary dila-
tion of less than 5.50 mm, history of uveitis, abnormal iris, 
and intraoperative complications.

Surgical Techniques
The same experienced surgeon (AHA) performed all the 
surgeries in FLACS and QCP under topical anesthesia.

FLACS
Femtosecond laser step was applied by the Catalys Precision 
platform (Johnson & Johnson Vision) and used for creation of 
capsulotomy and nucleus fragmentation prior to phacoemulsi-
fication of fragmented nucleus parts. Initially, centralization of 
the Liquid Optics Interface (LOI™) suction cone over the 
cornea was done, then vacuum was turned on. After confirm-
ing good suction together with globe fixation, filling of the 
suction with balanced saline solution (BSS) was done followed 
by docking of the patient’s eye. An incorporated 3D spectral- 
domain optical coherence tomography (OCT) measured the 
dimensions of the anterior chamber and crystalline lens. The 
surgeon according to each case then modified treatment plan 
and zones. Finally, the planned treatment was proposed.

For lens pre-fragmentation, we applied sextants with 
soften fragmentation pattern. We used settings of 350 µm 
grid spacing, 200 µm spacing in segmentation-softening 
pattern, and maximum fragmentation diameter (Figure 1). 
Segmentation repetition was changed according to nuclear 
densities as follows: 2–3 in soft density nuclei, 3–4 in 
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medium density nuclei, and 5–6 in hard density nuclei. 
Other FL parameters were used in its default values; ante-
rior capsule safety margin 500 µm, posterior capsule 
safety margin 500 µm, vertical spot spacing 40 µm, hor-
izontal spot spacing 10 µm, anterior pulse energy 10 µJ, 
and posterior pulse energy 40 µJ.

Phacoemulsification in FLACS and 
QCP Groups
Phacoemulsification was performed by the same platform: 
Signature Pro WhiteStar FX (Johnson & Johnson Vision) 
in both FLACS and QCP groups using an ELLIPS FX 
transversal US phacoemulsification handpiece. The fol-
lowing settings were applied in the two groups: US 
power of 10–40% according to the nuclear density, flow 
rate was set at 28–32 cc/min, vacuum was 350 mmHg.

Corneal main incision was done using 2.2 mm kera-
tome, and secondary incision was done using 1.2 mm 
keratome. Filling the anterior chamber was done by cohe-
sive viscoelastic. Capsulorhexis was done manually in the 
CQCP group by capsulorhexis forceps. While in the 
FLACS group the FL-created capsulorhexis was detached 
by capsulorhexis forceps.

Hydrodissection was done as usual. However, it was 
gentle with a smaller amount of BSS in the FLACS group 
just to free air bubbles trapped behind the nucleus. Then 
phacoemulsification of the nucleus was done using a 21 

G laminar flow tip by minimal ultrasound energy and high 
vacuum (350 mmHg) in both groups. In the QCP group, 
vertical quick chopping technique of the nucleus was 
performed. In the FLACS group, chopping and emulsifica-
tion of the created sextants was done.

By conclusion of the surgery, we recorded the EFX, 
which is a value that refers to the total utilized ultrasound 
time in relation to the amount of used phacoemulsification 
power. It stands for the effective phacoemulsification time 
when we use the ELLIPS FX handpiece particularly in 
Signature Pro platform.

Statistical Analysis
Statistical data analysis was done using Medcalc Statistics 
version 18.9.1 (MedCalc Software bvba, Ostend, 
Belgium). Normality of data was assessed by means of 
the D’Agostino–Pearson test. The Mann–Whitney test, 
Kruskal–Wallis test, Conover post-hoc test, and 
Jonckheere–Terpestra trend test were used to estimate the 
significance of differences as parametric analyses were not 
applicable. For all statistical tests, a P value of less than 
0.05 was considered as statistically significant.

Results
This study enrolled 250 eyes of 145 patients (68 males and 77 
females), 117 eyes of which were in FLACS group and 133 
eyes in QCP group. Subgroup I included eyes with soft nuclear 
cataracts (NC 1–2) (35 FLACS operated and 42 QCP oper-
ated). Subgroup II included eyes with medium nuclear catar-
acts (NC 3–4) (40 FLACS operated and 47 QCP operated). 
Subgroup III included eyes with hard nuclear cataracts (NC 
5–6) (42 FLACS operated and 44 QCP operated).

Regarding the mean age of the participants, the difference 
was statistically non-significant either between the FLACS 
and CQCP groups (P = 0.959) or between their underlying 
subgroups, including subgroup I, II, and III where P values 
were 0.998, 0.542, and 0.769, respectively. (Table 1).

The surgical parameters documented in both groups 
including EFX, average US%, and total US time are illustrated 
in Table 2 with no statistically significant differences between 
FLACS and QCP groups regarding these parameters.

The surgical parameters reported in subgroups I, II, and 
III are summarized in Table 3. The EFX in subgroup I (soft 
NC) tended to be lower in the FLACS group in comparison 
to the QCP group, yet this difference did not reach statistical 
significance (P = 0.283). In subgroup III (hard NC), lower 
values of EFX were noticed in the FLACS group, but the 
differences in comparison to the QCP group were not 

Figure 1 Lens fragmentation and softening patterns.
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statistically significant (P = 0.122). But for subgroup II, 
EFX was significantly lower in the FLACS group in com-
parison to the QCP group (P < 0.0001).

Discussion
Our study compared the EFX used in FLACS to that used in 
QCP when dealing with soft, hard, and medium density 
nuclear cataract.

Analysis of the total cohort of the two main groups 
showed a trend of FLACS to reduce EFX, but this trend 

did not reach statistical significance. To our knowledge, this 
could be attributed to the fact that the applied quick phaco 
chop technique reduces the EFX when compared with other 
phacoemulsification techniques.23,24 This was in concor-
dance with a recent study by Mursch-Edlmayr et al, who 
found no significant difference between the techniques as 
regards phacoemulsification energy.13 In contrast, 
a landmark meta-analysis evaluating published studies com-
paring FLACS and CP, without specifying the used quick 
phaco chop technique only, showed a significant trend for 
a difference in EFX in favor of FLACS.17

Regarding the used FL segmentation pattern in the 
FLACS group (Figure 1), we applied nuclear segmentation 
into sextants. This pattern was expected to help for nucleus 
division into small segments for easier manipulation and 
emulsification with less EFX.

In addition, FL fragmentation pattern of the nuclear 
segments has been proven to be the main factor contribut-
ing to the reduction of effective phacoemulsification time 
in FLACS.25,26 Daya et al 2014 concluded that FL frag-
mentation significantly reduced effective phacoemulsifica-
tion time compared to CP.27

Moreover, the used 350 μm grid softening has been 
demonstrated to lead to a statistically significant lower effec-
tive phacoemulsification time than other types of FL frag-
mentation grids.25 Based on our knowledge, the used FL 
segmentation and fragmentation patterns together with FL 
softening resulted in ample reduction of phacoemulsification 
energy for moderate and hard nuclear cataracts. Although we 
used the same pattern for soft nuclear cataracts, the reduction 
of EFX was not significant compared to QCP.

Our subgroup analysis showed that this FLACS did not 
reduce the EFX for all cataract densities. Our study 
showed non-significant differences regarding EFX 
between the FLACS group and the QCP group in sub-
group I with soft nuclear cataracts (P = 0.283). This 
finding could be explained by the minimal or almost nil 

Table 1 Age of the Participants in FLACS and QCP Groups and 
Subgroups

Groups N Age (Mean ± SD) Yrs P value

FLACS group 117 62.5 ± 8.1 0.959

QCP group 133 62.4 ± 8.4

Subgroup I FLACS 35 60.2 ± 11.6 0.998

QCP 42 60.4 ± 10.7

Subgroup II FLACS 40 60.3 ± 4.6 0.542

QCP 47 64.3 ± 6.6

Subgroup III FLACS 42 62.8 ± 6.8 0.769

QCP 44 62.8 ± 7.3

Abbreviations: FLACS group, femtosecond laser-assisted cataract surgery group; 
QCP group, quick chop phacoemulsification group; n, number of eyes; SD, standard 
deviation; yrs, years.

Table 2 Surgical Parameters Documented in FLACS and QCP 
Groups Including EFX, Average US % and Total US Time

Surgical 

Parameters

FLACS Group (n=117) 

Mean ± SD

QCP Group (n=133) 

Mean ± SD

P value

EFX (s) 27.38 ± 22.15 30.16 ± 22.59 0.23

Average US % 5.9 ± 3.3 5.8 ± 3.4 0.45

Total US time (s) 72 ± 45.8 66.5 ± 45 0.44

Abbreviations: FLACS group, femtosecond laser-assisted cataract surgery group; 
QCP group, quick chop phacoemulsification group; n, number of eyes; SD, standard 
deviation; US, ultrasound; s, seconds.

Table 3 The EFX Recorded in the Three Subgroups I, II, and III

Parameters Subgroup I (NC 1–2) Subgroup II (NC 3–4) Subgroup III (NC 5–6)

FLACS 
Group 
(n=35)  
M ± SD

QCP 
Group 
(n=42)  
M ± SD

P value FLACS 
Group 
(n=40)  
M ± SD

QCP 
Group 
(n=47)  
M ± SD

P value FLACS 
Group 
(n=42)  
M ± SD

QCP 
Group 
(n=44)  
M ± SD

P value

EFX (s) 2.37±1.66 2.74±1.23 0.283 22.37±6.82 30.34±6.2 <0.0001 52.97±10.6 56.14±9.9 0.122

Abbreviations: FLACS, femtosecond laser-assisted cataract surgery group; QCP, quick chop phacoemulsification group; n, number of eyes; M, mean; SD, standard deviation; 
NC, nuclear cataract.
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US energy needed for emulsification of soft nuclear catar-
act in QCP. Also, phacoemulsification of such soft nuclear 
cataract depends more on fluidics rather than phacoemul-
sification energy. This mostly explains why FLACS was 
not beneficial over QCP in soft nuclei regarding EFX.

In subgroup III with hard brunescent nuclei, EFX was 
lower in the FLACS group compared to the QCP one but 
without a statistically significant difference (P = 0.122). We 
believe that the dense lens opacity precluded femtosecond 
laser energy required for nuclear fragmentation from reaching 
the deeper layers of such nuclei. Despite increasing the rate of 
segmentation repetition up to 6 times, aiming to increase the 
FL pulse frequency, yet we did not have a complete segmenta-
tion in any eye. This can be attributed to two factors. The first 
factor is that laser energy failed to reach the posterior layers of 
the nucleus for efficient cracking as we frequently found dense 
epinucleus posterior sheet, which was not touched by the laser. 
By default, the Catalys laser precision platform cannot extend 
laser farther than 500 µm off the determined posterior capsule. 
Hence, a mechanical chopping technique like QCP group was 
utilized with comparable ultrasound energy. The second factor 
is that the vertical quick chopping technique employed in the 
QCP group was effective in the reduction of ultrasound energy 
by chopping the nucleus into small pieces.23,24 This reduction 
brought down the ultrasound energy to become equivalent to 
that in the FLACS group. Probably, a significant difference in 
favor of the FLACS group would have been expected if the 
divide and conquer technique was applied in this subgroup.

As for subgroup II with moderate hardness cataract, the 
difference between FLACS and QCP reached statistical 
significance (P < 0.0001). This is because of the capability 
of FL to perform total nuclear cracking and sufficient soft-
ening with subsequent very low or zero US energy for 
emulsification of the nucleus. This suggests a potentially 
higher benefit of FLACS over QCP in cataracts with mod-
erately hard nuclei. This agreed with the findings reported 
by Mayer et al, which demonstrated that FLACS allowed 
a significant decrease in effective phacoemulsification time 
correlated with the preoperative lens opacity.28

Regarding the unequal number of eyes in the two groups, it 
is because they were collected from the surgeons’ private 
clinics, and each patient’s choice between FLACS and QCP 
was influenced by the cost factor. The cost difference between 
the two procedures in our country, Egypt, is about 2000 US 
dollars in favor of FLACS, which might not be affordable by 
a lot of patients in our country. Also, as our study is 
a prospective one, thus from the ethical point of view we 
must let the patient choose between the two techniques.

Study Limitations
The 21 G phacoemulsification tip, used in our study, has 
a narrower 0.5 mm inner diameter; we presume that 19 
G ones with a wider inner diameter of 0.7 mm might aid in 
more reduction in US energy and would have helped to 
remove pieces of the FL fragmented nucleus by vacuum 
with less US energy.

Also, we did not compare the effect of reduction of EFX 
on the surrounding tissues like corneal endothelium, which 
is under investigation by another study with a larger cohort.

Conclusion
FLACS significantly reduces EFX during emulsification of 
medium density nuclear cataracts in comparison to QCP. 
Regarding very hard and soft nuclear cataracts, FLACS is 
not superior over QCP in reducing the EFX.

Abbreviations
EFX, effective phacoemulsification time; CP, conventional 
phacoemulsification; QCP, quick chop phacoemulsification; 
FL, femtosecond laser; FLACS, femtosecond laser-assisted 
cataract surgery; G, gauge; IOL, intraocular lens; LOCS III, 
Lens Opacities Classification System III; NC, nuclear catar-
act; PNS, Pentacam Nucleus Staging; US, ultrasound.
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