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PURPOSE: To compare the effects of fluidic parameters on the central corneal thickness (CCT), cor-
neal endothelium, and anterior segment inflammation after phacoemulsification with longitudinal
ultrasound.

SETTING: Iladevi Cataract & IOL Research Center, Ahmedabad, India.

METHODS: In this prospective randomized patient- and examiner-masked study, consecutive
patients with age-related cataract were randomly assigned to Group 1 (low fluidic parameters:
aspiration flow rate 25 cc/min; bottle height 70 cm and 90 cm; vacuum %400 mm Hg) or Group
2 (high fluidic parameters: aspiration flow rate 40 cc/min, bottle height 90 cm and 110 cm;
vacuum %650 mm Hg). The rate of change in CCT and endothelial cell density (ECD), the
incidence of anterior segment inflammation, and corneal clarity were compared between groups.

RESULTS: The mean change in CCT from preoperatively to 1 day postoperatively was �6.49% G
2.7% in Group 1 and �13.44% G 4.3% in Group 2 and from preoperatively to 7 days, �1.74% G
1.3% mm and �5.55% G 4.3%, respectively (both P<.001). There was no statistically significant
difference in the rate of change in ECD between groups from preoperatively to 3 months postoper-
atively (4.67% G 0.15% versus �5.22% G 2.84% (P Z .45). Anterior chamber flare, cells, and
corneal clarity at 1 day were significantly better in Group 1 than in Group 2.

CONCLUSION: Low fluidic parameters led to a lower increase in CCT 1 day and 7 days postopera-
tively, decreased anterior segment inflammation at 1 day, and yielded clear corneas.

Financial Disclosure: No author has a financial or proprietary interest in any material or method
mentioned.
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Recent developments in phacoemulsification technol-
ogy have led to benefits including decreased postoc-
clusion surge and improved fluidics. Moreover,
user-controlled parameters, such as interrupted phaco
modes, vacuum settings, and variable aspiration
flow rates,1–12 have increased the safety and predict-
ability of the outcomes of cataract and refractive lens
exchange procedures. Furthermore, increased surgeon
confidence when using phacoemulsification tech-
niques has led to experimentation with intentionally
altered flow parameters. Surgeons have adopted sev-
eral approaches that can be differentiated by the use
of high, medium, or low aspiration rates, vacuum
levels, and irrigation flow rates (by altering irrigation
bottle heights) as well as by continuous or interrupted
phaco energy modulations. In practice, surgeons can
SCRS and ESCRS
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use different fluidic parameters and still perform ‘‘suc-
cessful’’ phacoemulsification. To reduce surgical time
and minimize the duration and amount of ultrasound
energy dissipated in the eye, some surgeons use higher
fluidic settings. Others prefer lower settings to reduce
trauma caused by the turbulence of fluid and to
increase safety to surrounding tissues.13

In a recent prospective randomized clinical trial,
Baradaran-Rafii et al.14 evaluated a high-vacuum
group (400 mm Hg; flow rate 40 cc/min) and a low-
vacuum group (200 mm Hg; flow rate of 20 cc/min).
In both groups, endothelial cell loss was related to
the ultrasound energy used, not to vacuum levels.
Except for this, to the best of our knowledge there is
a paucity of peer-reviewed literature on the postoper-
ative impact of fluidic load or throughput on anterior
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589MPACT OF ASPIRATION PARAMETERS ON POSTOPERATIVE OUTCOMES
segment structures. Therefore, we performed a study
to determine whether a lower aspiration flow rate
and bottle height during microcoaxial phaco-
emulsification with longitudinal ultrasound improves
outcomes. In particular, we wanted to determine the
impact of flow rates on central corneal thickness
(CCT), anterior segment inflammation, and corneal
endothelial cell density (ECD).
PATIENTS AND METHODS

This prospective randomized study included patients with
age-related cataract who had microcoaxial phacoemulsifica-
tion with longitudinal ultrasound at Iladevi Cataract & IOL
Research Center from March to July 2008. An institutional
review board approved the study, and all patients provided
informed consent before they were enrolled.

One eye of each patient was included in the study. Exclu-
sion criteria included age-related cataract combined with
a compromised ocular environment (eg, ECD %1500 cells/
mm2), a shallow anterior chamber (%2.1 mm), inadequate
pupil dilation (3.0 mm), extremely soft or dense cataract
(grade 1, 4, or 5 using Emery and Little classification15), pos-
terior polar cataract, subluxated cataract, and white mature
cataract.

A comprehensive slitlamp examination was performed.
The corneal endotheliumwas assessed by noncontact specu-
lar microscopy (Topcon SP-2000P, Topcon Corp.) and cor-
neal thickness, by ultrasound pachymetry (Ocuscan, Alcon,
Inc.). The patient was asked to look at a fixed target in the
distance while the ultrasound probe was placed perpendicu-
lar to the central cornea without undue pressure. The mean
of 3 values with an error less than 0.001 was used.

Patients were randomly assigned to have surgery using
low aspiration parameters (Group 1) or high aspiration
parameters (Group 2). Randomization was by an opaque
envelope system in which sequenced and sealed opaque
envelopes containing 1 of the 2 options were prepared before
commencement of the study. Table 1 shows the parameters
used during different stages of surgery. The surgeon was
not masked to the fluidic parameters.

The same surgeon (A.R.V.) performed all operations using
an Infiniti Vision phaco system (Alcon, Inc.). A standardized
technique was used to ensure comparative consistency across
samples. Two 1.0 mm wide side-port incisions were created.
A dispersive ophthalmic viscosurgical device (OVD) compris-
ing sodium hyaluronate 3.0%–chondroitin sulfate 4.0% (Vis-
coat), was injected followed by an injection of a cohesive
OVD comprising sodium hyaluronate 1.0% (Provisc) beneath
the dispersiveOVD (ie, soft-shell technique). A 2.2mm single-
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plane clear corneal incisionwasmade temporally and a capsu-
lorhexis created. After hydrodissection, phacoemulsification
was performed using a 0.9 mm miniflare ABS 45-degree
Kelman tip with an ultrasleeve (Alcon, Inc.). The nucleus
was divided using step-by-step, chop in situ, and lateral sep-
aration techniques16 to create multiple small fragments.
Although the standard approach at the clinic is to use the
step-down technique during fragment removal,17 parameters
pertaining to vacuum settings, aspiration flow rates, and
bottle height parameters were kept constant in this study.
Varying fluidic parameters were used depending on the
group towhich the eye had been assigned.After lens removal,
bimanual irrigation/aspiration (I/A) was performed for
cortex removal. An AcrySof SN60WF intraocular lens was
implanted in the capsular bag with a D-cartridge (both Alcon,
Inc.). Residual OVD was thoroughly removed by bimanual
I/A. Stromal hydration was performed on the 2 paracenteses
and the main incision. The edges of each incision were
hydrated until the point of internal entry was sealed. At the
end of surgery, intracameral moxifloxacin 0.5% was injected
into the anterior chamber.

Intraoperatively, surgical time and the amount of fluid
usedweremeasured from the start of sculpting to the conclu-
sion of epinucleus removal. Cumulative dissipated energy
(CDE) was recorded from the phaco unit’s display.

The primary outcomemeasures were the rate of change in
CCT from preoperatively to 1 and 7 days and 1 and 3months
postoperatively and ECD loss from preoperatively period to
3 months postoperatively. The rate of postoperative change
in CCT was compared between the 2 groups at 1 and 7
days and 1 month. The percentage change in ECD was com-
pared at 3 months. Secondary observations were anterior
segment inflammation on the first postoperative day, graded
according to Hogan’s criteria.18 On the first postoperative
day, anterior chamber flare and cells were also observed
and compared between the 2 groups. The same examiner
performed all postoperative evaluations and was masked
to the parameters used.
Sample Size Calculation and Statistical Analysis
The sample size for the study was computed using obser-
vations in a pilot study of 10 patients in each of the 2 groups.
The data showed that the rate of increase in CCT on the first
postoperative day was 7.8% in Group 1 and 13.9% in Group
2. Considering this difference as clinically relevant with
a standard deviation of G2 mm for Group 1 and G6 mm
for Group 2, it was decided that a sample size of 25 cases
in each group would provide adequate power (85%).

Because the data distribution was normal in both groups
as confirmed by the Shapiro-Wilks test, parametric tests
were used to test for differences between the 2 groups; the
tests included the independent sample t test (Levene test
for equality of variances). The postoperative CCT change
data were not normally distributed at the 1-week follow-
up; therefore, the nonparametric Mann-Whitney U test was
used to compare the rate between the 2 groups. An indepen-
dent sample t test was used to compare the percentage
change in ECD in the 2 groups 3 months postoperatively.
The test of proportion was used to compare the differences
in anterior segment inflammation and corneal clarity.

RESULTS

Each group comprised 25 patients. The mean age of
the patients was 59 years G 3.1 (SD) in Group 1 (low
- VOL 36, APRIL 2010
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Table 1. Surgical parameters.

Parameter
US: Preset

Amplitude (%) Pulses per Second
‘‘On’’ Time

(%)
Vacuum
(mm Hg)

AFR
(cc/Min)

Bottle Height
(cm)

Low (Group 1)
Sculpting 60 40 40 80 25 70
Chopping 60 40 40 %400* 25 70
Fragment removal 60 40 40 250 25 90

High (Group 2)
Sculpting 60 40 40 80 40 90
Chopping 60 40 40 %650* 40 90
Fragment removal 60 40 40 350 40 110

AFR Z aspiration flow rate; US Z ultrasound
*Depending on cataract
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parameters) and 53 G 2.7 years in Group 2 (high pa-
rameters) and the male-to-female ratio, 52 to 48 and
53 to 47, respectively; the differences between the
groups were not statistically significant (P Z .63 and
P Z .7, respectively).

Table 2 shows the surgical time, fluid used, andCDE
by group. All 3 parameters were statistically signifi-
cantly greater in Group 1 than in Group 2 (all P!.001).

Table 3 shows the preoperative and postoperative
mean CCT and the change over time. There was no dif-
ference in mean CCT between Group 1 and Group 2
preoperatively (P Z .65). The difference between
groups in the rate of change in CCT was statistically
significant between the 2 groups from preoperatively
to 1 day postoperatively and from 1 day to 7 days post-
operatively (both P!.001) but not at 1 month or 3
months (P Z .20 and P Z .14, respectively).

Table 4 shows the preoperative and postoperative
mean ECDand the change over time. Therewas no dif-
ference in the mean ECD between Group 1 and Group
2 preoperatively (P Z .65). There was no statistically
significant difference between groups in the rate of
ECD change from preoperatively to postoperatively
(P Z .45).

No eye in either group had adverse intraoperative
events including posterior capsule rupture or uveal
tissue aspiration. Table 5 compares anterior segment
Table 2. Intraoperative surgical time, fluid used, and CDE.

Mean G SD

Parameter Group 1 Group 2 P Value

CDE 23.45 G 12.93 14.14 G 6.81 .001
Surgical time (min) 5.29 G 1.57 4.10 G 1.56 .001
Fluid used (cc) 175.0 G 72.7 123.8 G 51.4 .001

CDE Z cumulative dissipated energy
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inflammation between groups on the first postopera-
tive day; the influence of fluidic parameters on anterior
chamber flare and cells was statistically significantly
different between the 2 groups (P!.01, test of propor-
tion). Table 6 shows the incidence of corneal clarity,
corneal edema, and Descemet membrane folds 1 day
postoperatively. Statistically significantly more eyes
in Group 1 than in Group 2 had a clear cornea
(P!.001). Statistically significantly more eyes in
Group 2 than in Group 1 had corneal edema (P!.04)
and Descemet membrane folds (P Z .01).
DISCUSSION

With improvements in phacoemulsification technol-
ogy, the efficacy of cataract surgery techniques has in-
creased. Associated benefits of improved technique is
protection of the corneal endothelium against damage
and less trauma to other intraocular tissues, which can
cause complications such as posterior capsule rupture,
uveal tissue trauma, and vitreous loss.1–12

In a previous observational study, we explored the
intraoperative effect of using low or high fluidic pa-
rameters (eg, vacuum settings, bottle heights, and as-
piration flow rates) on intraocular pressure (IOP)
fluctuations during microcoaxial phacoemulsification
(D. Pandita, MS, et al., ‘‘Evaluation of Fluidic Manage-
ment Systems by Measuring the Dynamic IOP Fluctu-
ations During Phacoemulsification,’’ presented at the
XXV Congress of the European Society of Cataract &
Refractive Surgeons, Stockholm, Sweden, September
2007). We determined that IOP fluctuations and abso-
lute IOP levels with lower fluidic parameters, specifi-
cally aspiration flow rate and bottle height, were
lower than with higher fluidic parameters. Based on
the enhanced performance in our previous study, we
sought to determine whether using a lower aspiration
flow rate and bottle height during microcoaxial pha-
coemulsification with longitudinal ultrasound would
- VOL 36, APRIL 2010

petznan1
Highlight

petznan1
Highlight

petznan1
Highlight

petznan1
Highlight



Table 3. Preoperative and postoperative CCT and change over time.

Central Corneal
Thickness (mm)

Group 1 Group 2

Exam Mean G SD Mean Change* (%) G SD Mean G SD Mean Change* (%) G SD P Value†

Preop 550.52 G 35.34 d 545.48 G 41.73 d d

Postop
1 d 585.84 G 33.61 6.49 G 2.7 617.92 G 40.09 13.44 G 4.3 !.001z

7 d 559.92 G 33.29 1.74 G 1.3 575.52 G 46.27 5.55 G 4.3 !.001x

30 d 558.60 G 34.23 1.49 G 1.0 555.60 G 42.25 1.86 G 1.0 .20z

90 d 554.84 G 35.08 0.79 G 0.7 551.44 G 40.91 1.11 G 0.7 .14z

*From previous measurement
†Comparison of CCT change between groups
zIndependent sample t test
xMann-Whitney U test
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improve outcome, in particular the effect on CCT, an-
terior segment inflammation, and the corneal endothe-
lium. Therefore, in this study, we assessed whether
elevated aspiration flow rates and bottle heights
have an identifiable or quantifiable impact on those
outcomes in the immediate period after cataract
surgery.

It is well documented that corneal edema, a change
in CCT, and corneal endothelial cell loss are indicators
of surgically induced corneal trauma.19–21 It has also
been suggested that corneal thickness provides a mea-
sure of the amount of surgically induced endothelial
injury.22 Some suggest that an increase in CCT on
the first postoperative day correlates with surgical
trauma to the endothelium and that it is proportional
to cell loss at 3 months.23

In the present study, eyes having surgery with a low
aspiration flow (Group 1) had a significantly lower
rate of change in CCT postoperatively. Eyes having
surgery with a high aspiration flow rate (Group 2)
had a greater incidence of Descemet folds and corneal
edema as well as a significant increase in anterior seg-
ment inflammation on the first postoperative day.
Table 4. Preoperative and postoperative ECD and change in ECD.

Endothel
Density (ce

Group 1

Exam Mean G SD
Mean Change
(%) G SD

Preop 2498.08 G 278.39 d

Postop 90 days 2380.08 G 258.31 4.67 G 2.15

*Comparison of ECD change between groups; independent sample t test

J CATARACT REFRACT SURG
There was no significant difference in the percentage
of ECD change between the 2 groups at 3 months post-
operatively, even though the phaco time, amount of
fluid used, and surgical time were higher in Group 1
than in Group 2. We believe this finding is related to
our observation that during surgery, the lower aspira-
tion parameters allowed the surgeon to continue emul-
sifying the lens fragments at a posterior plane away
from the corneal endothelium until all the fragments
were removed. Thus, despite the use of posterior-
plane emulsification, there was little risk for posterior
capsule rupture or uveal tissue aspiration. As a result,
the mechanical contact between lens fragments and
corneal endothelium may be less. Lowered fluid flow
reduces turbulence in the anterior chamber, and we
speculate this might reduce endothelial damage and
blood–aqueous barrier breakdown. Hayashi et al.19

found that nuclear fragments that have mechanical
contact with the endothelium are the significant risk
factors for intraoperative endothelial injury. Further-
more, they found that the total amount of ultrasound
energy and hydrodynamic flow in the anterior
chamber might be related to corneal endothelial cell
ial Cell
lls/mm2)

Group 2

Mean G SD
Mean Change
(%) G SD P Value*

2521.88 G 285.74 d d

2390.24 G 283.92 5.22 G 2.84 .45
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Table 5. Between-group comparison of anterior segment in-
flammation 1 day postoperatively.

Anterior Chamber Cells Anterior Chamber Flare

Group !2 Cells R2 Cells !2 Flare R2 Flare

Low flow
rate, n (%)

19 (76) 6 (24) 23 (92) 2 (8)

High flow
rate, n (%)

10 (40) 15 (60) 15 (60) 10 (40)

P value* .01 .01 .01 .01

*Test of proportion
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damage. In another study, Baradaran-Rafii et al.14

evaluated the effects of power, vacuum settings, and
flow rates on endothelial cell loss after phacoemulsifi-
cation and found that ultrasound energy had a consid-
erable effect on endothelial cell loss. Therefore,
techniques and parameters that safely allow
posterior-plane emulsification would likely reduce
corneal endothelial injury.

In contrast, with higher aspiration flow rates, the
surgeon is often forced to perform fragment removal
at an anterior plane for fear of risking posterior capsule
rupture and uveal tissue aspiration. A drawback of
lower fluidic parameters is a reduction in the speed
of the procedure. However, although high flow rates
can increase the speed of nuclear removal, they also
require raising the bottle height to maintain anterior
chamber stability. This increases the incidence of nu-
clear fragments approaching or contacting the endo-
thelium as a result of excessive fluid turnover or
increased turbulence in the anterior chamber.

Some studies17,24 report advantages to using low
flow rates and bottle heights. Osher’s slow-motion
phacoemulsification approach24 and Vasavada and
Raj’s step-down technique17 show the safety of low
fluidic parameters and a graded reduction in parame-
ters during phacoemulsificationwithout risking poste-
rior capsule rupture. The essence of these techniques
lies in the enhanced safety they provide during the en-
tire fragment removal procedure. Although the safety
Table 6. Incidence of corneal clarity, corneal edema, and Desce-
met membrane folds on slitlamp examination 1 day
postoperatively.

Eyes, n (%)

Group Clear Cornea Corneal Edema Descemet Folds

Low flow rate 20 (80) 5 (20) 0
High flow rate 7 (28) 12 (48) 6 (24)
P value* .001 .04 .01

*Test of proportion

J CATARACT REFRACT SURG
of low parameters in an intraoperative setting has been
validated in these techniques, we evaluated the post-
operative outcomes of using such parameters.

Another often overlooked benefit of low aspiration
flow rates and a low bottle height is the lower intra-
operative IOP associated with these parameters. Al-
though relevant in all eyes, this benefit is particularly
important in eyes with glaucoma or other vascular
compromise. Corydon et al.25 evaluated a 1-handed
phacoemulsification technique with low fluidic pa-
rameters in freshly enucleated porcine eyes. They
found that IOP remained more stable when phaco-
emulsification was performed with low flow rates
and vacuum settings than with higher standard set-
tings. The authors also found that lowering the param-
eters would reduce surgical trauma to the eye.
Wilbrandt and Wilbrandt26 measured IOP fluctua-
tions with different phacoemulsification methods.
They found that with a slow-motion approach,
a steady IOP was maintained with minor fluctuations.

In conclusion, low aspiration flow rates resulted in
a reduced rate of CCT increase 1 day and 7 days post-
operatively. Low flow rates also resulted in clearer cor-
neas and decreased anterior segment inflammation on
the first postoperative day. Throughout this study, we
maintained acceptable procedural efficacy even when
using low parameters. However, the use of low flow
rates and bottle heights did result in greater fluid
use, surgical time, and phaco time.
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