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ASSESSING CLINICAL EFFICACY OF NEW METHOD FOR ADAPTIVE INFUSION CONTROL
IN PHACOEMULSIFICATION
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Reduction of the adverse effects of intraoperative intraocular pressure fluctuation referred to as post-occlusion surge on the intraocular structures is an important
task for ensuring phacoemulsification safety. In this regard, the method to control infusion during phacoemulsification based on controlling the infusion and
aspiration flow rates in combination with monitoring of vacuum parameters was developed. The study was aimed to provide comparative assessment of clinical
and functional characteristics of the eye in patients after phacoemulsification using the new and already existing adaptive infusion control methods. A total of
38 patients aged 66.4 + 7.8 years (15 males and 23 females) in the index group (Optimed Profi system with the use of new method) and 35 patients aged 68.7 + 7.5
years (16 males and 19 females) in the control group (Centurion Vision System with Active Fluidics) underwent surgery due to cataract. The patients underwent
comprehensive eye examination before surgery and on days 1, 7, 30, months 3, 6 after surgery. The smaller loss of corneal endothelial cells on months 3 and 6
after surgery was observed in patients of the index group with grade Il and IV cataract (p < 0.05). Comparison of macular microcirculation parameters revealed the
reduced FAZ area by month 6 of postoperative follow-up in the index group, along with the increased total vascular density of the deep vasculature (p < 0.001).
A significant decrease in the total density of the superficial and deep vascular plexuses by month 6 of postoperative follow-up was observed in the control group
(p < 0.05). The use of new adaptive infusion control method contributes to effective phacoemulsification of cataracts of varying density with the lower percentage
of the corneal endothelial cells lost in the late postoperative period.
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OLIEHKA KITMHNYECKOW 3®®EKTUBHOCTN HOBOIO CMOCOBA ADANTUBHOIO YMNPABNEHUA
WH®Y3UNEN NPU ®AKOIMYITbCUPUKALIN

B. M. AgHabaes'?, T. P. Myxamapgees'?, T. H. Vicmarvnos'? &2, T. 1. [InGaes'?

" BalKMpCKumiA rocyaapCTBEHHbIN MEOULWHCKUIA YHUBEPCUTET, Ydha, Poccus

2 3aKkpblToe akLmoHepHoe obLecTBo «OnTMmencepsurc», Yda, Poccust

BaxkHol 3agadent ans obecnedeHns 6esonacHoCcTy hakoamynscnubmkaumn (PIK) SBSETCH CHMKEHWE HeraTuBHbIX BO3OEMCTBUIN Ha BHYTPUMMAa3HbIE CTPYKTYPbI
MHTPaoMNepaLVoHHbIX KoNebaHWin BHYTPUIIA3HOrO AaBNeHNst — MOCTOKKITIO3MOHHBIX BOSH (MOB). B ¢BA3M ¢ 3TM 6bin padpaboTaH HOBbIN Crocob ynpasneHus
nHy3ven npn GIK, 0OCHOBaHHbBIN Ha KOHTPOE CKOPOCTU MH(PY3MOHHOTO 1 aCMMPaLMOHHOMO MOTOKOB B COBOKYMHOCTU C MOHUTOPVHIOM NapamMeTpoB Bakyyma.
Llenbto nccnenoBaHust GbIN0 AaTh CPABHUTENBHYKO OLEHKY KIMHUKO-(YHKLMOHANBHBIX NokasaTenen rmna3 naumeHToB nocne ®9K ¢ NpUMeHeHeM HOBOrO 1
CyLLIECTBYIOLLEro cnocoboB afanTUBHOMO ynpasneHust nHdyauen. Mo noBomdy katapakTbl bl NpoonepupoBaHbl 38 nauveHToB B Bo3dpacTte 66,4 + 7,8 roga
(15 My>X4MH 1 23 >KeHLLMHbI) B OCHOBHOW rpynne (cuctema Ontumen Mpodu ¢ npuMeHeHrem HOBOro crnocoba), 35 naumeHToB B Bo3pacTe 68,7 + 7,5 roga
(16 My>k4mH 1 19 XKeHLLWH) B KOHTpOsbHOM rpynne (cuctema Centurion Vision System ¢ dyHkuven Active Fluidics). o onepauyn, a Takxke Ha 1-e, 7-e, 30-e
CYTKW, Ha 3- 1 B-i MecsLbl Mocne onepauum nauvieHTam NpoBOANAM KOMIIEKCHOE obTanbMonorndeckoe obcnefoBaHme. Y nauveHToB OCHOBHOW rpymmbl C
Il v IV cTeneHbio NAOTHOCTN KaTapakTbl OTMeYeHa MeHbLLIAs MOTepst SHAOTENMANbHbIX KIETOK POroBULbl Ha 3-11 1 6-11 MecsLpl nocne onepaumn (p < 0,05). Mo
pesynsTatam CpaBHEHNS NapaMeTPOB MUKPOLIPKYSILI MakysipHOM 0611acTy, B OCHOBHOW rpyrne K 6-My MeCsiLly MocneonepaLiioHHOro HabmioaeH!s 0TMEHEHO
cHKeHne nnowaon PA3, a Takke yBenmyeHne obLueit NNoTHOCTU COCyAoB ryboKon cocyamucTomn cetn (p < 0,001). B KOHTponbHOM rpynne, K 6-My MecsiLy
MocneonepaLyoHHOro HabAEHNST OTMEHYEHO CTATUCTUHECKM 3HAYMMOE CHIYDKEHME OBLLE MAOTHOCTU NMOBEPXHOCTHOMO U M1yOOKOro COCYANCTbIX CMNETEHNN
(o < 0,05). Vicnonb3oBaHve HOBOIo cnocoba aflanTVBHOIO YNpaBieHVst MHAY3Mer crnocobCcTBYeT SPMEKTUBHOMY BbIMOMHEHWIO (HaKOIMYNbCUMMKALIN KaTapakT
PasnM4HON MAOTHOCTU C MEHBLUMM MPOLEHTOM MOTEPU SHAOTENMANBHBIX KIETOK POrOBULIbI B OTAANEHHOM NOCIe0nepaLioHHOM NepUoAe.
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Phacoemulsification (PE), the surgical procedure during which
the lens is broken down and emulsified by ultrasound, and then
an intraocular lens (IOL) is implanted, is the cataract surgery
method most commonly used all over the world [1-3].

Today, reducing intraoperative trauma and the surgical
intervention invasiveness is considered to be the main trend
in cataract surgery. Reducing the damaging effects of the
intraocular pressure fluctuation, resulting from imbalance
between fluid inflow and outflow from the anterior chamber of the
eye (post-occlusion surge, POS), on the intraocular structures is
the major task for ensuring phacoemulsification safety [4-8].

Control over the surgical system infusion component is
one of the leading methods to counter POS. The infusion fluid
supply is an essential component of cataract surgery ensuring
the anterior chamber stability [9-11]. Effective infusion control
is impossible without continuous monitoring of the system
hydrodynamic parameters (vacuum level in the aspiration line,
peristaltic pump speed, infusion line pressure) [12-17]. In this
regard, adaptive influsion flow control methods adjusting the
infusion pressure to the changing hugrodynamic conditions
of the surgical procedure are implemented in modern
surgical systems. Despite the existing methods to ensure PE
hydrodynamic stability, the problem of POS emergence arises
even during operations conducted using advanced surgical
systems, the majority of which involve the use of adaptive
influsion flow control methods [18-20].

When controlling infusion, great attention should be paid
to quick and reliable assessment of the phaco needle travel in
different hydrodynamic states. Timely differentiation of consecutive
hydrodynamic states (state of phaco needle occlusion, states of
occlusion break and traversable phaco needle) by the surgical
system is an important aspect of the problem.

The touchless control of flow rates in the system lines can
become a solution to the problem of reliable phaco needle
transversability assessment, since flow rate is constant along
the entire length of the tube. Furthermore, the joint monitoring of
flow rate in the infusion and aspiration lines will make it possible
to detect minor flow rate fluctuations that can be precursors of
occlusion break.

Staff members of the Optalmology Department of BSMU
together with the engineers of the Microsurgery Equipment
division of ZAO "Optimedservis" have developed a new method
for adaptive infusion control in PE (patent RF Ne 2788289 dated
17.01.2023) based on the Optimed Profi surgical system (RU
Ne FSR 2011/11396 dated 11.11.2013). The method invented
allows one to reduce intraoperative intraocular pressure
fluctuation (post-occlusion surge) due to rational infusion flow
control depending on the aspiration and infusion flow rate
parameters, as well as on the vacuum level in the aspiration line
[21, 22]. Comparative assessment of the clinical and functional
characteristics of patients with age-related cataract subjected
to PE with the use of the new adaptive infusion control method
based on the Optimed Profi system and the existing adaptive
infusion control method based on the Centurion Vision System
(Alcon; USA) is relevant.

The study was aimed to provide comparative assessment
of clinical and functional characteristics of the eye in patients
after PE performed using the new and already existing adaptive
infusion control methods.

METHODS
Inclusion criteria: grade (degree of the lens nucleus density)

I-IV age-related cataract with the the number of corneal
endothelial cells exceeding 1500 ¢/mm?; no history of corneal
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distrophy or eye surgery. The patients underwent surgery at
the Optalmology Department of BSMU, in the Optimed laser
vision restoration center (Ufa). In the index group of patients
(n = 38), phacoemulsification was performed using the Optimed
Profi surgical system and the new adaptive infusion control
method. In the control group of patients (n = 35), surgery was
performed using the Centurion Vision System with the Active
Fluidics function.

The fundamental difference of the new method for adaptive
infusion control in PE from the existing one is represented by
phaco needle transversability assessment and infusion pressure
management not based on controlling the infusion pressure that
can vary between various line parts, but implemented through
complex monitoring of the infusion and aspiration flow rates
that are constant along the entire length of the line. Vacuum
level in the aspiration line is the third parameter to be controlled.

The algorithm of the method involves identification of at least
three hydrodynamic states based on the characteristic changes
in the infusion and aspiration flow rate parameters and the
vacuum level in the aspiration line: “transversable phaco needle”,
“phaco needle occlusion”, “occlusion break”; furthermore, the
post-occlusion surge infusion compensation and identification of
the “occlusion break” state occur simultaneously.

The advantage of the method developed is that it ensures
adaptive infusion control allowing one to improve accuracy
and reliability of identification of the hydrodynamic states
associated with the phaco needle transversability during
phacoemulsification, as well as to reduce intraoperative IOP
fluctuation associated with post-occlusion surge.

When enrolling patients, the clinical groups were carefully
formed. This was due to the need to create identical conditions
for estimation of the clinical and functional surgical outcomes.
To form comparable groups, the following was considered: lens
nucleus density (according to the generally accepted Buratto
classification), features of comorbidities, and gender and age
distribution [23].

Non-inclusion criteria: complications or traumatic
cataract; grade V cataract according to Buratto classification;
pseudoexfoliation syndrome; concomitant eye disorder, such
as high ametropia; diabetic retinopathy and other severe
somatic disorders.

Patients of both groups underwent a comprehensive eye
examination that included estimation of the decimal best-
corrected visual acuity (BCVA), biomicroscopy, enumeration of
the lost corneal endothelial cells with the EM-3000 endothelial
microscope (Tomey; Japan). To assess vascular density of
the superficial and deep vascular plexuses in the parafovea
and perifovea, as well as to calculate the foveal avascular
zone (FAZ) area, we peformed optical coherence tomography
angiography (OCTA) with the Avanti XR scanner (Optovue;
USA) in 25 patients from each group.

Furthermore, mean ocular perfusion pressure (MOPP) was
calculated before surgery and throughout the postoperative
period in patients of both groups using the following formula:

MOPP = 2/3 MAP - IOP,

where MAP (mean arterial pressure) = 1/3 SBP (systolic
blood pressure) + 2/3 DBP (diastolic blood pressure), IOP —
intraocular pressure [24].

All surgical procedures were conducted under local
anesthesia in outpatient settings. Settings of surgical systems
are provided in Table 1.

The inner diameters of the aspiration and infusion line tubes
were the same in both groups: 1.3 and 3.25 mm, respectively.
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Table 1. Settings of surgical systems used in the index and control groups

Groups
Parameter Index (n = 38) Control (n = 35)
Optimed Profi Centurion Vision System
Vacuum threshold, mmHg 400 400
Aspiration performance, mL/min 35 35
Aspiration mode Fixed Fixed
Target IOP, mmHg 45 45
Ultrasound waveforms 3D Torsion + longitudinal
Ultrasound power, % 0-80 0-80
Ultrasound mode Hyperpulse Hyperpulse
Phaco needle gauge 21G 21G

Surgical procedures were performed at the target IOP (45 mmHg),
in accordance with the up-to-date literature data and the
guidelines of the world’s association of cataract surgeons.
According to their data, the target IOP range that is optimal in
terms of PE efficacy and safety is 45-60 mmHg [25-27].

After making corneal incisions and staining the anterior
lens capsule, the circular capsulorhexis technique was applied.
After the hydrodissection and hydrodelineation phase was
over, the phase of the lens nucleus fracture and fragmentation
began. The ultrasound power was set individually depending
on the cataract density. In general, the ultrasound power set
when removing grade | nuclei did not exceed 20%. When
removing grade Il nuclei, power of 20-35% was used, grade
I — 40-50%, grade IV — 50% or more. The hydrodynamic
settings of surgical systems used during the surgical procedure
(aspiration pump speed, aspiration mode, vacuum level in the
aspiration line, target IOP) were the same for all nuclear density
degrees. The Phaco Quick Chop method was used to break
up the nucleus. A flexible intraocular lens was implanted in the
capsular bag.

The follow-up examinations of patients aimed at assessing
clinical and functional characteristics of vision, as well as
surgical complications, were performed on days 1, 7 and 30,
as well as on months 3 and 6 of postoperative period.

Statistical processing of the results was performed using
the SPSS ver. 27 software package (IBM Corporation; USA).
After testing the distribution for normality, the parametric
Student’s t-test or the nonparametric Mann-Whitney U test
were used when there were significant differences between
two independent samples (p < 0.05). When the distribution
was normal, the data were presented as mean and standard
deviation (M + Sd), while in case of non-normal distribution the
data were presented as median and interquartile range (Me
Q,; Q). The Friedman test was used to perform analysis of
variance for related samples (p < 0.05).

Table 2. Clinical and demographic data of patients in the index and control groups

RESULTS

The clinical and demographic data of patients are provided in
Table 2.

High BCVA values (0.86 + 0.13 in the index group, 0.83 + 0.16
in the control group) were reported in both groups by day
30 after surgery. BCVA was 0.87 + 0.14 in the index group and
0.85 + 0.15 in the control group by month 6 of postoperative
follow-up. There were no significant differences in BCVA
between groups (p > 0.05).

The clinically significant corneal edema was the most
common complication in the early postoperative period: there
were three cases in the index group (7.9%) and four cases in the
control group (11.4%). The clinically significant corneal edema
was associated with the decreased corneal transparency,
mainly in the optical zone, stromal thickening, and folds in
the Descemet membrane. This complication improved due to
treatment by day 7 of postoperative period.

Comparison of the corneal endothelial cell loss was
performed during months 3 and 6 of postoperative period
in accordance with the literature data, since the majority of
ophthalmologists believe that endothelial defect repair occurs
three months after surgery [28]. The results of the endothelial
cell loss comparison between groups is provided in Table 3.

The following features were reported based on the
comparison of endotheliocyte loss percentage between groups
in the postoperative period: no significant differences were found
in patients with grade | cataract after three (p = 0.206) and six
(o =0.155) months. Estimation of endotheliocyte loss in patients
with grade Il cataract also revealed no significant intergroup
differences three (p = 0.135) and six (p = 0.087) months after
surgery. The loss of corneal endothelial cells in patients of the
index group with grade lll cataract was significantly lower on
months 3 (o = 0.012) and 6 (p = 0.025) of postoperative follow-up.
Furthermore, significantly lower endotheliocyte loss was

Index group Control group
Parameter (n=38) (n = 35)
Age, M + Sd 66.4+7.8 68.7 + 7.5
iz’l‘e 15 (34.78%) 16 (45.71%)
23 (65.22%) 19 (54.29%)
female
Cataract density grade according to Buratto
classification 8 (21.05%) 7 (20.00%)
| 14 (36.84%) 13 (37.14%)
Il 10 (26.32%) 9 (25.72%)
11l 6 (15.79%) 6 (17.14%)
I\
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Table 3. Dynamic changes in the corneal endotheliocyte loss observed in the index and control groups 3 and 6 months after surgery, % (Me (Q,; Q)

Cataract density

Index group

Control group

Month 3

Month 6

Month 3

Month 6

5.29 (4.88; 5.67)

5.49 (4.83; 6.25)

5.77 (5.29; 6.18)

5.86 (5.55; 6.32)

7.31 (6.63; 7.91)

7.42 (6.81; 8.03)

7.53 (7.31; 8.23)

7.79 (7.37; 8.49)

9.22 (8.16; 10.34)

9.83 (9.16; 10.42)

10.24 (9.69; 10.67)

10.59 (9.93; 11.35)

10.72 (9.95; 11.62)

11.59 (9.86; 12.24)

11.78 (11.13; 12.59)

11.89 (10.42; 12.67)

Table 4. Postoperative dynamic changes in MOPP values in the index and control groups, mmHg (M + Sd)

Follow-up period

Index group (n = 38)

Control group (n = 35)

Before surgery 52.44 +7.95 52.83 + 8.83
Day 1 52.27 + 8.80 52.53 +9.19
Day 7 52.59 + 7.68 53.14 + 8.77
Day 30 52.91 +7.48 53.29 + 7.53
3 months 53.81 + 6.78 53.70 + 7.52
6 months 54.54 +7.15 54.31 +7.66

reported in patients of the index group with grade IV cataract
on months 3 (p = 0.007) and 6 (p = 0.038) after surgery.

The intergroup comparison of MOPP values revealed no
significant differences at appropriate time points of the study
(o > 0.05). The dynamic changes in this parameter are provided
in Table 4.

We noted the decrease in MOPP values by month 6 after
surgery in both studied groups, however, these were non-

significant based on the Friedman test for related samples
(o > 0.05).

Comparison of macular microcirculation parameters
showed a significant decrease in FAZ area and an increase
in the total vascular density of the deep vasculature in the
index group by month 6 of postoperative follow-up (Table 5;
Fig. 1). A significant decrease in the total density of
superficial and deep vascular plexuses was reported in

Table 5. Postoperative dynamic changes in the macular OCTA parameters observed in the index group, n = 25; M + Sd)

Parameter Day 1 Day 7 Day 30 Month 3 Month 6 p-value
SVP total density, % 48.21 + 4.39 50.73 + 4.46 51.32 + 4.80 51.48 +5.13 51.14 + 5.05 p=0.113
DVP total density, % 46.98 + 5.42 48.22 + 5.02 49.63 + 4.89 50.54 + 5.58 51.02 + 4.72 p<0.001*
FAZ area, mm? 0.296 + 0.082 0.271 £ 0.079 0.270 + 0.091 0.275 + 0.068 0.274 + 0.091 p<0.001*
Note: * — significance based on the Friedman test for related samples.
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Fig. 1. Increased total vascular density of the macular zone in the index group based on the OCTA data (Multi Scans mode): on day 7 (A), month 3 (B), and month 6

(C) after PE
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Table 6. Postoperative dynamic changes in the macular OCTA parameters observed in the control group, (n = 25; M + Sd)

Parameter Day 1 Day 7 Day 30 Month 3 Month 6 p-value
SVP total density, % 48.62 + 5.02 50.49 + 4.73 50.97 + 5.11 51.09 + 5.05 50.80 + 4.69 p=0.012"
DVP total density, % 47.42 + 4.89 48.93 + 5.05 49.52 + 4.73 50.49 + 4.22 50.07 + 4.84 p<0.001*
FAZ area, mm? 0.281 + 0.082 0.275 + 0.101 0.270 + 0.121 0.268 + 0.186 0.269 + 0.193 p=0.206

Note: * — significance based on the Friedman test for related samples.

the control group by month 6 of postoperative follow-up
(Table 6).

No significant intergroup differences in the total vascular
density of the superficial and deep vascular plexuses of the
macular zone, as well as in the FAZ area were revealed at any
time point of the study (o > 0.05).

DISCUSSION

Given the results obtained, we can conclude that the dynamics
of corneal endotheliocyte loss observed when performing
phacoemulsification using the new adaptive infusion control
method based on the Optimed Profi surgical system is
comparable with that observed when using the existing adaptive
infusion control method based on the Centurion Vision System,
despite significant differences revealed by certain intergroup
comparisons that do not change the overall trend.

The findings are compliant with the literature data reporting
lower corneal endothelial loss associated with the use of
adaptive infusion control during PE compared to the use
of conventional gravity infusion [29, 30]. When assessing
endothelial cell loss, it is necessary to consider multifactorial
nature of endothelial injury that can be caused by both
mechanical and hydrodynamic factors [31]. However, the
smaller corneal endothelial cell loss observed on months 3
and 6 of postoperative period when using the new adaptive
infusion control method can be associated with the smaller
intraoperative amplitude of post-occlusion surge and the
reduced time of intraocular pressure improvement to the target
levels, as earlier reported [22].

The results of our study focused on BCVA estimation in
the control group are compliant with the data of the foreigh
study, during which BCVA (LogMAR) reached 0.04 by month 1
after surgery involving the use of the existing adaptive infusion
control method (Centurion Vision System with Active Fluidics
function), which corresponded to decimal visual acuity of
0.84-0.85 [32].

The clinically significant corneal edema occurring in patients
during their early postoperative period was a non-specific
complication that was equally frequent in both studied groups
and found mostly in patients with the IV nuclear density degree.
In our opinion, this complication was not associated with
performance of the surgical system hydrodynamic component.
[t could be caused by high cataract density.
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