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A B S T R A C T

Background: Cataracts are a common eye disease and a major cause of blindness in China and worldwide. In China,
the incidence of cataracts among people over 60 years old is as high as 80%. Surgery is the primary treatment for
various types of cataracts, but such invasive procedures can affect corneal endothelial cells to some extent.
Content: Cataract surgery can damage corneal endothelial cells, leading to complications such as corneal edema in
mild cases. Severe damage can result in endothelial decompensation, necessitating secondary corneal endothelial
transplantation. Preoperative thorough assessment of endothelial status, intraoperative endothelial protection
measures, and postoperative active use of medications to prevent further damage to endothelial cells can reduce
endothelial cell loss. Factors influencing endothelial cell status include whether the patient has related systemic
diseases or ocular conditions, the hardness of the nucleus, the choice of surgical incision, the method of nuclear
fragmentation, the type of viscoelastic agent used, the orientation of the phacoemulsification needle bevel, the
duration and energy of ultrasound use, the choice of fluid control system, the use of protective auxiliary in-
struments, the application of intraocular lens scaffold technology, femtosecond laser assistance, and the use of
certain medications.
Conclusions: Actively regulating the factors affecting corneal endothelial cells to reduce damage related to cataract
surgery is crucial. This paper reviews the existing literature on various factors affecting corneal endothelial cells
during cataract surgery and explores future developments and research directions.
1. Introduction

Cataract is a common blinding eye disease worldwide. In 2010, there
were 10.8million people blind due to cataracts, and with the aging global
population and increasing life expectancy, this number is projected to
rise to 40 million by 2025.1 Cataracts are degenerative changes charac-
terized by reduced transparency or color changes in the lens, leading to
decreased optical clarity. The pathogenesis of cataracts is influenced by a
variety of complex internal and external factors such as aging, metabolic
disorders, genetics, trauma, toxicity, radiation, local nutritional de-
ficiencies, and certain systemic metabolic or immune diseases. These
factors can cause lens opacity, preventing light from passing through the
cloudy lens to form an image on the retina, resulting in clinical symptoms
such as decreased vision, visual field defects, and reduced contrast
sensitivity, which affect the patient's daily life, work, and study.2 (see
Fig. 1)

The most common cataract surgery is phacoemulsification. Studies
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have shown that this procedure can damage the corneal endothelium,
mainly evidenced by a postoperative decrease in endothelial cell count,
an increase in average cell area, and an increase in central corneal
thickness.3 The corneal endothelium is located in the innermost layer of
the cornea's five-layer structure and consists of a single layer of hexag-
onal epithelial cells.4 It maintains corneal hydration and transparency.
However, damaged corneal endothelial cells are difficult to regenerate
and can only be replaced by the enlargement and migration of adjacent
cells. When endothelial cell damage exceeds a certain limit and there are
not enough endothelial cells to compensate for the deficit, it leads to
decompensation, resulting in vision loss or even blindness. At this stage,
the only treatment option is corneal endothelial transplantation.5

Therefore, protecting corneal endothelial cells is crucial. Many factors
can lead to damage and reduction of corneal endothelial cells, especially
post-cataract surgery, where this reduction is more pronounced. Thus,
controlling and preventing these adverse factors is particularly impor-
tant. We have summarized these adverse factors and the potential
st 2024
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Fig. 1. Factors leading to corneal endothelial cell loss during cataract surgery.
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damage caused by the surgery itself to the corneal endothelium,
providing insights and new perspectives for protecting the corneal
endothelium after cataract surgery. We will discuss and summarize from
the aspects of the patient's overall health, local eye condition, cataract
surgery, and medication use.

2. Patient's overall systemic condition

2.1. Diabetes and elevated glycated hemoglobin

Multiple studies have found that the hyperglycemic state in diabetic
patients causes metabolic stress, leading to corneal morphological ab-
normalities, higher rates of corneal endothelial cell loss, and reduced cell
density.5,6 The mechanisms by which diabetes affects corneal endothelial
cells are not fully agreed upon, but research suggests several key points:

● The primary pump of corneal endothelial cells is Naþ/K þ -ATPase,
which actively pumps fluid from the stroma into the aqueous humor
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to maintain corneal transparency. Persistent hyperglycemia in dia-
betes leads to decreased Naþ/K þ -ATPase activity, resulting in
changes in the morphology and permeability of corneal endothelial
cells.7

● The hyperglycemic state in diabetic patients increases the activity of
aldose reductase, causing sorbitol accumulation in corneal endothe-
lial cells. This hyperosmotic condition leads to endothelial cell
swelling.8

● Diabetic patients exhibit a slower Krebs cycle in the cornea, resulting
in reduced ATP production.9

● The glucose concentration in the aqueous humor of diabetic patients
may often be elevated, leading to metabolic acidosis in the corneal
stroma and a decrease in repair capability.9

● In diabetic patients, intraoperative pupil constriction is more com-
mon than in non-diabetic patients, necessitating phacoemulsification
closer to the cornea.10

● Diabetic patients have a lower density of the sub-basal nerve plexus
compared to non-diabetic patients, and cataract surgery further
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reduces this density, making diabetic patients more susceptible to
diabetic keratopathy.11

Additionally, studies have shown significant differences in corneal
endothelial cell loss between diabetic and non-diabetic populations
following phacoemulsification cataract surgery, with diabetic patients
experiencing greater endothelial cell loss.12 Therefore, proper blood
glucose control is beneficial for protecting corneal endothelial cells.

2.2. Age

Singh R et al.13 found that increasing age is an independent risk factor
for significant reduction in corneal endothelial cell (EC) count following
phacoemulsification. Both domestic and international studies have
shown that cell density decreases with age, while cell area and poly-
morphism increase with age.14 At birth, normal corneal EC density
ranges from 4000 to 5000 cells/mm2. With increasing age, corneal EC
density declines at a rate of 0.3%–0.6% per year, with normal adult eyes
approximating 2000–3000 cells/mm2.14

Age is an unavoidable factor leading to a decrease in corneal endo-
thelial cell count. Cataract patients are often elderly, and studies have
shown that the degree of endothelial cell density reduction after cataract
surgery increases with age.15 Therefore, it is beneficial to opt for surgical
treatment as early as possible when there are indications for cataract
surgery.

3. The patient's ocular condition

3.1. Glaucoma

Studies by Chen MJ et al.16 and Ianchulev T et al.17 have shown that
both open-angle glaucoma and angle-closure glaucoma result in varying
degrees of corneal endothelial cell loss. The most significant differences
in changes of average, maximum, and minimum cell areas are observed
in acute angle-closure glaucoma. This indicates that the short-term, se-
vere intraocular pressure (IOP) spikes during acute glaucoma attacks
cause more significant damage to the corneal endothelium compared to
the long-term, gradual, and sustained IOP elevation seen in open-angle
glaucoma and chronic angle-closure glaucoma. The studies also
mention that an acute glaucoma attack can result in up to a 33% loss of
corneal endothelial cells, with losses as high as 91%. Furthermore,
phacoemulsification in patients with cataracts combined with primary
open-angle glaucoma leads to greater endothelial cell loss compared to
patients with only cataracts.17

Therefore, due to the high IOP, glaucoma patients already have a
reduced corneal endothelial cell reserve compared to normal individuals.
Cataract surgery inevitably affects the corneal endothelium to some
extent, and glaucoma patients have lower tolerance to cataract surgery,
ultimately resulting in a decrease in corneal endothelial cells
postoperatively.

3.2. High myopia

Research by Patel V et al. indicates that patients with high myopia
experience more severe corneal endothelial cell loss after intraocular lens
implantation compared to non-myopic patients.18 Coullet J et al.'s
study19 shows that due to the high sensitivity of corneal endothelial cells
to damage in patients with high myopia, their postoperative recovery
period is longer than that of non-high myopic patients.

Currently, there is limited research on the impact of cataract surgery
on corneal endothelial cells in patients with high myopia. More data
collection and studies are needed to explore the effects and mechanisms
of high myopia on corneal endothelial cells.
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3.3. Anterior chamber depth and axial length of the eye

Research by Hwang HB et al.20 found that patients with an anterior
chamber depth (ACD) of 1.5 mm < ACD �2.5 mm experienced more
corneal endothelial cell loss after phacoemulsification cataract surgery
compared to those with an ACD of 3.5 mm< ACD�4.5 mm. This finding
is consistent with Khalid M et al.,21 who suggested that a shallower
anterior chamber depth reduces the operational space and distance for
the surgeon, leading to greater endothelial cell loss. Khalid M et al. also
indicated that a shorter axial length is a risk factor for postoperative
corneal endothelial cell loss.

Shallow anterior chamber and short axial length can serve as warning
indicators for surgeons, emphasizing the need for meticulous intra-
operative techniques to protect the corneal endothelium in these pa-
tients. Conversely, Reuschel A et al.22 argued that there is no significant
correlation between anterior chamber depth or axial length and post-
operative corneal endothelial cell loss. However, there are no stratified
controlled studies comparing corneal endothelial cell loss based on
different anterior chamber depths and axial lengths. The impact of these
two conditions on corneal endothelial cells requires further investigation.

3.4. Nuclear hardness

During phacoemulsification cataract surgery, removing a hard nu-
cleus requires more ultrasound energy and time compared to a soft nu-
cleus, thereby increasing the risk of surgery-induced trauma, particularly
corneal endothelial dysfunction. The study by Singh R et al.13 confirmed
that higher nucleus hardness results in greater postoperative corneal
endothelial cell loss. Clinically, it is not uncommon to encounter cataract
patients with corneal endothelial cell counts <1000 cells/mm2 and lens
nucleus grade � IV. These patients experience greater endothelial cell
loss and a higher rate of functional decompensation after
phacoemulsification.23

The increased postoperative corneal endothelial cell loss associated
with higher nucleus hardness may be related to the greater energy
required during surgery, prolonged ultrasound time, increased mechan-
ical damage to the corneal endothelium from nuclear fragments, and the
impact of perfusion fluid on endothelial cells. The use of femtosecond
laser-assisted phacoemulsification can significantly reduce corneal
endothelial cell loss caused by high nucleus hardness.24

Additionally, some patients, particularly the elderly, may delay
seeking medical attention for cataracts, which can result in the devel-
opment of extremely hard nuclei. In severe cases, this can lead to acute
angle-closure glaucoma during the hypermature phase, lens protein-
induced uveitis, phacolytic glaucoma, or lens dislocation during the
intumescent phase. This underscores the importance of promoting cata-
ract awareness and increasing public knowledge and attention to the
disease.

3.5. Other ocular diseases

Current research indicates that ocular diseases affecting corneal
endothelial cell count include:

● Primary corneal diseases: Fuchs' endothelial dystrophy, Peters'
anomaly, ICE syndrome, keratoconus, etc.25;

● Inflammatory factors: anterior uveitis, endothelial keratitis, etc.26,27;
● Other ocular diseases: pterygium, dry eye, and pseudoexfoliation

syndrome, etc.28,29

The presence of these ocular diseases, which inherently affect corneal
endothelial cell count, can further impact cataract surgery, potentially
leading to a further reduction in endothelial cells postoperatively and
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creating a vicious cycle. Currently, surgery is the only treatment for
cataracts. For cataract patients with an endothelial cell density <1500
cells/mm2, it is crucial to pay close attention to all possible causes of
endothelial cell damage before, during, and after surgery.30 Actively
treating primary diseases and minimizing the impact of ocular diseases
affecting endothelial cells is essential to reduce damage to the lowest
possible level.

4. Surgical factors

4.1. Incision method and incision location

4.1.1. Incision size
A randomized controlled trial evaluated four different incision sizes

for phacoemulsification: �1.5 mm, 1.8 mm, 2.2 mm, and approximately
3.0 mm. The results showed no significant differences in endothelial cell
loss and central corneal thickness among the different incision sizes.31 A
study based on Kenyan cataract patients indicated that those who un-
derwent small incision cataract surgery had better postoperative visual
recovery,32 possibly due to the protective effect of smaller incisions on
endothelial cells. Similarly, research by Hepokur M et al.33 found that
although the 2.2 mm incision group experienced slightly less endothelial
cell loss than the 2.8 mm incision group, the difference was not signifi-
cant. Moreover, the 2.2 mm incision caused faster and more intense fluid
jets and did not cool the ultrasound tip as effectively. The study suggested
that the choice of incision size should be based on the surgeon's prefer-
ence and the patient's needs.

However, other studies have shown that for phacoemulsification with
the same phaco tip, a 1.8 mm micro-incision results in faster visual re-
covery, more stable astigmatism, and better intraocular lens (IOL) posi-
tioning compared to traditional incisions,34 making micro-incisions more
beneficial for patients. Additionally, adjusting the size of the internal and
external incisions, such as creating a trapezoidal incision with a 2.2 mm
external and 3.0 mm internal size, can reduce friction from surgical in-
struments and lower the risk of Descemet membrane detachment.35 Since
the transition zone near the corneal limbus is considered the location of
corneal endothelial progenitor cells,36 choosing a modified incision to
protect the Descemet membrane is beneficial for the corneal endothelial
cells.

4.1.2. Bimanual incision or single incision
Research by Jiang Y et al. indicated that for cataract surgery patients

with low corneal density, choosing a double incision results in less
corneal endothelial cell loss compared to a single incision.23 This could
be because the double incision provides additional working channels,
avoiding repeated trauma to the same incision during surgery and
allowing the dispersal of phacoemulsification energy, thereby reducing
damage to the corneal endothelial cells.

Studies have shown that double-incision phacoemulsification cata-
ract extraction combined with intraocular lens implantation and external
trabeculectomy is effective for cataract patients with low endothelial cell
density and high sensitivity, especially those with coexisting glaucoma.
The double incisions can separate the trabeculectomy and phacoemul-
sification incisions, minimizing instrument and energy-induced irritation
to the conjunctiva and sclera, thereby protecting the corneal endothelial
cells and reducing postoperative complications. This approach is
considered safe and effective for patients with both glaucoma and
cataracts.37

Additionally, during small incision cataract surgery, inserting the
intraocular lens injector through a pre-cut corneal incision can some-
times result in uncontrollable tearing of corneal tissue, causing unnec-
essary damage to the corneal endothelial cells. A study examining three
classic incision shapes—straight, V-shaped, and frown-shaped—found
that for straight incisions, an angle of 170� was optimal, while for frown-
shaped incisions, a central angle of 6� was best. Both V-shaped and
frown-shaped incisions can accommodate larger injectors than straight
197
incisions, potentially reducing the endothelial damage caused by the
instruments themselves.38 Therefore, choosing the appropriate number
and shape of incisions is crucial for protecting corneal endothelial cells.

4.1.3. Clear corneal incision、scleral tunnel incision or limbal incision
Research has shown that patients undergoing phacoemulsification

with clear corneal incisions are more prone to postoperative intraocular
inflammation compared to those with scleral tunnel incisions or limbal
incisions, which may lead to greater postoperative corneal endothelial
cell loss and longer visual recovery times.39 Yi Q's study indicated that
limbal incisions have advantages in terms of postoperative corneal
edema and recurrent retinal detachment, helping to protect corneal
endothelial cells and maintain their density.40

From an anatomical perspective, clear corneal incisions directly cut
through the five layers of the cornea, causing the most damage to the
corneal endothelium. Scleral incisions disrupt the conjunctiva and su-
perficial scleral capillary network, potentially leading to postoperative
complications such as conjunctival hyperemia. Limbal incisions cause
damage to both the cornea and sclera but are less damaging compared to
purely corneal or scleral incisions. Additionally, studies have shown that
for pediatric cataracts, using long scleral tunnel incisions results in less
corneal endothelial damage and better prognoses.41

In conclusion, the most suitable incision location should be chosen
based on the patient's ocular condition and the surgeon's technique.

4.1.4. Steep meridian clear corneal incision compared to other incisions
Research by Song W42 indicated that incisions at the steepest me-

ridian of the cornea result in higher postoperative corneal endothelial
cell counts compared to clear corneal incisions at other locations and
superotemporal limbal incisions. This may be because these locations are
closer to the central surgical zone, which can disrupt the anterior
chamber and lead to greater endothelial cell loss. Additionally, per-
forming clear corneal incisions for phacoemulsification at the steep me-
ridian can have a significant rotational effect on overall corneal
astigmatism and reduce astigmatism along the meridian,42 which is
beneficial for postoperative visual recovery. Therefore, preoperative
corneal curvature assessment is essential.

It is important to choose the appropriate incision location—whether
temporal, superior, or at the steep meridian—based on the patient's
ocular conditions and intraoperative circumstances, especially if other
ocular diseases are present.

4.2. Nuclear fragmentation methods (non-phacoemulsification and
phacoemulsification)

Research by Pershing S et al.43 indicated that the postoperative
reduction in corneal endothelial cells is less in the small-incision
extracapsular cataract extraction (SICS) group compared to the phaco-
emulsification group. Similarly, Singh R et al.14 found that corneal
endothelial cell loss is significantly greater with phacoemulsification (12
� 8.2%) compared to manual small-incision cataract surgery (MSICS)
(7.1 � 5.2%), a difference that is statistically significant. During phaco-
emulsification, the ultrasound energy and duration inevitably cause
damage to the corneal endothelium.

In contrast, non-phacoemulsification techniques maintain good
anterior chamber stability and are not affected by heat, ultrasonic radi-
ation, or vibrations. Additionally, the use of viscoelastic substances
during the delivery of the lens nucleus can prevent direct contact with the
inner corneal surface, thereby reducing mechanical damage to the
corneal endothelial cells.

4.3. Types of adhesives

Research by Modi S et al.44 indicated that patients using DisCoVisc
viscoelastic agent had a lower corneal endothelial cell loss rate three
months postoperatively compared to those using sodium hyaluronate
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viscoelastic agent. This suggests that DisCoVisc provides better protec-
tion for corneal endothelial cells. DisCoVisc is a new viscous-dispersive
viscoelastic agent composed primarily of 1.6% sodium hyaluronate and
4% chondroitin sulfate. As the first viscous-dispersive viscoelastic agent,
it has stronger adhesiveness, lower surface tension, greater adhesion and
retention capabilities, and a superior ability to scavenge free radicals
compared to pure sodium hyaluronate viscoelastic agents. These prop-
erties contribute to better protection of corneal endothelial cells.
4.4. Ultrasound emulsification needle angled downward

Research by Joo C et al.45 showed that the Phaco drill phacoemulsi-
fication tip, which does not directly face the corneal endothelial cells,
and its higher phacoemulsification efficiency, contribute to reduced
phacoemulsification time and required energy, thereby minimizing
damage to the corneal endothelial cells. However, for inexperienced
beginners, the Phaco drill can pose a challenge due to the downward
orientation of the tip, making it difficult to accurately judge the phaco-
emulsification location and increasing the risk of posterior capsule
rupture. It requires repeated practice to master the technique.

Moreover, Mizuguchi T et al.46 found that triamcinolone can assist in
visualizing the posterior surface of the lens. When used in the appropriate
dosage and with the excess drug aspirated, it does not significantly affect
corneal endothelial cells.
4.5. Ultrasound emulsification energy and ultrasonic time

It is widely accepted that higher phacoemulsification energy and
longer ultrasound time result in greater damage to corneal endothelial
cells. Research by Martínez M et al.47 demonstrated that higher energy
mainly causes damage to adjacent ocular tissues through thermal effects,
leading to decreased corneal endothelial function, incision burns and
edema, and increased vascular permeability in the iris tissue, all of which
contribute to poor postoperative visual recovery. However, excessively
reducing energy can prolong the phacoemulsification time, which may
be counterproductive. Therefore, selecting the appropriate energy level
during surgery is crucial. The specific method to accurately determine
the suitable phacoemulsification energy based on each patient's lens
hardness or other systemic conditions has not yet been standardized and
requires further investigation.

Current studies48 have found that cold phacoemulsification, or
intermittent emulsification, can reduce energy consumption and effec-
tively prevent temperature-induced corneal endothelial damage, thereby
improving surgical quality. Yang WJ et al.49 found that the torsional
burst mode in phacoemulsification can reduce the average ultrasound
time and total ultrasound energy, minimizing endothelial cell damage.
Gigliola S et al.50 proposed a technique involving a 45-degree inclined
single-hand rotational phacoemulsification (where the operator uses
lower ultrasound energy, maintains a 45-degree inclination of the tip
towards the center of the lens, keeps the phacoemulsification tip at the
lens edge, and ensures nucleus rotation), which can reduce effective ul-
trasound time and energy.
4.6. Active fluid flow control system or gravity fluid flow control system

Research by Nicoli C et al.51 demonstrated that an active fluidics
control system can effectively prevent surges following phacoemulsifi-
cation tip occlusions, resulting in more stable anterior chamber pressure.
We hypothesize that in such cases, there is less intraoperative loss of
corneal endothelial cells. Liu Y et al.52 also validated through Yang that
the Centurion active fluidics control system causes less damage to corneal
endothelial cells, making it particularly suitable for patients who already
have a low number of endothelial cells.
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4.7. Femtosecond laser-assisted

With technological advancements, femtosecond laser technology has
been applied in cataract surgery. Research by Roberts H53 showed that
three months postoperatively, the corneal endothelial cell count in the
femtosecond laser-assisted group was superior to that in the
non-femtosecond laser group. Femtosecond laser-assisted cataract sur-
gery can significantly reduce the effective ultrasound time, overall sur-
gery time, and average ultrasound energy required for patients with hard
nuclei. The precision and accuracy of femtosecond laser in creating
corneal incisions, capsulotomies, and lens fragmentation surpass tradi-
tional manual techniques.

However, recent international studies, such as those by Dzhaber D
et al.54 and Narayan A et al.,55 have generally found no significant dif-
ferences between femtosecond laser-assisted phacoemulsification and
conventional phacoemulsification. An early study by Abell RG et al.56

indicated that endothelial cell loss was reduced by 36.1% in the femto-
second laser-assisted group.

To account for population differences and the impact of varying
surgical techniques, the discrepancies between domestic and interna-
tional research results suggest that future clinical studies should focus on
controlling variables more rigorously. It is essential to select populations
treated by a single surgeon or by surgeons with similar techniques and to
engage in multicenter collaborations to increase sample size and di-
versity. This approach will enhance the reliability and evidence level of
the data.

5. Drugs and irrigation solutions

5.1. Drugs

Postoperative use of corticosteroid eye drops can activate the
remaining endothelial cells, protect corneal endothelial cell function, and
improve inflammation and edema, especially in patients with Fuchs'
endothelial dystrophy who already have a low number of endothelial
cells.57 Research by Sali F et al.58 indicated that postoperative anterior
chamber injection of triamcinolone causes less damage to corneal
endothelial cells compared to subconjunctival injection of
dexamethasone.

Wen Y et al.59 found that postoperative use of sodium hyaluronate eye
drops combined with recombinant human epidermal growth factor eye
drops effectively reduces inflammation and repairs corneal cells. Patients
using the combination therapy had higher postoperative corneal endo-
thelial cell counts than those using only sodium hyaluronate eye drops.

Research by Fujimoto H et al.60 demonstrated that glaucoma patients
using Rho kinase inhibitor eye drops postoperatively to lower intraocular
pressure can promote the migration of relatively healthy corneal endo-
thelial cells to repair damaged areas, helping to maintain corneal endo-
thelial function in patients with low endothelial cell density who undergo
cataract surgery.

Antibiotics such as norfloxacin and moxifloxacin hydrochloride are
commonly used ocular antibiotics. They can cause ocular damage and
may have a time- and dose-dependent cytotoxic effect on human corneal
endothelial cells, leading to corneal damage. Therefore, it is necessary to
choose the appropriate dosage and duration of antibiotic use to achieve
therapeutic efficacy while minimizing damage to corneal endothelial
cells.61,62

Some studies have also found that preoperative mannitolization can
effectively reduce postoperative corneal endothelial cell loss.63

5.2. Irrigation solutions

The corneal endothelial fluid pump acts as a barrier, protecting
corneal endothelial cells and maintaining their transparency.64 During
intraocular surgery, the choice of irrigating solution plays a crucial role.
Selecting an appropriate irrigating solution can effectively reduce
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corneal endothelial cell loss.65 The solution should closely mimic the
composition of aqueous humor, be stable, and possess antioxidant
properties.66 Currently, three commonly used intraocular irrigating so-
lutions are Lactated Ringer's solution, Balanced Salt Solution (BSS), and
Balanced Salt Solution Plus (BSS Plus).66 Among these, Lactated Ringer's
solution has been shown to result in less endothelial cell loss after
phacoemulsification than BSS, comparable to BSS Plus.

Additionally, research simulating the irrigation process during
phacoemulsification found that BSS at 4 �C provides better protection
against thermal damage to corneal endothelial cells compared to room
temperature BSS, indicating that temperature is a significant factor
influencing the impact of the irrigating solution on corneal cells.67

Furthermore, the extent of corneal damage during phacoemulsification
depends on several factors, including the pH, osmolality, composition of
the irrigating solution, duration of the procedure, volume of irrigation,
intraocular maneuvers, turbulence of the fluid and lens fragments, and
the production of free radicals.68

An important finding is that using BSS as a solvent to prepare 0.025%
povidone-iodine or 0.0025% polyvinyl alcohol-iodine for ocular surface
irrigation can minimize anterior chamber bacterial contamination,
significantly preventing corneal endothelial cell loss due to anterior
chamber contamination.69 In conclusion, choosing the appropriate irri-
gating solution based on the individual patient's ocular condition can
effectively protect corneal endothelial cells.

6. Reducing corneal endothelial cell loss

In the above paragraphs, we discussed several factors that may lead to
a reduction in corneal endothelial cells after phacoemulsification,
analyzing them from the perspectives of the patient's overall health,
ocular condition, surgical techniques, and medication use. For diabetic
and elderly patients, phacoemulsification poses a significantly higher risk
to corneal endothelial cells compared to the general population, making
blood sugar control crucial. However, there are still no effective methods
to mitigate age-related factors, highlighting the necessity of research
focused on protecting the corneal endothelial cells in elderly individuals.

For patients with pre-existing ocular diseases such as glaucoma and
high myopia, the tolerance of corneal cells is diminished. Therefore,
actively managing and preventing these conditions is also essential. Some
diseases, aside from those mentioned, inherently lead to a reduction in
corneal endothelial cells, such as hypertension, inflammation, renal
failure, Fuchs' endothelial dystrophy, and trauma. Actively controlling
these primary diseases is equally important.

Regarding surgical procedures, choosing appropriate incision size
and location, nucleofractis technique, type of viscoelastic agent, phaco-
emulsification needle insertion method, and managing time and energy
can effectively minimize unnecessary intraoperative corneal endothelial
cell loss, thereby improving patient outcomes and quality of life. Addi-
tionally, certain ocular medications can protect corneal endothelial cells,
such as corticosteroids, sodium hyaluronate, Rho kinase inhibitor eye
drops, and preoperative mannitolization, which can reduce endothelial
cell loss within certain limits. However, it is important to note that
excessive use of antibiotics can adversely affect corneal endothelial cells,
necessitating careful adjustment of usage and dosage based on patient
needs.

Furthermore, selecting an appropriate intraocular irrigating solution
based on the individual patient's condition is equally important for
minimizing corneal endothelial cell loss.

7. Current technologies and outlook

Regarding the treatment of various types of cataracts, the efficacy of
medications remains uncertain, and surgery continues to be the primary
treatment method. The main surgical procedures include phacoemulsi-
fication cataract extraction, small-incision cataract surgery, and femto-
second laser-assisted cataract surgery.70 Cataract surgery is constantly
199
evolving, with innovative approaches such as the femtosecond laser
anterior lamellar protection method currently under investigation.
Additionally, there are proposals to use hydrogen-enriched irrigation
solutions to reduce oxidative stress and thereby protect corneal endo-
thelial cells.

The potential for corneal endothelial cell regeneration remains a
controversial issue. However, various approaches based on the possibil-
ity of regeneration, including surgical techniques, medications, gene
therapy, and cell therapy to promote regeneration, have shown some
promising progress. Methods utilizing cultured human corneal endo-
thelial cells are also undergoing clinical trials. Many clinical trials aimed
at promoting corneal endothelial cell regeneration will require extensive
research to overcome existing challenges and validate their effectiveness
through more case studies.
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