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Objective: This study aimed to discuss the effect of phacoemulsification and intraocular

lens implantation (PHACO + IOL) combined with trabeculectomy (TRAB) on cataracts

and its influence on the corneal endothelium.

Methods: We selected 120 cataract patients admitted to our hospital from January

2018 to January 2021. According to different surgical methods, they were divided into

the control group and the observation group. The observation group was treated with

PHACO + IOL combined with TRAB, the control group only received PHACO. The

clinical effect, ophthalmic-related parameters, corneal endothelium, complications, the

satisfaction of the two groups were observed.

Results: The total effective rate and total satisfaction rate of the observation group were

significantly higher than the control group (P < 0.05). One month after the operation, the

vision and central anterior chamber depth of the observation group were higher than

those of the control group, and intraocular pressure (IOP) was lower than that of the

control group (P < 0.05). One month after the operation, the corneal endothelial cell

area and cell density in the observation group were not significantly different from those

before operation (P > 0.05). There was no significant difference in the total incidence of

complications between the two groups (P > 0.05).

Conclusion: This study concluded that PHACO+ IOL combined with TRAB has a good

curative effect in the treatment of cataracts, which can improve the patients’ vision and

IOP, keep the functional integrity of corneal endothelial cells, and does not increase the

occurrence of complications, the patients’ satisfaction is high.

Keywords: cataract, phacoemulsification, intraocular lens implantation, trabeculectomy, corneal endothelium

INTRODUCTION

A cataract is the first kind of blinding eye disease in China and even in the whole world. Usually,
the metabolic disorder of the patient’s eye lens leads to degeneration of lens protein, which leads
to intraocular lens opacity (1). Cataracts mostly occur in middle-aged and elderly people over 50
years old, which can be caused by age, decreased immunity, radiation, drugs, poisoning, and other
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factors. However, there are cases of cataracts at birth, and
congenital cataracts are mostly influenced by genetic factors,
which may be closely related to maternal nutrition deficiency,
metabolic disorder, bacterial virus infection during pregnancy, a
large amount of harmful radiation, and other factors (2, 3). The
main symptoms of cataracts are decreased vision, a spot-shaped
fixed shadow in the visual field, one eye diplopia or polyopia,
refractive changes, visual distortion, and finally color vision
changes, resulting in blindness, these symptoms seriously affect
the daily life of patients (4). According to reports, the incidence
of cataracts is 60–70% during the period of 50–60 years old, and
the incidence of cataracts over 70 years old can reach 80%. At
the same time, it is estimated that cataract is the main cause
of vision decline, accounting for about 54.20%, and blindness
accounts for 17.8%. This disease has become the leading cause
of blindness and visual disability in the world (5). With the
development of cataract, the patient’s lens enters the expansion
period, its volume increases, and its anterior-posterior diameter
becomes thicker, which increases the contact area between lens
and iris, leading to the increase of the resistance of the posterior
chamber aqueous drainage to the anterior chamber, resulting in
the pupillary block. When the pressure of the posterior chamber
cannot overcome the pupillary block, the peripheral iris swells
obviously, leading to the stenosis of the anterior chamber angle
and even the occlusion of the anterior chamber angle, which
leads to glaucoma (6, 7). Therefore, effective treatment of cataract
patients is needed in time.

At present, for cataract patients, the therapeutic effect of drugs
is not obvious, so the operation has become the main treatment
of cataracts. Phacoemulsification intraocular lens implantation
(PHACO + IOL) and trabeculectomy (TRAB) are effective
methods to treat cataracts, but the single treatment method is
difficult to achieve the desired goal (8). In recent years, the choice
of surgical scheme for cataract patients is still controversial. With
the continuous improvement of medical equipment and medical
technology, one-time combined operation is more and more
accepted by ophthalmologists. In this study, 120 patients with
cataracts were selected as the observation object, O + IOL +

TRAB treatment was performed, and the clinical efficacy of this
operation for cataracts was discussed. The specific report was
as follows.

MATERIALS AND METHODS

Research Object
We selected 120 cataract patients admitted to our hospital from
January 2018 to January 2021. According to different surgical
methods, they were divided into the control group (58 cases, 81
eyes) and the observation group (62 cases, 85 eyes). There were
31 men and 27 women in the control group, with an average
age of (59.34 ± 4.88) years. The average disease duration was
(5.2 ± 0.6) months. Emery nuclear hardness classification: 26
eyes were grade I, 29 eyes were grade II, and 26 eyes were
grade III. There were 32 men and 30 women in the observation
group, with an average age of (59.6 ± 4.71) years. The average
disease duration was (5.1± 0.7) months. Emery nuclear hardness
classification: 27 eyes were grade I, 30 eyes were grade II, and

28 eyes were grade III. General data of the two groups were
balanced and comparable (P > 0.05). Inclusion criteria include
consistent with the diagnosis of cataract, lens opacity can be
seen in pupil area, including vacuoles, water cracks, lamellar
separation, wheel-width opacity, wedge-shaped opacity, nuclear
opacity, and posterior capsular opacity, etc. Exclusion criteria
include combined with other eye diseases, high myopia, having
a history of an eye operation, complicated with serious organic
diseases, and there was eye trauma recently.

Research Methods
Preoperative Treatment

Different intraocular pressure-lowering measures were taken
according to the intraocular pressure of the patients when they
were admitted to the hospital. The routine treatment was as
follows: The two groups were given pilocarpine eye drops, a
mydriatic agent, 10 min/time, 3–5 times in a row. Timolol
maleate eye drops and tobramycin dexamethasone eye drops
were used to control intraocular pressure (IOP) in affected
eyes once.

Operation Technique

The observation group was treated with PHACO + IOL
combined with TRAB. First of all, Eye surface anesthesia was
carried out. PHACO + IOL: A conjunctival flap based on the
dome was made above the limbal of the cornea, and a scleral
flap with a thickness of 4 × 3mm and a thickness of 1/2 of the
sclera was made after the sclera was burned to stop bleeding.
The flap was divided into transparent corneas of 1mm, and a
continuous annular capsulorhexis with a diameter of 5–6mm
was cut in the middle of the anterior capsule of the lens with
a capsulorhexis tool. Water was separated and stratified, then,
the hard lens nucleus was crushed into a chylous shape by
Universal II phacoemulsification machine (Alcon, USA), and
then sucked out. The free cortex was sucked out, then the cortex
adhered to the capsule was removed. Afterward, the capsule
was polished and a viscoelastic agent was inserted. The annular
capsulorhexis was enlarged and the IOL was inserted into the
capsule and adjusted to the appropriate position. Then TRAB
was performed: 1mm × 3mm trabecula and the surrounding
1/3 iris were removed, the scleral flap was sutured intermittently
with 10-0 nylon thread, viscoelastic agent in the anterior chamber
was sucked out, the anterior chamber was formed, and filtration
was checked at the same time; the conjunctiva and fascia were
reduced and sutured continuously with 10-0 nylon thread.
The control group only received PHACO operation, and the
operation method was the same as the observation group.

Postoperative Treatment

Indomethacin was given orally, 25 mg/time, 3 times/day;
acetazolamide was given orally, 250 mg/time, 2 times/day;
tobramycin dexamethasone eye drops and pilocarpine eye drops
were given, 1 time/day, and the medication lasted for 5–7 days.

Observation Index
(1) The curative effect was determined 1 month after the
operation. The criterion of curative effect: Markedly effective:
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the lesion disappeared, without discomfort in the eyes; Effective:
the symptoms improved, and the patient felt that the symptoms
improved; Invalid: the disease has not improved, and even
worsened. Total effective rate = markedly effective rate +

effective rate.
(2) Before and 1 month after the operation, the vision was

measured by comprehensive refractometer, IOPwasmeasured by
non-contact tonometer, and ophthalmic related parameters such
as central anterior chamber depth (cACD), lens thickness (LT),
and axial length (AL) weremeasured by A-mode ultrasound, each
eye was tested 10 times and the average value was taken.

(3) Before and 1 month after the operation, at the workstation
equipped with image processing, the images of the central living
area of corneal endothelial cells of patients were obtained by
using a non-contact corneal endothelial cell microscope, and the
corneal endothelial cell area (ECA) and corneal endothelial cell
density (CD) were measured.

(4) The complications such as the shallow anterior chamber,
anterior chamber hemorrhage, cellulose exudation of iris,
corneal edema, corneal endothelial fold, and anterior chamber
inflammation were recorded after the operation.

(5) The satisfaction questionnaire prepared by the
undergraduate department was used to evaluate patients’
satisfaction from the aspects of visual condition, clarity, comfort,
stability, and other indicators. The Likert 5 method was used
to score, and the score of very satisfaction was 90–100 points,
satisfaction was 70–89 points, and dissatisfaction was < 70
points. Total satisfaction = very satisfaction rate + satisfaction
rate. The self-made questionnaire in our hospital had good
reliability, with a reliability of .81.

Statistical Methods
For data processing, SPSS 22 software, Armonk, NY; IBM
Corporation was used, and the enumeration data were expressed
as rate (%), χ2 test was used for comparison. Measurement data
were expressed as (x̄ ± s), t-test was used for comparison. P <

0.05 indicated that the difference was statistically significant.

RESULTS

Clinical Effect of Two Groups
The total effective rate of the observation group was 98.82%,
which was significantly higher than that of the control group
(87.65%) (P < 0.05) (Table 1).

Ophthalmic Related Parameters of Two
Groups
One month after the operation, the vision, IOP, cACD, and LT
of the two groups were significantly different from those before
operation (P < 0.05). One month after the operation, the vision
and cACD of the observation group were higher than those of the
control group, and IOP was lower than that of the control group
(P < 0.05) (Figure 1).

Corneal Endothelium of Two Groups
One month after the operation, the ECA and CD in the
observation group were not significantly different from those

before the operation (P > 0.05). ECA in the observation group
was lower than the control group, the CD was higher than the
control group (P < 0.05) (Figure 2).

Complications of Two Groups
There was no significant difference in the total incidence of
complications between the two groups (P > 0.05) (Table 2).

The Satisfaction Rate of Two Groups
The total satisfaction rate of the observation group was 88.24%,
which was significantly higher than that of the control group
(75.31%) (P < 0.05) (Table 3).

DISCUSSION

With the aging of the population, the number of cases of visual
impairment caused by cataracts is increasing. Cataract leads to
the closure of the angle of the chamber, the thickness of the lens
increases in the elderly, and the relaxation of the suspensory
ligament leads to the relative forward movement of the lens
(9, 10). How to treat these patients effectively has become one of
the key problems to be solved urgently in clinical ophthalmology.
In recent years, cataract operation has made rapid development,
and different surgical methods have different therapeutic effects,
which significantly improves the recovery rate of patients.

Phacoemulsification (PHACO) is a surgical method for
cataract treatment by using phacoemulsification instruments.
The therapeutic principle of this technology is to establish
surgical access in the incision of cornea or sclera through the
phacoemulsification handle, then form a capsulorhexis, and use
the ultrasonic needle to generate certain energy in the eyes,
so as to crush the hard lens into chylous shape, and then
suck out the crushed lens and free cortex with the help of
perfusion suction system (11, 12). This operation can deepen
the anterior chamber, enlarge the angle of the chamber, improve
the pupillary block caused by the lens, and solve the anatomical
factors such as lens thickening, relative forward movement of the
lens position, closure of the remaining angle of the chamber in
cataract patients, thus rapidly reducing the IOP of the patients
(13). During the implementation of PHACO, ultrasound itself
can cause the secretion function of the ciliary body to decline,
and the placement of viscoelastic agent forms a passive separation
effect on the corner adhesion. At the same time, it has the
advantages of good sealing of surgical incision, short time, light
postoperative reaction, quick recovery of vision, etc., which has
received extensive attention from clinicians (14–16). However,
giving cataract patients a single surgical procedure may not
meet their ideal needs. The implementation of PHACO cannot
change the structure of the highly pleated iris, cannot effectively
solve the iris bulge, and the iris still adheres to the ciliary body.
Moreover, the application of PHACO preoperative intraocular
hypertension drugs will lead to the destruction of the ocular
trabecular structure of patients, resulting in the continuous
increase of IOP and the impaired function of corneal endothelial
cells and other adverse changes. Finally, cataract patients may
need a second operation, which not only increases the iatrogenic
injury of patients but also increases the medical expenses (17).
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TABLE 1 | Clinical effect of two groups (n, %).

Group Eye number Markedly effective rate Effective rate Invalid rate Total effective rate

Control group (n = 58) 81 51 (62.96%) 20 (24.69%) 10 (12.35%) 71 (87.65%)

Observation group (n = 62) 85 59 (69.41%) 25 (29.41%) 1 (1.18%) 84 (98.82%)

χ
2 value 8.362

P value 0.004

FIGURE 1 | Ophthalmic-related parameters of two groups. (A) Vision; (B) IOP; (C) cACD; (D) LT; and (E) AL. Compared with before operation, *P < 0.05; Compared

with the control group, #P < 0.05.
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FIGURE 2 | Corneal endothelium of two groups. (A) ECA and (B) CD. Compared with before operation, *P < 0.05; Compared with the control group, #P < 0.05.

TABLE 2 | Complications in two groups (n, %).

Group Eye number Shallow

anterior

chamber

Anterior

chamber

hemorrhage

Cellulose

exudation of

iris

Corneal

edema

Other Total

incidence

rate

Control group (n = 58) 81 2 (2.47%) 1 (1.23%) 2 (2.47%) 2 (2.47%) 2 (2.47%) 9 (11.11%)

Observation group (n = 62) 85 2 (2.35%) 0 (0.00%) 1 (1.18%) 1 (1.18%) 0 (0.00%) 4 (4.71%)

χ
2 value 2.357

P value 0.125

In recent years, PHACO + IOL combined with TRAB has
become the focus of clinical ophthalmology. PHACO + IOL is a
surgical method of implanting an intraocular lens with thickness
< 1.0mm in the capsular bag to replace the human lens with
a thickness of about 5.0mm. After the operation, the anterior
chamber volume can be improved, the cACD can be significantly
deepened, and the contact plane between pupil margin and lens
can be moved backward, thus reducing pupil block, widening
the angle of the chamber, and reducing the outflow resistance of
aqueous humor, resulting in effective control of vision and IOP
compared with before operation (18). TRAB was first established
by Cairns’s team. It is to re-establish an extra-ocular drainage
channel of aqueous humor at the corneal limbus, so that part
of aqueous humor in the trabecular meshwork can be drained
out of the filtering bleb, which has a positive effect on lowering
IOP (19). In the operation of PHACO + IOL combined with
TRAB, the operator directly removes the sinus trabecular tissue
and the surrounding iris tissue after implantation of intraocular
lens, and in the process of cataract extraction, with the help
of the operation of the ultrasonic emulsifying machine, the
trabecular meshwork deposits can be removed, and the filtering
effect of trabecular meshwork can be improved. The application
of viscoelastic agent can compress iris blood vessels, reduce
the pressure of the anterior chamber, improve the structure of
the anterior chamber, adjust the lens position, further relieve
pupillary block, maintain the stability of the anterior chamber,
andmake the IOP after operation return to normal and effectively
improve (20, 21). PHACO+IOL combined with TRAB has many

advantages when applied to cataract patients. ① The operation
can be completed at one time, which avoids eye trauma caused by
multiple operations and reduces the chance of tissue bleeding; ②
It can shorten the treatment period, relieve the pain of patients
and save the cost of operation; ③ Compared with the single
operation, the combined operation can improve the operation
quality, and achieve the better long-term effect of intraocular
pressure control. It can relieve many glaucoma factors at one
time (22, 23). In this study, the vision, IOP, cACD, and LT of
patients in PHACO+ IOL combined with the TRAB group were
significantly better than those before the operation, and the total
effective rate, vision, IOP, and cACD were significantly better
than those in a single operation, and the patients had higher
satisfaction. This is roughly consistent with the research results
of Wang’s team (24).

The corneal transparency of patients has an important impact
on the recovery of vision in cataract patients after operation, and
the structural and functional integrity of corneal endothelial cells
is themain condition to ensure corneal transparency. Choi’s team
reported that corneal endothelial cells can only be repaired by
normal cell expansion after injury, but when CD < 1,000 cells
/mm2, the damage rate of corneal endothelial cells will exceed
its function compensation rate, resulting in corneal endothelial
cells being unable tomaintain normal function (25). Our research
results have shown that the ECA of the observation group was
lower than that of the control group, and the CD was higher than
that of the control group, which revealed that cataract patients
who only implement PHACO have more serious damage to
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TABLE 3 | The satisfaction rate of two groups (n, %).

Group Eye number Very satisfactory rate Satisfaction rate Dissatisfaction rate Total satisfaction rate

Control group (n = 58) 81 40 (49.38%) 21 (25.93%) 20 (24.69%) 61 (75.31%)

Observation group (n =62) 85 46 (54.12%) 29 (34.12%) 10 (11.76%) 75 (88.24%)

χ
2 value 4.681

P value 0.031

corneal endothelial cells, and PHACO itself can cause damage to
corneal endothelial cells. The degree of damage is influenced by
factors such as ultrasonic energy and time, lens nucleus hardness,
operator’s operation proficiency, and so on, and may be related
to the duration of high intraocular pressure. At the same time,
we observed that there was no significant difference in ECA
and CD in the observation group after operation compared with
that before operation. The scheme of the PHA + IOL + TRAB
combined operation is quite perfect. By suctioning out the cloudy
lens, implanting intraocular lens, cutting out the trabecular sinus
tissue, and other operations, the vision and IOP of patients can
be improved, and the corneal endothelial cells of patients are
less damaged, and the functional integrity of corneal endothelial
cells can be effectively maintained. In addition, in this study, the
incidence of complications of the combined operation scheme
is not high, only 4.71%, and there was no corneal endothelial
fold and anterior chamber inflammation, which had good safety.
TRAB drainage of aqueous humor from the anterior chamber to
subconjunctival space and covering the drainage opening with
scleral lamina can limit the excessive outflow of aqueous humor
and reduce complications such as shallow anterior chamber and
hyphema after the operation. One-time PHACO+ IOL+ TRAB
operation can avoid transient ocular hypertension caused by the
staged operation, prevent optic nerve damage caused by multiple
intraocular operations and reduce complications.

CONCLUSION

From the above results, it can be seen that PHACO +

IOL combined with TRAB has a good curative effect in the
treatment of cataracts, which can improve the patients’ vision

and IOP, keep the functional integrity of corneal endothelial
cells, and does not increase the occurrence of complications,

the patients’ satisfaction is high. The success of the operation
depends on many factors, such as the damage degree of the
trabecular meshwork, the extent, and duration of angle-closure,
etc. Generally speaking, the shorter the closure time of atrial
Angle adhesion, the better the prognosis of operation. Therefore,
the selection of surgical timing is also very important, and the
appropriate surgical timing is conducive to improving the success
rate of operation.
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