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Purpose of review

Cataract surgery combined with glaucoma surgery

b

This review evaluates the surgical management of glaucoma in patients undergoing cataract surgery.
Combining both procedures present challenges in balancing intraocular pressure (IOP) control, minimizing
postoperative complications, and achieving optimal refractive outcomes.

Recent findings

Recent studies highlight the effectiveness of combined glaucoma and cataract surgeries, with traditional
filtering surgeries and MIGS showing significant IOP reduction. The abundance of long-term studies shows
that MIGS can offer an effective and safer alternative when carefully tailored to meet the specific needs of

each patient.

Summary

Combining glaucoma and cataract surgery is a promising approach for patients with coexisting conditions.
While traditional surgeries offer robust IOP reduction, MIGS procedures offer better safety profiles with
fewer complications and more predictable refractive results. Surgeons must carefully consider the timing
and choice of procedures, with further research required to develop standardized treatment algorithms.
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Glaucoma remains one of the leading causes of
blindness and a significant treatment burden world-
wide [1]. Performing cataract surgery in glaucoma
patients presents a challenging scenario due to the
complexity of managing intraocular pressure (IOP),
while balancing safety and optimizing visual out-
comes.

Phacoemulsification with intraocular lens (IOL)
implantation significantly lowers 10P, with more
pronounced reductions in eyes with higher preop-
erative IOP. This suggests that the aging crystalline
lens is crucial in ocular hypertension and open-
angle glaucoma [2,3]. While this reduction may
be sufficient in early-stage cases, combining glau-
coma procedures with cataract surgery can enhance
the effect [4].

Traditional filtering surgeries, such as trabecu-
lectomy, are still considered the gold standard in
glaucoma management and are often performed in
combination with cataract surgery. Although highly
effective at reducing IOP, they require intensive
postoperative follow-up and are associated with
potential complications like hypotony, blebitis,
and bleb-related interventions [5].

When combined with lens removal, the emer-
gence of minimally invasive glaucoma surgeries
(MIGS) offers the potential to reduce further IOP
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and the need for ocular hypotensive medications
(OHMs). MIGS aims to provide a safer alternative
with minimal surgical recovery time. Various MIGS
techniques and devices are available, including
angle surgeries via trabecular or suprachoroidal
approaches, bleb-forming implants, and ciliary
body treatments. Although the evidence supporting
MIGS is growing, the procedures are still evolving,
and long-term randomized controlled studies are
limited [6,7].

This review summarizes the evidence on glau-
coma surgeries combined with cataract surgery.

The literature review was refined to include studies
combining glaucoma and cataract surgeries, with
publications on standalone surgeries mentioned
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KEY POINTS

o Combining cataract and glaucoma surgery is a well
tolerated and effective approach for managing both
conditions simultaneously.

o MIGS procedures offer safer, more predictable
refractive results than traditional filtering surgeries.

o Further studies are needed to establish standardized
guidelines for combined procedures.

briefly when relevant. Given the lack of randomized
controlled trials (RCTs) for MIGS, preference was
given to multicentric, recent, and long-term studies
when available. Although the list of procedures and
devices reviewed is not exhaustive, it broadly rep-
resents the range of available surgical options.

Trabeculectomy has evolved over the years. This
procedure remains highly caractogenic on phakic
patients. Also, long-term glaucoma patients appear
to develop cataracts earlier and more frequently,
which leads to a problem of decisions to address
both diseases [8].

Combining trabeculectomy with cataract extrac-
tion has been widely performed. The understanding
was that trabeculectomy alone is more effective than
a combined procedure [9,10]. Most of the evidence
relied on publications that did not perform trabecu-
lectomy with MMC but either 5-FU or no antimeta-
bolites. More recent studies tend not to follow the
same trend, with no significant difference in post-
operative 1OP control between phaco-trabeculec-
tomy and trabeculectomy, while the complication
rate was significantly lower with the combined pro-
cedure [11-13].

There is yet to be a clear consensus on whether
cataract surgery and trabeculectomy should be per-
formed as a combined procedure, sequentially, or on
the ideal order if done sequentially [11,14]. How-
ever, performing cataract surgery early after trabe-
culectomy has been reported to induce bleb failure
in 10-35% of cases [4,15].

Minimally invasive bleb surgeries (MIBS) have been
developed as bleb-forming, safer alternative to tradi-
tional filtering surgeries that drain the aqueous
humor from the anterior chamber to the subcon-
junctival space for open-angle glaucoma. Two
widely available devices on the market are the
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XEN Gel Stent (XEN) (Allergan, Irvine, USA), made
from porcine gelatin, and the PreserFlo MicroShunt
(PMS) (Santen, Japan), made from a synthetic poly-
mer. Both procedures can be performed as stand-
alone surgeries or in combination with cataract
surgery [16].

The prospective study by Mansouri et al. [17"]
compared standalone XEN 45 gel stent implantation
to combined phacoemulsification and XEN (Phaco +
XEN) in 170 eyes over 5 years. There was no signifi-
cant difference in the outcomes between the two
groups. In the standalone XEN group, mean IOP
was reduced from 19.6+7.1 to 12.5+ 3.1 mmHg at
Syears (P <0.01) vs. the Phaco + XEN group, mean
IOP reduced from 19.8+7.0 to 12.6 £3.1 mmHg at
Syears (P <0.01). Both groups experienced a reduc-
tion in 10OP-lowering medications from 2.0+ 1.3 to
0.8+1.1 (P<0.01), with no significant difference
between the two groups in IOP reduction or medi-
cation reduction throughout the S-year follow-up
(P>0.05). The study found that needling was
required in 49% of all eyes (84 out of 170), with no
significant difference between the standalone XEN
and Phaco + XEN groups. Compared to the literature,
the study’s needling rate falls within the reported
range of 30-50%, consistent with other studies.

Similarly, in a retrospective real-life study by Jacob
etal. [18] (eye), 259 consecutive surgeries (187 XEN vs.
72 XEN + Phaco) were analyzed. No statistical differ-
ences were found in postoperative IOP reduction,
OHMs, adverse events, and complications [18].

Martinez-de-la-Casa et al. [19] compared the Pre-
serflo MicroShunt (PMS) alone vs. PMS combined with
cataract surgery (PMS + Phaco) in 58 eyes with open-
angle glaucoma, finding superior success rates for the
combined procedure (80 vs. 60%) after 12months,
with both groups showing significant IOP reduction
(from 21.5 to 14.6 mmHg) and a decrease in medica-
tions (P < 0.0001). A 5-year study of 23 patients with
PMS, including combined procedures, showed a
46.7% 1OP reduction (from 23.8 to 12.4 mmHg) and
61.1% medication-free rate and similar outcomes
between standalone and combined procedures, with
no sight-threatening adverse events [20].

In comparative studies, the rate of needling was
lower for the PRESERFLO MicroShunt compared to
the Xen Gel Stent, which may be attributed to the
difference in composition and its precise placement
as an ab-externo procedure, reducing fibrosis at the
stent’s tip. However, longer-term studies are still
needed to fully assess these outcomes [21].

Angle-based procedures target the conventional
outflow pathway by enhancing aqueous humor
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drainage through the trabecular meshwork and
Schlemm’s canal. These procedures are designed
to lower IOP with minimal tissue disruption com-
pared to traditional filtering surgeries.

The trabecular bypass iStent (Glaukos Corp.,
Laguna Hills, California, USA) is a titanium device
designed to bypass the diseased trabecular meshwork.
The size and number of devices implanted in recent
years have evolved with each new iteration.

The various iterations of the iStent are among the
most studied devices, with long-term follow-ups
extending up to 7years [22]. The iStent Inject
Study Group published a randomized controlled
multicenter study on 505 eyes, comparing combined
iStent (second generation) and cataract surgery vs.
standalone cataract surgery. The combined group
showed a more significant reduction in IOP and
OHMs at 2years, with 75.8% of eyes achieving a
more than 20% medication-free diurnal IOP reduc-
tion (—7.0+£0.3mmHg), compared to 61.9% (—5.4
+0.3mmHg) in the standalone group (P=0.005),
and a mean decrease in OHMs of 1.2+1.0 in the
combined group vs. 0.8 + 1.0 in the standalone group
(P<0.001). Across all eyes, the 24-month IOP ranged
from 15.5 to 17.2 mmHg for the combined group and
15.9-17.8 mmHg for the standalone group.

No significant differences in postoperative
adverse events were reported, with no cases of hypot-
ony, hypotony-related complications, or hyphema.

The Hydrus Microstent (Ivantis, Inc., Irvine,
California, USA) is a longer, curved scaffold made
of a nickel-titanium alloy, designed to be placed in
the angle. Once in place, it dilates the collapsed
Schlemm’s canal to improve IOP drainage.

The multicentric RCT HORIZON trial compared
cataract surgery combined with the Hydrus micro-
stent to standalone cataract surgery with 5 years fol-
low-up [23]. The combined group with a baseline
unmedicated IOP of 25.5 +-0mmHg had more I0P
reduction (—8.3 + —3.8 mmHg) in comparison to the
control group which (—6.5 +—4.0mmHg) from pre-
operative baseline of 25.4 + —-2.9mmHg (P < 0.001)
with a significantly higher percentage of eyes with an
IOP of 18 mmHg or less for the combined group (49.5
vs. 33.8%; P=0.003) at Syears. Similarly, the com-
bined group had a lower mean OHMS of 0.5+ —0.9
than the control group, 0.9+ —0.9 (P <0.001), which
led to lower additional surgeries to control IOP. Fur-
thermore, 14.6% of eyes had peripheral anterior syn-
echiae in the microstent group vs. 3.7% for the
control (P=0.0001), the only significant adverse
event reported. It also demonstrated a protective
effect of the Hydrus Microstent, with a slightly non-
significant lower rate of visual field progression com-
pared to cataract surgery alone (8.4 vs. 9.6%)
(P=0.63).

56 www.co-ophthalmology.com

Goniotomy is a MIGS that involves creating an
incision in the trabecular meshwork to enhance aque-
ous humor outflow with minimal tissue disruption.

A multicenter study comparing goniotomy with
the Kahook Dual Blade (KDB) and iStent trabecular
bypass in glaucoma patients undergoing cataract
surgery found that KDB led to greater IOP and
medication reductions, with a 23.7% IOP drop in
the KDB group vs. 16.4% in the iStent group, and
tewer 1OP spikes (P < 0.001) [24].

The KDB showed greater success when com-
bined with cataract surgery, with 76% of the KDB-
phaco group achieving at least 20% IOP reduction at
24 months compared to 47% in the KDB-alone
group, though hyphema and IOP spikes were the
most common complications [25].

Canaloplasty is a MIGS that improves natural
aqueous outflow by dilating Schlemm'’s canal.

Canaloplasty is one approach that, combined
with cataract surgery, produced an IOP reduction from
41 up to 56%, compared to 30-34% for canaloplasty
alone. Additionally, medication dependency dropped
significantly, with reductions ranging from 64 to 88%
in the combined procedures in comparison to 53-76%
for the standalone procedure. These outcomes indi-
cate that combining canaloplasty with cataract sur-
gery is highly effective for patients with mild-to-
moderate open-angle glaucoma, offering greater pres-
sure reduction and fewer complications [26].

The suprachoroidal pathway has been touted as
promising but poorly understood. Suprachoroidal
devices have high IOP-lowering potential, but ques-
tions remain about their safety profile. The Cypass
device was retracted from the market after it was
shown detrimental endothelial cell count results.

The MINIject is a newer suprachoroidal device
that utilizes the proprietary STAR material designed
for implantation in the supraciliary space. The meta-
analysis of the STAR-I, II, and III trials demonstrated
that the MINIject supraciliary implant effectively
reduced IOP in patients with primary open-angle
glaucoma. Over 2 years, the mean [OP was reduced
by 39.3%, with 37.9% medication-free patients at
2 years and a favorable safety profile, with a mean
endothelial cell density (ECD) loss of only 6.2% [27].
To date, no publications have reported its outcomes
as a combined procedure.

Endoscopic cyclophotocoagulation (ECP) has
been developed as an alternative to traditional
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cyclodestructive procedures. The ab-interno appro-
ach with better visualization allows for more precise
targeting of the ciliary body while minimizing the
effect on the surrounding structures.

A 6-year retrospective case series on combined
phacoemulsification and ECP (Phaco-ECP) surgery
in 84 eyes with uncontrolled glaucoma found a
significant reduction in IOP. The mean IOP dropped
from 18.9mmHg preoperatively to 12.3 mmHg at
the 6-year mark (P <0.001). However, 68% of eyes
were classified as surgical failures by the 6-year
point, with 36% failing due to inadequate IOP con-
trol and 32% requiring further laser or surgery. Post-
operative complications were uncommon, with
11% of eyes experiencing complications and only
2.4% requiring additional surgical intervention [28].

Phaco-ECP was associated with fewer postopera-
tive complications than trabeculectomy, such as infec-
tion or hypotony, and shorter recovery times [29].

Table 1 provides an overview of above technol-
ogies.

Cataract surgery alone can induce ECD loss. Recent
studies show around 11% ECD loss after routine
phacoemulsification [30]. Combined procedures
should aim to balance IOP reduction and ECD safety
to prevent corneal decompensation. The CyPass
device was retracted from the market due to con-
cerns about significant ECD loss. Ongoing investi-
gations continue to assess the safety of other devices
and procedures, summarized in Table 2.

Trabeculectomy alone results in less endothelial
cell loss (6.35-17.9%) compared to combined
phaco-trabeculectomy, where cell loss is signifi-
cantly higher (31.6% for one-step, P <0.0001, and
42.6% for two-step, P=0.027). The two-step proce-
dure causes more endothelial damage due to the
cumulative effect of two surgeries (P <0.0003).
Therefore, one-step phaco-trabeculectomy is recom-
mended to minimize ECD loss when managing
coexisting glaucoma and cataract [31,32].

Olgun et al. [33] demonstrated that standalone
XEN (—=2.1%+ — 13.8%) appeared to be safer for the
endothelium than traditional filtering surgeries
(=10.0%+ — 9.7%) at 3months (P=0.002). Further-
more, combined XEN surgery (—14.3%, n=17) pro-
duced similar magnitude ECD loss at 2years in
comparison to phaco-emulsification alone (—14.5%,
n=15) (P=0.226) [34]. Those studies have a limited
sample size and short-term follow-up, and the effect
on ECD should be investigated further.

Two studies evaluated the impact of PRESERFLO
MicroShunt implantation on ECD loss over 12 months.
In both, the average ECL was 7.4%, with one study

1040-8738 Copyright © 2024 Wolters Kluwer Health, Inc. All rights reserved.

showing statistical significance (P=0.04) while the
other did not (P=0.08). Both studies found that
ECD loss was significantly higher when the implant
was closer to the corneal endothelium. The findings
highlight the importance of correctly positioning the
shunt to minimize endothelial damage [35,36].

ECD loss was similar between the two groups
and consistent with reported percentages in the
literature for the i-stent [22]. Similarly, the rate of
ECD loss was not statistically significant (P=0.261)
between the two standalone and combined Hydrus
groups (13 vs. 11%) [23].

In the study by Dorairaj and Balasubramani [37]
comparing excisional goniotomy with the KDB and
the iStent, the KDB-phaco group experienced an
(ECD) loss of 3.4% over an average follow-up of
18.2months, while the iStent-phaco group had a
significantly greater ECD loss of 9.0% (P=0.013).
This suggests that KDB may result in less endothelial
cell loss than the iStent when combined with cata-
ract surgery [37].

In summary, no definitive evidence suggests that
MIGS devices result in higher ECD loss than other
glaucoma surgeries. However, long-term studies are
required to understand better and assess the potential
effects of these devices on ECD over time [38].

Glaucoma patients have been shown to produce
more refractive surprises after cataract surgery. This
appears more pronounced in patients with pseu-
doexfoliation, high axial length, and chronic angle
closure pathologies [39,40].

Combined cataract and trabeculectomy dis-
played more surgically induced astigmatism, axial
length changes, and postoperative myopic shift
[41,42]. Patients who underwent cataract surgery
alone achieved better refractive outcomes (85%,
P=0.001) and had less induced astigmatism than
those who had combined surgery. The mean
induced cylinder was 1.31D for the combined sur-
gery group, compared to 0.99D for the cataract-only
group (P=0.11) [43]. No consensus exists on
whether cataract surgery following trabeculectomy
might affect postoperative refraction [44,45].

Refractive outcomes have also been assessed for
minimally invasive procedures [46]. Most proce-
dures, such as the XEN [47], PreserFlo [48], trabec-
ular microbypass stents [49,50], Hydrus [51], and
goniotomy [52] appeared to be refractive neutral.
Mild transient surgically induced astigmatism was
observed due to the placement of the incisions.

A trend toward a postoperative myopic shift
was observed in combined ECP procedures [53,54]
(Table 2).
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Table 2. Refractive outcomes for combined cataract and glaucoma procedures

Study Procedure type Findings Conclusion
Bae et al. [45] Trabeculectomy + cataract Myopic shift more common in combined Combined surgery impacts
surgery vs. cafaract alone surgery, with mean error of —0.48 vs. refractive outcomes with
—0.22D for cataract alone (P<0.05). surgically induced astigmatism.
Dorairaj KDB vs. iStent with Less refractive error in the KDB group KDB provides better refractive
et al. [24] Phacoemulsification (mean error -0.3 D) compared to iStent stability when combined with

Tatti et al. [47]

Manoharan

et al. [39]

Ibarz Barberd

XEN Gel Implantation

Kahook Dual Blade goniotomy
combined with
phacoemulsification

PRESERFLO Microshunt

et al. [48] (standalone and combined with
cataract surgery)
Sheybani Phaco-ECP vs. Phaco alone
et al. [53]

group (mean error —0.55D,
P=0.017).

No significant changes in refractive
outcomes, with stable keratometry
readings and anterior chamber depth

(P> 0.05).

Minimal induced astigmatism with a
mean change of 0.28 D. No
significant postoperative refractive

surprises (P> 0.05).

Mild increase in corneal astigmatism:
anterior surface 0.4 +0.3D and
posterior surface 0.08 +0.1D at
3 months (P=0.01).

Axial length decreased by 0.13+0.23
and 0.24+0.07 mm (P=0.01).

Significant myopic shift in the Phaco-ECP
group, with a mean refractive error of
—0.50D compared to phaco alone
(P<0.001).

cataract surgery.

XEN Gel does not affect corneal
curvature or refractive
outcomes.

KDB combined with cataract
surgery is effective for IOP
control with minimal refractive
impact.

Induces mild and transient
changes in corneal astigmatism
and axial length, with no long-
term impact on refractive
outcomes.

Surgeons should consider
adjusting IOL power in Phaco-
ECP to mitigate refractive
surprises.

IOL selection should be individualized for glaucoma
patients. Aspheric IOLs are recommended for their
ability to enhance contrast sensitivity. Toric IOLs
should be used cautiously, particularly in combined
surgeries that may induce astigmatism, such as fil-
tering procedures, or in eyes with weak zonular
supports, such as PXF. The use of multifocal and
extended depth of focus lenses remains controver-
sial in glaucoma patients, as they can decrease con-
trast sensitivity, a common issue associated with
the disease. Thus, these lenses may be suitable for
glaucoma suspects or ocular hypertensive patients
but should be avoided in more advanced glaucoma
cases [55].

Concomitant cataract and glaucoma surgery presents
significant challenges due to the absence of stand-
ardized protocols and the limited availability of high-
quality studies, particularly RCTs. While filtering
surgeries effectively lower IOP, combining them with
cataract surgery can increase the risk of complications
such as bleb failure and unpredictable refractive out-
comes. It is often preferred to separate these proce-
dures, especially in advanced glaucoma cases where
aggressive IOP reduction is needed.

1040-8738 Copyright © 2024 Wolters Kluwer Health, Inc. All rights reserved.

MIGS have emerged as a favorable option, partic-
ularly in less severe cases, due to their safer profile,
reduced complication rates, and minimal impact on
refractive outcomes when combined with cataract
surgery. While they may not achieve as low an 1OP
as filtering surgeries, they offer a better balance of
safety and efficacy, making them suitable for patients
who do not require aggressive 10OP reduction. Fur-
thermore, MIGS do not significantly contribute to
endothelial cell loss, which is a concern with more
invasive procedures. They should be tailored to the
severity of the patient’s glaucoma and the required
postoperative IOP reduction, with less potent angle-
based procedures offering a safer profile, while bleb-
related MIGS, though more effective in lowering IOP,
carry a higher risk of complications. However, careful
planning is critical to anticipate potential refractive
surprises, especially for high-risk patients.

Overall, combining cataract surgery with MIGS is
becoming an increasingly popular approach due to
its safety and ability to reduce the medication burden
while delaying more invasive surgeries. However,
variability in study designs and success criteria makes
comparing outcomes across different techniques dif-
ficult. Further research and standardization are
needed to determine the optimal approach for com-
bining cataract and glaucoma surgery.
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