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Purpose: To compare the predictability of biometric results in patients undergoing cataract
surgery combined with Ahmed glaucoma valve (AGV) implantation according to tube
position.

Methods: A retrospective cohort study was performed in patients who underwent phacoe-
mulsification surgery combined with AGV implantation with the tube in posterior (group PC)
and anterior (group AC) chamber, between November 2012 and April 2020. The main
outcome was the mean biometric prediction error, according to tube position, using different
formulas.

Results: The study included 49 eyes of 36 patients, 23 eyes in group PC and 26 eyes in
group AC. Gender (p=0.774), age (p=0.822), type of glaucoma (p=0.168), preoperative
correct distance visual acuity (p=0.139), axial length (p=0.765), anterior chamber depth
(p=0.351), keratometry (p=0.577) and intraocular lens power (p=0.608) were similar
between groups. Only preoperative intraocular pressure was higher in group PC (p=0.005).
The mean prediction errors using Haigis, SRK/T, Hoffer Q, Holladay 1, Barrett Universal 11,
Kane and Hill RBF formulas were all positive in group PC (hyperopic) and all negative
(myopic) in group AC. In group PC, there was no significant difference in prediction error
between these formulas (p>0.05). In group AC, the formula with the worst prediction error
was Haigis (p=0.001), and the best was Barrett Universal II (p=0.043).

Conclusion: The biometric predictability and expected final refraction in phacoemulsifica-
tion surgery combined with AGV implantation are modified by the position of the tube.
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Introduction

Glaucoma drainage implants have been used for a long time, and are particularly
indicated in refractory glaucomas, when the risk of trabeculectomy failure is high,
such as neovascular glaucoma, uveitic glaucoma, congenital glaucoma' and trans-
thyretin-related familial amyloidotic polyneuropathy (TTR-FAP) secondary glau-
coma. Bayer and Onol” demonstrated similar success rates for Ahmed glaucoma
valve (AGV) tube insertion through the anterior chamber angle compared to AGV
tube insertion through the ciliary sulcus.

If cataract and refractory glaucoma coexist, combined phacoemulsification and
glaucoma drainage implant surgery is an option. This combined procedure has some
advantages: good visual rehabilitation with simultaneous improved intraocular
pressure (IOP) control; less risk of failure compared with conventional filtering
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surgery; single surgical intervention with reduced anaes-
thesia and surgical time for the patient; reduced risk of
repeated surgery; and reduced overall cost of care to the
health system.’

The efficacy of IOP lowering has been well docu-
mented with the combined approach. Concerning refrac-
tive outcomes, these are still poorly defined.* There are
some studies related to phacoemulsification surgery
combined with trabeculectomy,” Kahook Dual Blade
goniotomy® and endoscopic cyclophotocoagulation.”
Tzu et al have published refractive outcomes of com-
bined cataract and glaucoma surgery, but did not distin-
guish between phacoemulsification surgery combined
with trabeculectomy and phacoemulsification surgery
combined with glaucoma drainage implants.* More
recently, Kwon and Sung included refractive outcomes
in addition to the IOP control outcomes of phacoemul-
sification surgery combined with AGV implantation, but
all eyes had the tube inserted into the anterior chamber
and they only reported the absolute refractive error
among the four formulas, so that it was not possible to
see whether there is any tendency towards a myopic or
hyperopic shift.® Currently, there are no published stu-
dies in the literature with refractive outcomes discrimi-
nating on the basis of tube position. This study aims to
evaluate the predictability of biometric results in
patients undergoing cataract surgery combined with
AGYV implantation according to tube position.

Materials and Methods

Study Design

A retrospective consecutive case-series study was per-
formed, including patients with a diagnosis of glaucoma
who underwent phacoemulsification surgery combined
with AGV implantation with the tube in posterior (group
PC) (group AC)
Ophthalmology = Department

and anterior chamber, in the

of Centro Hospitalar
e Universitario do Porto, between November 2012 and
April 2020. This study was conducted following the tenets
of the Declaration of Helsinki (1964). The authors ensured
that all patients’ anonymity was carefully protected.
Informed consent was signed for all procedures and the
study followed all the guidelines required by the local
ethics committee. Approval was obtained from the
“Departamento de Ensino, Formacdo e Investigacdo”
(DEFI).

Participants

The inclusion criteria for both groups were patients with
refractory glaucoma and cataract who underwent com-
bined phacoemulsification with AGV implantation.
Indications for combined surgery in our institution
included cataract and uncontrolled IOP despite maximum
tolerated topical therapy with documented glaucoma pro-
gression, or previously failed glaucoma surgery. Patients
with corneal opacity, irregular astigmatism, pterygium,
prior corneal, refractive or sclera buckling surgeries,
absence of IOLMaster biometry, amblyopia and any
intraoperative complications were excluded.

Parameters
The following variables were analyzed:

e -demographic characteristics (gender, age and sub-
type of glaucoma);

e -previous ocular surgeries (vitrectomy and glaucoma
surgeries);

e -type of intraocular lens (IOL) used and biometric
characteristics (axial length, anterior chamber depth,
keratometry, corneal astigmatism and respective axis
and refractive target for the IOL power used by
different formulas);

e -preoperative and postoperative evaluation at two to
three months [corrected distance visual acuity

(CDVA), I0P, equivalent spherical refraction, cylin-

der refraction and axis].

Intraocular lens power was calculated by IOL Master®™
500 or IOL Master™ 700 devices (Carl-Zeiss Meditec,
Germany). For numerical analysis, Snellen visual acuity
was converted to the logarithm of the minimum angle of
resolution (logMAR) values. Intraocular pressure was
measured using Goldmann’s applanation tonometry.
Postoperative evaluation was considered at two to three
months after surgery to guarantee the refractive stability
and to avoid refractive parameters in the hypertensive
phase when it occurred. The main outcome measure was
the biometric prediction error according to tube position in
patients undergoing cataract surgery combined with AGV
implantation.

Surgical Procedure
All surgical procedures were carried out by four experienced
glaucoma surgeons. In all eyes, the AcrySof IQ SN6OWF IOL
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(Alcon Laboratories, Fort Worth, TX, USA) and the FP7
model AGV (New World Medical®, Rancho Cucamonga,
CA, USA) were used. Under subtenonian anesthesia with
lidocaine 2%, combined surgery was performed according to
the following technique: a limbal-based conjunctival incision
was made to create a conjunctival flap between two recti
muscles in the superotemporal quadrant; cauterization of
episcleral vessels; priming of the AGV by introducing
balanced salt solution in the tube; placement of the plate 8§ to
10 mm posterior to the corneal limbus and sclera fixation with
80 nylon; scleral flap creation (two-thirds thickness); AC
paracentesis with a 15° scalped, injection of viscoelastic sub-
stance and 2.4 mm clear cornea incision; flap creation and
continuous circular capsulorhexis completed with the capsule
forceps; hydrodissection; phacoemulsification of cataract;
complete cortex removal; injection of a foldable intraocular
lens; cutting the tube to a bevel-shaped angle of 30°, creating
a route 1-3 mm posteriorly to the corneoscleral limbus, par-
allel to the iris with a 23-gauge needle; inserting the tube in AC
or PC (in the ciliary sulcus) (according to surgeon preference);
suture of the tube to the sclera with 8-0 nylon and covering
with an scleral flap sutured with 10-0 nylon; finally, the
conjunctiva was closed with 10-0 nylon or 8-0 vicryl (accord-
ing to surgeon preference); viscoelastic substance removal,
corneal incision hydration and a subconjunctival injection of
cefazolin and dexamethasone was performed.

In the postoperative period, all patients were treated
with topical antibiotics for eight days, oral and topical
steroids at weaning and non-steroidal anti-inflammatory
drops for six months.

Statistical Analysis

The statistical analysis was performed using the SPSS pro-
gram (SPSS Statistics, version 22.0 for Windows, SPSS Inc.,
IBM, Somers, NY). The normality of the variables was
evaluated using the Shapiro-Wilk test. For preoperative
and postoperative analysis, the Wilcoxon test and paired-
sample -test were used. The comparison between indepen-
dent continuous variables was performed using the Student’s
t-test and the Mann—Whitney test. The Fisher exact test was
used for nominal scaled data. P values less than 0.05 were
considered statistically significant.

Results

Demographic Data
This study included 36 patients (49 eyes), 41.7% male and
58.3% female, aged 30 to 76 years, with a mean age of

54.9 + 8.3 years (y) at the time of AGV implantation
combined with cataract surgery.

Group PC included 23 eyes, 95.7% diagnosed with
TTR-FAP secondary glaucoma and 4.3% with pseudoex-
foliation (PXF) glaucoma. The average age was 55.2 £ 5.2
years and 61% were female. One eye (4.3%) had trabecu-
lectomy before AGV implantation. Vitrectomy pars plana
had been performed previously in 13 eyes (56.5%).

Group AC included 26 eyes, 73.1% diagnosed with
TTR-FAP secondary glaucoma, 11.5% with PXF glau-
coma, 11.5% with uveitic glaucoma and 3.8% with sec-
ondary glaucoma following vitreoretinal surgery. The
average age was 54.7 = 10.4 years and 54% were female.
Four eyes (15.4%) had glaucoma surgeries before AGV
implantation: trabeculectomy in two eyes; EX-PRESS™
implant in one eye; trabeculectomy and cyclophotocoagu-
lation in one eye. Vitrectomy pars plana had been per-
formed previously in 14 eyes (53.8%).

There were no statistically significant differences in the
comparison of age (p=0.822), gender (p=0.774), type of glau-
coma (p=0.168) and previous glaucoma surgery (p=0.353)
and vitrectomy (p=0.540) between the groups (Table 1).
Concerning biometric values, both groups had similar axial
length (p=0.765), anterior chamber depth (p=0.351) and mean
keratometry (p=0.577). The IOL diopters used were also
similar (p=0.608) between the groups (Table 1).

Refractive Outcomes

Corrected Distance Visual Acuity and Refraction
Preoperative CDVA improved from 0.4+0.3 logMAR to 0.3
0.1 logMAR in group PC and from 0.4+0.3 logMAR to 0.2
+0.0 logMAR in group AC (Table 2). Preoperative and post-
operative CDVA was similar (p=0.139 and p=0.675, respec-
tively) in both groups. The absolute final equivalent spherical
refraction value was higher (p=0.034) in group AC (u=0.7
+0.7) than in group PC (u=0.1£1.2), without statistically sig-
nificant differences in final cylinder refraction value
(p=0.067). The difference between postoperative and preo-
perative astigmatism (induced astigmatism) was similar
(p=0.544) between-group PC (u=0.9£1.8) and group AC
(1=0.6£1.4).

Biometric Predictability

The mean prediction error using Haigis, SRK/T, Hoffer
Q, Holladay 1, Barrett Universal II, Kane and Hill RBF
formulas were all positives (more hyperopic) in group
PC and all negatives (more myopic) in group AC
(Table 2). In group PC, there was no significant
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Table | Demographic Data

Group PC (n=23) Group AC (n=26) P

Gender: male/female (%) 39.1%/60.9% 46.2%/53.8% 0.774
Age, y (meanzSD) 55.2+5.2 54.7£10.4 0.822
Type of glaucoma (%)

FAP 22/23 (95.7%) 19/26 (73.1%) 0.168

PXF 1/23 (4.3%) 3/26 (11.5%)

Uveitic - 3/26 (11.5%)

After vitrectomy pars plana - 1/26 (3.8%)
Ocular surgeries pre-AGV (%)

Glaucoma surgery 1/23 (4.3%) 4/26 (15.4%) 0.353

Vitrectomy 13/23 (56.5%) 14/26 (53.8%) 0.540
Biometric values (mean+SD)

Axial length, mm 23.31£0.6 234+14 0.765

ACD, mm 3.1£0.3 3.0£0.4 0.351

Keratometry, D 447+1.3 444422 0.577

IOL dioptre used (mean+SD) 21.0£1.7 21.3£3.0 0.608

Abbreviations: ACD, anterior chamber depth; AGV, Ahmed glaucoma valve; D, dioptre; FAP, familial amyloid polyneuropathy; IOL, intraocular lens; PXF, pseudoexfoliation;

SD, standard deviation; y, years.

difference in prediction error between these formulas
(p>0.05). In group AC, the formula with the worst
prediction error was Haigis (p=0.001) and the best was
Barrett Universal II (p=0.043) (Figure 1). The mean
difference in target and postoperative refraction spheri-
cal equivalent (refractive surprise) was similar between
eyes with biometric measures using the IOL Master™
500 device and IOL Master™ 700 device within group
PC (p=0.878) and group AC (p=0.490).

Within +0.5D, the biometry prediction error (spheri-
cal equivalent) was 53.1% (26/49), and within £1D, it
was 71.4% (35/49). There were 14 cases with greater
than +1D of refractive surprise, eight in group PC (four
myopic and four hyperopic) and six in group AC (five
myopic and one hyperopic). There were 23 cases with
greater than +0.5D of refractive surprise, 13 in group
PC (six myopic and seven hyperopic) and 10 in group
AC (eight myopic and two hyperopic). Figure 2 presents
the refractive surprise by groups. The biometry predic-
tion error within —1D and +0.5D was achieved in 63%
(31/49) of patients.

As presented in Table 3, in patients with refractive
surprise greater than 1D, no ocular or patient character-
istics were identified as a significant risk factor, including
biometric parameters.

Discussion

Currently, with advancing techniques, the achievement of
more predictable refractive outcomes has been accompa-
nied by an increase in patients’ expectations of a good
visual outcome,’ even in patients with other ocular comor-
bidities. Manoharan et al have demonstrated that patients
with a diagnosis of glaucoma are more likely to have
a refractive surprise and/or worse visual outcome after
phacoemulsification cataract surgery.'® Combination catar-
act and glaucoma procedures may increase refractive sur-
prise as well.® Our study indicated biometric predictability
differences depending on tube position in combined catar-
act surgery and AGV implantation.

Most of the modern biometric formulas are based on
the theoretical equation formulated by Fedorov and its
modifications.!’ We included in our analysis the prediction
error calculated by third- and newer generation formulas,
which attempt to calculate the effective lens position more
accurately. Nevertheless, multiple variables are likely to
influence predictability and accuracy of refraction other
than the position of AGV tube (AC vs PC) in combined
surgery. These factors include pre-operative refractive sta-
tus including high myopia or hyperopia, amount and type
of pre-existing astigmatism, the status of zonules (laxity as
in pseudoexfoliation, high myopia post vitrectomised
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Table 2 Surgical Outcomes
Group PC (n=23) (MeaniSD) Group AC (n=26) (MeaniSD) P
Preoperative CDVA, logMAR .4+0. .14+0.3 0.139
Postoperative CDVA, logMAR 0.3%0.1 0.2+0.0 0.675
Preoperative IOPF, mmHg 29.9+7.5 24.5+5.2 0.005
Postoperative IOP, mmHg 16.8+5.4 17.1+4.7 0.839
Prediction error, D
Haigis 0.2+1.2 —0.6+0.7 0.015
SRK/T 0.1%1.1 —0.4+0.8 0.056
Hoffer 0.2%1.2 —0.4+0.9 0.034
Holladay | 0.2%1.1 —0.4+0.8 0.049
Barrett 0.2%1.2 —0.3+0.8 0.065
Kane 0.2+1.2 —0.4+0.8 0.042
HillRBF 0.2%1.2 —0.4+0.8 0.055
Preoperative Equivalent Spherical, D —1.2+3.2 —1.7+3.6 0.678
Final Equivalent Spherical, D —0.1%1.2 —0.7+0.7 0.034
K2-K1, D —1.4%1.0 -1.7x1.3 0.376
Final cylinder refraction, D —0.5%1.3 —-1.1+0.9 0.067
Preoperative Corneal astigmatism axis, © 120.3+60.8 94.5166.1 0.164
Final cylinder axis, © 113.0£69.2 108.4+58.1 0.806

Note: Bold text represents statistically significant p value.

Abbreviations: CDVA, corrected distance visual acuity; D, dioptre; IOP, intraocular pressure; SD, standard deviation.

eyes), as well as the status of scleral rigidity. When placing
the AGV plate on the sclera, the use and tightness of non-
absorbable suture to anchor plate over sclera are equally
important factors to address the final status of the refrac-
tion. In the same manner, the construction and configura-
tion of the scleral tunnel, number, and types of sutures
applied to secure tunnel are equally crucial to set accuracy
in the refractive status following post combined AGV and
phacoemulsification surgery. Hence, IOL power calcula-
tion is likely to have unpredicted variations in the above-
mentioned scenarios.

We verified that the mean prediction errors using
Haigis, SRK/T, Hoffer Q, Holladay 1, Barrett Universal
II, Kane and Hill RBF formulas were all positive (more
hyperopic) in group PC and all negative (more myopic) in
group AC. The axial length, anterior chamber depth, ker-
atometry, lens thickness and white-to-white parameter
were not potential risk factors for refractive surprise over-
all in our sample (Table 3).

Concerning group PC, we suspect that a change in the
effective lens position is the most likely contributor to the
observed refractive surprise, although we have no imaging

to support this. The tube in group PC may displace the
IOL posteriorly and may cause an overall hyperopic shift.
The other hypothesis for the overall hyperopic shift is the
possibility of the shortening of the axial length, demon-
strated to be significant by Miraftabi et al due to the
decrease in IOP.'* In fact, preoperative IOP was higher
in group PC and, for this reason, this group had a higher
decrease in IOP. However, we did not analyse the post-
operative axial lengths to support this, because it is
a retrospective study and this measure is not included in
the follow-up routine after this surgery.

Concerning group AC, the tube placed in AC will not
change presumed refraction by the virtue of its position in
AC unless occur anteriorly directed mechanical tractional
forces on the lens-iris diaphragm moving the lens position
forward. Another possibility is the shallowing of the ante-
rior chamber depth, even though we have no pre and
postoperative anterior chamber depth measurements to
support this. The shallowing of the anterior chamber
depth is a frequent condition after glaucoma procedures.
We know that if there is a reduction in effective lens
position as the preoperative anterior chamber depth

Clinical Ophthalmology 2021:15
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Figure 2 Refractive surprise in patients with tube in posterior (PC) and anterior (AC) chamber. Biometry prediction error within +1.00D (A) and +0.50D (B).
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Table 3 Potential Risk Factors of Refractive Surprise
Refractive Surprise Greater Than £ ID | Refractive Surprise Lower Than £ ID P
N=14 N=35
Tube position (%)
PC 8/14 (57.1%) 15/35 (42.9%) 0.528
AC 6/14 (42.9%) 20/35 (57.1%)
Previous vitrectomy (%) 8/14 (57.1%) 19/35 (54.3%) 1.000
Previous glaucoma surgery (%) 2/14 (14.3%) 3/35 (8.6%) 0.616
Preoperative CDVA, logMAR (mean+SD) 0.5+0.4 0.4+0.3 0.130
Preoperative IOP, mmHg (mean+SD) 27.9+6.6 26.7+7.0 0.585
Postoperative IOP, mmHg (mean+SD) 18.3+6.2 16.5+4.6 0.281
Axial length, mm (mean+SD) 23.4+0.6 23.4+£1.3 0.951
Anterior chamber depth, mm (mean+SD) 3.0+04 3.1+04 0.484
Keratometry, D (mean+SD) 44.6+2.0 44.6x1.3 0.990
Lens thickness, mm (mean%SD) 4.4+0.5 4.5+0.4 0.710
White-to-white, mm (mean+SD) 11.8+0.3 11.8+0.3 0.826

Abbreviations: AC, anterior chamber; CDVA, corrected distance visual acuity; D, dioptre; IOP, intraocular pressure; PC, posterior chamber; SD, standard deviation.

decreases, lower IOL power is needed for achieved
emmetropia,'® explaining the myopic shift verified in this
group.

Within 1D biometry, the prediction error was 71.4%
(35/49), higher than the 51.8% reported by Muallem et al
with cataract surgery after trabeculectomy,” but lower than
the 88.8% reported by Manoharan et al with cataract
surgery in glaucoma patients (without glaucoma
surgery),’® and the 94% reported by EUREQUO with
standard cataract surgery.'* Within £0.5D, the biometry
prediction error was 53.1% (26/49), higher than the
48.4% reported by Kang et al with cataract surgery with
endoscopic cyclophotocoagulation,'> but lower than the
59.7% reported by Manoharan et al with cataract surgery
of glaucoma patients (without glaucoma surgery)'® and the
72.7% reported by EUREQUO with standard cataract
surgery.'

A biometry prediction error within —1D and +0.5D was
achieved in 63% patients, slightly higher than the 57%
reported by Kwon and Sung with cataract surgery com-
bined with AGV implantation® and slightly lower than the
74% reported by Tzu et al with combined cataract and
glaucoma surgery.*

To our knowledge, this is the first study to document
the effects of tube position on the biometric predictability

of cataract surgery combined with AGV implantation.
One of the strengths of this study is the use of different
formulas (vergence and artificial intelligence-based for-
mulas) to evaluate the prediction error. The major limita-
tion of this study is its small sample size. However,
a target population with an indication for cataract surgery
combined with valve implantation is very limited. Often
even studies that evaluate the effectiveness of controlling
ocular tension in this surgery also end up including few
patients, given the lower frequency of refractory glau-
coma. Our hospital is a referral center for TTR-FAP;
therefore, in our study, the most common refractory
glaucoma was secondary to this pathology.'® This also
explains that vitrectomy was previously performed in
about half of the patients in our sample, due to vitreous
opacities secondary to TTR-FAP. Post vitrectomy eyes
may have variations in the presumed position of the IOL
implant from the nodal point as well as it is expected to
have more depth of anterior chamber due to fluidic vitr-
eous. Findings from this highly specialized sample prone
to having multiple ophthalmic abnormalities may not be
generalizable to the population. Further limitations are as
follows: the study’s retrospective design and surgical
different
Despite being a retrospective and non-randomized

procedures performed by four surgeons.
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study, patient and ocular demographics were similar
between the two groups (Table 1). Studies with other
devices and with larger sample sizes are needed for this
population.

In addition to the refractive status, the position of the
tube in the ciliary sulcus may also influence the amount
of IOP control as this position of the tube is likely to
release a significant amount of uveal pigments by the
virtue of its placement site as well as of persistent
mechanical touch of the tube over the posterior surface
of the iris. This excessive dispersion of iris pigments may
affect trabecular meshwork and increase the incidence of
chronic inflammation as well as of early posterior capsu-
lar opacification. Nevertheless, the postoperative IOP was
similar between AC and PC groups in our study. AGV
tube placed in AC is considered as a preferred location in
most of the cases, also by the facility of technique. In the
case of combined AGV and cataract surgery which sub-
stantially increases AC depth, there are lesser possibili-
ties of tube touch to the corneal endothelium. In very
select cases where GDD surgery and vitrectomy are
inevitable, despite diseased corneal endothelium, place-
ment of the tube in the vitreous cavity can be another
choice.

Overall, our study demonstrates a myopic shift in
patients with the tube in the anterior chamber and
a hyperopic shift in patients with the tube in the poster-
ior chamber, after cataract surgery combined with AGV
implantation. This must be taken into account when
choosing the IOL power, regardless of the formula
used, according to the tube implantation place. Based
on the above-mentioned observations it is very difficult
to establish and draw a logical conclusion to explain the
different refractive outcomes according to the tube

placement.
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