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Effect of trabeculectomy on ocular higher-order
aberrations in patients with open angle glaucoma
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ABSTRACT

OBJECTIVE: The aim of this study was to evaluate the effect of trabeculectomy on ocular higher-order aberrations following
surgery in a group of patients with open angle glaucoma.

METHODS: In this prospective study, patients with primary open angle glaucoma underwent wavefront aberrometry before
trabeculectomy with mitomycin-C. Coma-like, spherical-like, and total ocular higher-order aberrations were measured as root
mean square values. The measurements were repeated 1 month and 3 months after the procedure.

RESULTS: A total of 20 eyes from 20 patients were examined. There was a significant decrease in intraocular pressure fol-
lowing surgery at 1 month and 3 months postoperatively. However, there was no statistically significant change in the spher-
ical equivalent of the eyes. One month after surgery, a significant change in coma-like, spherical-like, and total higher-order
aberrations of the eyes was observed. However, the repeated measurements performed 3 months after procedure revealed
no significant difference compared to the baseline values.

CONCLUSION: Ocular higher-order aberrations increased 1 month following trabeculectomy surgery. However, this effect
seems to be transient, as the values returned to the preoperative measurement 3 months after the procedure.

Keywords: Aberrometry; glaucoma; higher-order aberration.

laucoma is a progressive neuropathy of the optic

nerve which can lead to irreversible visual impait-
ment. So far, lowering intraocular pressure (IOP), which
can be achieved either with medication or surgery, is the
most useful approach to protect the optic nerve. One of
the most effective procedures for lowering IOP is tra-
beculectomy, with or without anti-fibrotic agents. On
the other hand, many patients report changes in their vi-
sion following trabeculectomy surgery, such as choroidal
detachment, corneal decompensation, hypotony, macu-
lopathy and infection [1-8], which may be complications
of the surgery, or, as in other ocular surgeries, including
intraocular lens implantation and cataract extraction [9-
11], scleral buckling [12], or pterygium excision [13],
may be the result of changes in refractive state or higher-
order aberrations [14-16] of the eye. The present study
is an evaluation of the impact of trabeculectomy surgery
on ocular higher-order aberrations.

MATERIALS AND METHODS

This study was approved by the institutional review board
of Tabriz University of Medical Sciences and was con-
ducted in accordance with the Declaration of Helsinki.
All study patients gave written informed consent for
their participation in this study. Patients with primary
open angle glaucoma who had received the maximal non-
surgical treatment, including topical anti-glaucoma med-
ications and laser therapy, and who were candidates for
trabeculectomy with mitomycin-C (MMC) surgery and
had been referred to the glaucoma clinic were considered
for enrollment. Patients were included if they had cor-
rected visual acuity of >20/40, were free of significant
cataract, had good cooperation for aberrometry, and had
a dilated pupil diameter of >4 mm. Patients with sec-
ondary glaucoma and angle closure glaucoma were ex-
cluded from the study. Additionally, patients with a prior
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history of ocular surgery or ocular disease other than
glaucoma were not considered for participation. Patients
underwent a detailed ophthalmic examination of the an-
terior and posterior segments of the eye with IOP mea-
surement using standard applanation tonometry, as well
as aberrometry measurements with I- trace aberrometer
and refraction. Trabeculectomy surgery procedures were
performed by 2 surgeons (AMF and RDS) using the
same technique. After fashioning a fornix base conjuncti-
val flap, a partial thickness scleral flap was created. MMC
with a concentration of 0.4% was applied for 2 minutes,
and after copious irrigation a paracentesis was performed.
Following a sclerostomy, a peripheral iridectomy was per-
formed and the scleral flap was closed with 10/0 nylon su-
tures. After checking for oozing through the scleral flap,
the conjunctiva was sutured with 10/0 nylon. At the end
of the procedure, the wound was controlled for leakage
and a subconjunctival injection of betamethasone, cefa-
zolin, and atropine was administered. Patients underwent
a thorough ophthalmological examination, including the
anterior and posterior segments of the eye and IOP mea-
surement the day after surgery and were discharged with
topical betamethasone, ciprofloxacin, and homatropin to
be administered 4 times a day. One week after surgery, pa-
tients underwent an ophthalmological examination with
IOP control and conjunctival suture removal. At 1 month
and 3 months after surgery the patients again underwent
an ophthalmological examination and IOP control, as
well as aberrometry with the same aberrometer unit. The
wave-front aberrations were measured in a 4-mm pupil
area and the data were expanded to Zernike polynomials.
The magnitude was demonstrated as root mean square
(RMS). The RMS of the third-order Zernike coefficients
(the square root of the sum of the squared coefficients of
C’33 ,C3‘1,C31, and C33 ) was considered a coma-like aber-
ration, and the RMS of the fourth-order Zernike coef-
ficients (the square root of the sum of the squared co-
efficients of C* ,C 4‘2,C 40, C? N and C 44) was considered a
spherical-like aberration. The total of higher-order aber-
rations was defined as the RMS of the magnitudes for the
third-order and forth-order aberrations.

Statistical analysis

The categorical variables are presented as frequencies
and percentages, while continuous variables are shown as
mean+SD. Preoperative and postoperative values were
compared using analysis of variance. The recorded data
were analyzed with IBM SPSS Statistics for Windows,
Version 22.0. (IBM Corp., Armonk, NY, USA) software

and a p value of less than 0.05 was considered statisti-
cally significant.

RESULTS

Twenty eyes from 20 patients with primary open angle
glaucoma were included in the study. In all, 11 (55%) pa-
tients were male and 9 (45%) were female. The patients’
age ranged from 46 to 78 years (mean age: 61+9.3 years)
and all of them had a Snellen visual acuity of more than
20/40. All the patients underwent trabeculectomy with
MMC without any surgery-related complication such as
hypotony, poor IOP control, infection, or gross choroidal
detachment. During the follow-up period, none of the
participants developed a significant cataract or visual loss.
The mean preoperative IOP was 29.1+6.4 mmHg, and
at postoperative 1 month and 3 months, the mean IOP
was 13.98+3.8 and 13.1+£3.6 mmHg, respectively. The
change in IOP after surgery at all time points was sig-
nificant in comparison with preoperative measurements
(p<0.0001); however, the difference in IOP between 1
month and 3 months after surgery was statistically in-
significant (p=0.453). The mean spherical equivalent of
refractive errors before surgery was -1.65+1.35 D and
for 1 month and 3 months after surgery it was -1.81+£1.63
D and -1.97£1.45 D, respectively. Again, there was not a
significant change in spherical equivalent before and after
surgery (p=0.737; 95% confidence interval [CI] -0.798 to
1.118 and p=0.575; 95% CI -0.646 to 1.146, respectively).

Preoperative and 1 month and 3 month postop-
erative ocular aberrations are reported in Table 1. The
mean ocular coma-like RMS value before surgery was
0.2340.13, and 1 month and 3 months after surgery, it
was 0.34+0.15 and 0.31+0.13, respectively. The differ-
ence between the preoperative and 1 month postoper-
ative values was statistically significant (p=0.017; 95%
CI -0.192 to -0.028); however, 3 months postoperative
it was not statistically significant (p=0.059; (95% CI
-0.164 to 0.003). The mean ocular spherical-like RMS
value before surgery was 0.12+0.07, and 1 month and 3
months after surgery it was 0.19+0.08 and 0.16+0.08,
respectively. The difference between the preoperative
and 1 month postoperative values was statistically sig-
nificant (p=0.005; 95% CI -0.117 t0-0.023); however, 3
months postoperative it was not statistically significant
(p=0.113; 95% CI -0.086 to 0.008). The mean ocular
total RMS value before surgery was 0.47+0.26, and 1
month and 3 months after surgery it was 0.70+0.34 and
0.60+0.25, respectively. The difference between the pre-
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TABLE 1. Mean intraocular pressure, spherical equivalent, and root mean square of higher-order aberration values measured

preoperatively and at 1 and 3 months postoperatively

Preoperative 1 month 3 months p p

Postoperative Postoperative  (preop and (preop and

1m post op)  3m post op)

Mean IOP (mmHg) 29+6.40 13.98+3.8 13.1+3.6 p<0.0001 p<0.0001
Mean spherical equivalent (D) -1.65+1.35 -1.63+1.81 -1.97+1.45 p=0.737 P=0.575
Mean coma-like aberration RMS 0.23+0.13 0.34+0.15 0.31+0.13 P=0.017 P=0.059
Mean spherical-like aberration RMS 0.12+0.07 0.19+0.08 0.16+0.08 P=0.005 P=0.113
Mean total ocular higher order aberration RMS  0.47£0.26 0.70+0.34 0.60+0.25 P=0.023 P=0.113

I0OP: Intraocular pressure; m: Month; preop: Preoperative; postop: Postoperative; RMS: Root mean square; SE: Spherical equivalent.

operative and 1 month postoperative values was statis-
tically significant (p=0.023; 95% CI -0.427 to -0.031);
however, 3 months postoperative it was not statistically

significant (p=0.113; 95% CI -0.291 to 0.033).

DISCUSSION

Several studies have demonstrated that ocular surg-
eries such as intraocular lens implantation and cataract
extraction [9-11], scleral buckling [12], and pterygium
excision [13] may result in changes in the refractive state
or higher-order aberrations [14-16] in the affected eye.
In the present study, consistent with previous studies, we
report similar changes in ocular higher-order aberrations
1 month postoperatively. However, no significant change
was observed 3 months after the surgery. A prospective
study found that 1 week after trabeculectomy surgery,
94% and 43% of patients reported a change in their un-
corrected and corrected Snellen visual acuity, respectively
[17]. Some studies have attributed these alterations in
visual acuity to changes in corneal contour, anterior
chamber depth, axial length of the globe, and thickness
of the crystalline lens [6, 18-23]. Another study demon-
strated with vector analysis that the cylinder compo-
nent of refraction was increased by 1.4 D; however, the
vector power of surgically induced refractive change at
1 month postoperatively did not significantly correlate
with corneal coma-like, spherical-like, or total RMS,
suggesting that changes other than anterior corneal
aberration, such as internal optics of the eye, play a role
in the changes in higher-order aberrations postopera-
tively[14]. Francis et al. [23] reported a decrease in the
axial length of the globe following trabeculectomy that
was more prominent 1 week and 1 month after surgery,

and suggested over-filtration as the explanation for their
finding; however, similar to our findings, Fukuoka et al.
(14] have shown that despite the stability of IOP from 1
month to 3 months postoperatively, the values of ocular
coma-like, spherical-like, and total higher order aberra-
tions changed during this time period and reached values
similar to preoperative measures. Accordingly, we can
conclude that changes in the internal optics of the eye
due to factors such as iridocyclitis, macular edema, reti-
nal hemorrhage, and scleral and choroidal thickness that
may occur due to hypotony and surgical manipulation
of ocular tissues, independent of IOP, are responsible
for the alterations in higher-order aberrations. [24] In
a prospective study by Karasheva and et al. [22] it was
demonstrated that macular thickness increases 1 month
after surgery, but subsides 3 months postoperatively and
reaches the preoperative value. Furthermore, there was
not a significant correlation between IOP and retinal
thickness, and they concluded that even in the absence
of ocular hypotony, macular edema may occur following
trabeculectomy. In a study conducted by Martinez-Bello
[25], 12.5% of the eyes developed suprachoroidal fluid
in 3 to 6 months following trabeculectomy, which was
detectable with ultrasound biomicroscopy. They hypoth-
esized that it might have resulted from traction of the iris
root during peripheral iridectomy and low IOP on the
removal of the deep scleral block. Moreover, Sugimoto
et al. [26] reported even higher rates of suprachoroidal
fluid (33%) following trabeculectomy in the absence of
any intraocular inflammation and changes in anterior
chamber depth or gross choroidal detachment within 2
weeks after surgery. These findings indicate that supra-
choroidal fluid may appear more commonly and at an
earlier stage than 3 or 6 months postoperatively and
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may dissolve soon after. Crystalline lens position and the
thickness and anterior chamber depth can temporarily
be changed following ciliary body edema due to surgical
manipulation [14].

Limitations

The present study is limited by the relatively small num-
ber of patients and the lack of a control group. Addition-
ally, we did not evaluate corneal higher-order aberrations
along with ocular aberrations.

CONCLUSION

The results of this study are consistent with previous
reports, and demonstrate the effect of trabeculectomy
surgery on the optical system of the eye. Furthermore,
the data suggest that the observed changes in the optics
of the eye are transient and will most probably resolve in
3 months after surgery. Accordingly, any visual changes
observed after this period cannot be attributed to the ef-
fect of surgery and would mandate comprehensive eval-
uation.
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