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Purpose: To evaluate changes in axial length and choroidal thickness after trabeculectomy.
Patients and methods: Fourteen patients under 80 years of age with glaucoma, were enrolled.
The choroid was imaged using prototypical high-penetration optic coherence tomography (OCT)
and the thickness was measured. Axial length, choroidal thickness, and intraocular pressure (IOP)
were measured bilaterally at 3 pm 1 day before and 6 days after trabeculectomy. The choroidal
thickness was measured at the fovea and four other locations (2 mm superior, temporal, inferior,
and nasal to the center of the optic nerve head).

Results: The IOP and axial length significantly decreased in eyes that underwent
trabeculectomy (P < 0.0001 for the IOP; P < 0.001 for axial length comparisons). The
mean choroidal thicknesses significantly increased in eyes that underwent trabeculectomy
compared to preoperatively (P < 0.0001 for the fovea; P < 0.01 for four locations around
the optic disc). The mean magnitude of change in IOP was correlated positively with the
mean magnitude of change in axial length, but not correlated with the mean magnitude of
change in choroidal thickness at the fovea that underwent trabeculectomy. The sum of the
axial length and subfoveal choroidal thickness in eyes decreased significantly postoperatively
(P < 0.05).

Conclusion: The axial length shortened, the choroid thickened, and the sum of the axial length
and subfoveal choroidal thickness decreased with IOP reduction early after trabeculectomy.
Keywords: choroidal thickness, trabeculectomy, optical coherence tomography, IOP
reduction

Introduction

Diurnal variations in intraocular pressure (IOP) and axial length have been reported,'
and some authors have reported a positive association between them.** An experimental
study also suggested that the axial length can be modulated by choroidal thickness
changes that push or pull the retina in the chicken’s eye.® Some investigators have
reported diurnal variations in choroidal thickness*”® and a negative association between
axial length and choroidal thickness in human eyes.?

It is important to explore the relationship between IOP and axial length to clarify
the pathology of glaucoma. The Tajimi Study, a population-based study of Japanese
subjects, found that myopia was a significant risk factor for development of open-
angle glaucoma.’ Other groups have reported similar results.!®!? The choroid is also
an important tissue involved in the pathology of glaucoma. Duijm et al reported that
choroidal circulation in normal tension glaucoma was slower than in control subjects. '
Some investigators have reported recently that the choroidal thickness in normal
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tension glaucoma is significantly thinner, at least in specific
locations, than in normal subjects.!*!¢

Trabeculectomy, the gold standard filtering surgery for
reducing IOP, causes morphologic changes in the ocular
shape. Several studies have reported that the axial length
decreases with reductions in IOP after trabeculectomy.!”%°
However, the changes in the choroidal thickness after
trabeculectomy are not clear.

In the current study, we investigated the changes in the
IOP, axial length, and choroidal thickness after trabeculec-
tomy and their association using high-penetration optical
coherence tomography (OCT).

Patients and methods

Patients

The current prospective study included 14 patients with
glaucoma who had undergone trabeculectomy at Osaka
National Hospital. Two glaucoma specialists (Y Otori,
S Usui) diagnosed glaucoma in these patients who were
receiving maximal antiglaucoma medication. The inclusion
criteria were previous cataract surgery (five eyes), previous
trabeculectomy (one eye), previous trabeculotomy (one eye),
simultaneous cataract surgery for age-related cataract (five
eyes), laser suture lysis after trabeculectomy, and secondary
glaucoma including uveitis and exfoliative glaucoma.
Three patients had previously received trabeculectomy in
fellow eyes. The exclusion criteria were an age of more than
80 years, the presence of neovascular glaucoma, and the
complications of hypotony, such as maculopathy, choroidal
effusion, choroidal hemorrhage, and expulsive hemorrhage
after trabeculectomy.

The choroidal thickness, axial length, and IOP were
measured bilaterally at 3 pm the day before and 6 days after
trabeculectomy. A prototype high-penetration OCT instru-
ment was used to image the choroid and to measure the
choroidal thickness at the fovea and the peripapillary area.
Three masked examiners measured the choroidal thickness.
The institutional review board of Osaka National Hospital
approved the use of the prototype high-penetration OCT. All
patients provided informed consent. The research adhered to
the tenets of the Declaration of Helsinki, 1964.

Prototype 1060 nanometer
high-penetration OCT

The detailed profile of our prototype high-penetration OCT
was described previously.?! This OCT is a swept-source
instrument with a scanning speed of 50,000 A-scans per
second. Six 6 mm macula and disc regions were independently

scanned using a horizontal fast raster protocol, and the A-scan
density was 512 lines (horizontal) X 255 lines (vertical). The
scan time was 2.7 seconds. The center wavelength of the probe
beam was 1060 nanometer (nm), and the bandwidth was
80 nm or more. The axial resolution was 11 microns in tissue.
The long wavelength probe enables deep penetration to the
choroid. Each magnification of OCT images was corrected by
the axial length. Subfoveal choroidal thickness was measured
on the macula image, and the choroidal thickness around
the optic disc was measured on the disc image at the fovea
and four locations (2 mm superior, temporal, inferior, and
nasal locations to the center of the optic disc). The choroidal
thickness was measured, according to the method described
previously.?>?* The choroidal thickness was defined as the
distance between the hyper scattering line of the retinal
pigment epithelium (RPE) and the chorio-scleral interface.
The RPE and chorioscleral interface were clearly identified.

OCT images were obtained at about 3 pm, with the patient
sitting to eliminate the effect of circadian variations on the
choroidal thickness.>?*%3

Surgical technique

Two glaucoma surgery specialists (Y Otori, S Usui) per-
formed all trabeculectomies. A 3.5 x 3.5 mm scleral flap
was created superotemporally or superonasally from the
limbus; 0.04% mitomycin C was applied for 5 minutes.
The scleral flap was sutured using 10-0 nylon. Blebs were
managed by laser suture lysis, which promoted filtration
and bleb formation after trabeculectomy. Optimal visual-
ization of the nylon suture was achieved with a Blumenthal
lens (Volk Optical Inc, Mentor, OH, USA) or the Ocular
Mandelkorn lens (Ocular Instruments Inc, Bellevue, WA,
USA). Phacoemulsification was performed followed by
intraocular lens implantation in the capsular bag. A phaco
probe was inserted into the cornea temporally. Yellow-tinted
hydrophobic soft acrylic lens (NS-60YG, Nidek Co, Ltd,
Gamagori, Japan) was used for intraocular lens implantation.
Topical treatments were performed after surgery. All patients
were treated with Levofloxacin hydrate and Betamethasone
sodium phosphate after trabeculectomy. Bromfenac sodium
hydrate was also used for the patients after simultaneous
cataract surgery.

Other examinations

After the OCT measurement, the axial length which was
regarded as the distance from the corneal vertex to the
RPE layer was measured, using partial optical coherence
interferometry (IOL Master, Carl Zeiss Meditec, Dublin, CA,
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USA). Finally, the [OP was measured by Goldmann applanation
tonometry under treatment with topical anesthesia.

Statistical analysis

The data were analyzed, using analysis of variance with
the paired #-test. The relationships between the IOP, the
axial length, and the choroidal thickness changes follow-
ing trabeculectomy were evaluated by Pearson’s correlation
coefficient. Statistical analyses were performed using JMP
version 9.0 (SAS Institute Inc, Cary, NC, USA). P < 0.05
was considered statistically significant.

Results

Patient demographic data

Table 1 shows the demographic data from 14 subjects (nine
men, five women; mean age, 65.0 = 8.7 years; range, 50-76).
Eight subjects had primary open-angle glaucoma (POAG),
and six subjects had secondary glaucoma. The choroidal
thickness was analyzed in 14 of 14 subjects at the fovea, and
in ten of 14 subjects around the optic disc. Four subjects were
excluded from measurement of the peripapillary area because
of poor image quality or poor visual fixation.

|IOP and axial length after trabeculectomy
Fluctuations in IOP and axial length in 14 patients with
glaucoma were compared 1 day before and 6 days after
trabeculectomy. The mean IOP in the trabeculectomy
eyes decreased significantly from 26.6 + 7.6 mmHg to
7.2 £ 2.6 mmHg postoperatively (P < 0.0001, by paired
t-test). There was no significant difference in the mean IOP
in the fellow eyes, before and after trabeculectomy (P =0.22,
by paired #-test, 17.0 = 4.7 mmHg preoperatively and
15.5 = 6.1 mmHg postoperatively). The mean axial length
in the eyes that underwent trabeculectomy decreased signifi-
cantly from 25.12 + 1.42 mm to 24.86 = 1.43 mm (P =0.001,
by paired #-test). The mean axial length in the fellow eyes
did not differ significantly, before and after trabeculectomy
(P =0.62, by paired #-test, 25.00 = 1.52 mm, preoperatively;

Table | Demographic data

Parameter n
Number of subjects 14
Men/women (9/5)
Age (years, mean £ SD) 65.0+87
Glaucoma type
POAG subjects 8
Secondary glaucoma subjects 6

Abbreviations: SD, standard deviation; POAG, primary open-angle glaucoma.

24.99 + 1.52 mm, postoperatively). The decreases in IOP
were correlated positively with shortening of the axial length
in eyes that underwent trabeculectomy (R =0.41, P=0.013,
by Pearson’s correlation coefficient) (Figure 1).

Choroidal thicknesses

after trabeculectomy

Table 2 shows the changes in the mean choroidal thickness at
the fovea and 2 mm superior, temporal, inferior, and nasal to
the center of the optic disc before and after trabeculectomy in
the eyes that underwent surgery and the fellow eyes.

The mean choroidal thickness at the fovea in eyes treated
with trabeculectomy significantly increased postoperatively
(P < 0.0001, by paired #-test); however, in the fellow eyes,
there was no significant difference before and after surgery
(P =0.27, by paired t-test). The mean choroidal thicknesses
around the optic disc also significantly increased superiorly,
temporally, inferiorly, and nasally (P < 0.01, for all comparisons
by paired ¢-test) after trabeculectomy in the eyes that underwent
surgery; the choroidal thicknesses in the fellow eyes in the
same locations did not differ significantly, before and after
trabeculectomy. The changes in subfoveal choroidal thickness
were similar between POAG and secondary glaucoma in the
eyes that underwent trabeculectomy (P = 0.004 for POAG;
P =0.048 for secondary glaucoma, by paired #-test).

The increase in the choroidal thickness at the fovea was
not correlated with either decreases in IOP or shortening
of the axial length (R* = 0.08, P = 0.32 for IOP reduction;
R?>=0.1, P = 0.27 for shortening of the axial length, by
Pearson’s correlation coefficient). Decrease in IOP was cor-
related with the increases in the choroidal thickness around
the optic disc inferiorly and nasally (R* = 0.42, P = 0.04 for
inferiorly; R?> = 0.44, P = 0.035 for nasally, by Pearson’s
correlation coefficient), but not superiorly and temporally
around the optic disc (R*> = 0.025, P = 0.65 for superiorly;
R?>=10.36, P = 0.06 for temporally, by Pearson’s correlation
coefficient) (Figure 1 and Table 3).

Sum of the axial length and
subfoveal choroidal thicknesses

after trabeculectomy

The sum of the axial length and subfoveal choroidal
thickness in 14 eyes that underwent trabeculectomy
significantly decreased after surgery from 25.32 + 1.41 mm
t025.11 £ 1.42 mm (P = 0.004, by paired #-test); however, in
the fellow eyes there was no significant difference before and
after surgery (P =0.83, by paired #-test, 25.24 £ 1.51 mm pre-
operatively; 25.24 + 1.53 mm postoperatively) (Table 4).
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Figure | Relationships between intraocular pressure, axial length, and choroidal thickness changes following trabeculectomy.

Notes: (A) The decreases in IOP were correlated positively with shortening of the axial length. (B) The increase in the choroidal thickness at the fovea was not correlated
with either decreases in IOP or shortening of the axial length. (C) The increase in subfoveal choroidal thickness was not correlated with either decreases in IOP or shortening
of the axial length. Decrease in IOP was correlated with the increases in the choroidal thickness around the optic disc inferiorly and nasally, but not superiorly and temporally.

A, changes following trabeculectomy.
Abbreviation: IOP, intraocular pressure.

Discussion

Previous studies have suggested that the axial length shortens
as a result of reductions in IOP after trabeculectomy during
the early postoperative period.” In the current study, the

changes in IOP were correlated positively with the changes
in axial length after trabeculectomy. Németh and Hordczi
reported decreased axial length and increased thickness
and volume of the ocular wall after trabeculectomy.?® The
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Table 2 Intraocular pressure, axial length, and choroidal thickness before and after trabeculectomy

N Trabeculectomy eye Fellow eye
Preoperatively Postoperatively P-value Preoperatively Postoperatively P-value
(mean t SD) (mean £ SD) (mean t SD) (mean £ SD)
IOP 14 266+76 72%26 <0.0001* 17+47 I5.5+6.1 0.22
Axial length 14 25.12+ 1.42 2486 + 1.43 <0.001* 25+ 1.52 2499 +1.52 0.62
Choroidal thickness
Fovea 14 206 + 64 254 + 64 <0.0001* 242 + 51 245+ 62 0.27
Superior to disc 10 164 £ 50 222 +49 <0.01* 189 £ 57 187 £ 66 0.78
Temporal to disc 10 140 +70 187 61 <0.01* 154 + 56 16l +57 0.06
Inferior to disc 10 123 + 50 188 + 57 <0.01* 117 +39 131 +44 0.09
Nasal to disc 10 159 +72 204 £ 67 <0.01* 171 + 64 181 +63 0.27

Note: *P < 0.05.
Abbreviations: N, number; SD, standard deviation; IOP, intraocular pressure.

changes in axial length should be affected by the anatomic
and physiologic characteristics of the outside tissues, such
as the choroid and the sclera. We found that the subfoveal
choroidal thickness increased significantly after trabeculec-
tomy, compared with preoperatively. However, the changes
in the subfoveal choroidal thickness were not correlated with
changes in the IOP. One explanation may be the individual
variations in the choroidal thickness. The choroid is thin in
myopic eyes and in older age.?® We also found that the chor-
oid at the fovea and around the optic disc in young highly
myopic patients with normal-tension glaucoma was thinner
compared with the choroid in age- and axial length-matched
healthy subjects.?? Chakraborty et al recently reported a
positive association between variations in IOP and axial
length and a negative association between axial length and
choroidal thickness during 12 hours of observation over two
consecutive days.’ Our findings suggest that the change in
choroidal thickness after filtering surgery-induced variations
in IOP might differ to those observed in normal diurnal varia-
tions in choroidal thickness. It needs to be clarified how the
circadian fluctuations differed between subjects and what
the significance of this is for the current study. Our recent
noteworthy finding was that the amplitudes of circadian
fluctuations in subfoveal choroidal thickness differed among
the subjects.” The average mean circadian fluctuation was
about 33 microns, and the largest fluctuation was 65 microns.
The smallest fluctuation in that study was 8 microns. In the
current study, the IOP, axial length, and choroidal thickness
were measured at 3 pm to eliminate some factors that are
affected by these circadian changes.

Diurnal fluctuations of the choroidal thickness are small,
stable, and consistent, whereas the fluctuations in the chor-
oidal thickness resulting from trabeculectomy may be large
and acute, because the decrease in IOP during trabeculectomy
occurs within a very short time. The decrease in IOP fol-
lowing trabeculectomy would cause changes in uveoscleral

outflow. It is well-known that some complications affect the
choroid during and after trabeculectomy, ie, maculopathy,
choroidal effusion, choroidal hemorrhage, and expulsive
hemorrhage resulting from hypotony.?”*' A choroidal or
expulsive hemorrhage especially is a particularly devastating
complication that usually results from a sudden reduction in
IOP with the rupture of a large choroidal vessel. We excluded
subjects with these complications that occurred as a result of
a substantial decrease in IOP after trabeculectomy. Increases
in choroidal thickness resulting from a sudden decrease in
IOP during trabeculectomy might be related to these chor-
oidal complications.

Abnormalities of the ocular circulation, such as loss of
autoregulation and a larger diurnal fluctuation of ocular blood
flow in patients with glaucoma, have been reported;!3323¢
some investigators have reported increased ocular blood flow
or ocular perfusion pressure after trabeculectomy.’’** A sig-
nificant increase in the optic nerve head blood flow also was
observed after trabeculectomy.***! In fact, we found increases

Table 3 Relationships between intraocular pressure, axial length
and choroidal thickness changes following trabeculectomy

Clinical Ophthalmology 2013:7

Factor N AIOP

Coefficient R? P-value
A Axial length 14 0.018 0.41 0.013*
Factor A Subfoveal choroidal thickness

Coefficient R? P-value
A IOP 14 0.069 0.08 0.32
A Axial length 14 0.0022 0.1 0.27
A Choroidal thickness N AIOP
around the optic disc Coefficient R? P-value
Superior 10 -0.8 0.025 0.65
Temporal 10 -2.97 0.36 0.06
Inferior 10 -3.56 0.42 0.04*
Nasal 10 -2.61 0.44 0.035*
Note: *P < 0.05. A, changes following trabeculectomy.
Abbreviation: |OP, intraocular pressure.
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Table 4 Total sum of axial length and subfoveal choroidal thickness before and after trabeculectomy

Trabeculectomy eye Fellow eye

Preoperatively Postoperatively P-value Preoperatively Postoperatively P-value
(mean £ SD) mm (mean 1 SD) mm (mean + SD) mm (mean £ SD) mm

2532+ 1.41 25.11 £ 1.42 0.004* 2524 £ 1.51 2524+ 1.53 0.83

Note: *P < 0.05.
Abbreviation: SD, standard deviation.
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