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Background: The purpose of this study was to investigate the relationship between retrobulbar
circulation and visual field change in eyes with primary open-angle glaucoma following unilateral
trabeculectomy.
Methods: Twenty-one patients with primary open-angle glaucoma were prospectively
enrolled. Retrobulbar circulation was evaluated using color Doppler imaging. The peak
systolic velocity, end-diastolic velocity, and resistive index were evaluated in the central
retinal artery, temporal site of the short posterior ciliary artery (t-SPCA), and nasal site of
the short posterior ciliary artery (n-SPCA). Visual field examinations were performed using a
Humphrey visual field analyzer before surgery and trimonthly for 12 months postoperatively.
Results: In the operative eyes, the end-diastolic velocity was significantly increased in the central
retinal artery (P = 0.005, analysis of variance), t-SPCA (P = 0.005), and n-SPCA (P = 0.027).
The resistive index was significantly decreased in the central retinal artery (P = 0.003), t-SPCA
(P = 0.000), and n-SPCA (P = 0.010) postoperatively compared with preoperatively. The
nonoperative contralateral eyes did not show a significant change in end-diastolic velocity or
resistive index for either the SPCA or central retinal artery. The mean deviation slope in the
operative eyes (−0.26 ± 0.64 dB/year) was significantly slower than that in the nonoperative
eyes (−0.65 ± 0.70 dB/year; P = 0.047, Mann-Whitney U test).
Conclusion: These results suggest that trabeculectomy improves the retrobulbar circulation and prevents the progression of visual field changes in patients with primary open-angle
glaucoma.
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Intraocular pressure is the most important known risk factor for the onset and progression of primary open-angle glaucoma, and its reduction remains the only evidencebased intervention found to slow or halt disease progression. Although medical therapy
delays the progression of visual field defects, greater intraocular pressure reduction can
often be achieved with filtration surgery. Surgical intervention may produce greater
intraocular pressure reduction and fewer intraocular pressure fluctuations than medical
treatment, thus preventing future visual field loss better than medical therapy.1–5
In addition to the reduction in intraocular pressure, the effects of treatment for glaucoma on ocular blood flow also have important clinical implications. Trabeculectomy is
commonly performed in patients with glaucoma when medical therapy has failed to control intraocular pressure. Because of the large intraocular pressure reduction, the patient
can expect a significant increase in the ocular perfusion pressure after trabeculectomy.
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An increase in ocular blood flow in patients undergoing
trabeculectomy has been shown in several reports,6–9 but not
in all studies.10,11 The reasons for the discrepancies remain
to be elucidated, but may be related to the use of different
techniques, heterogeneous patient groups, small sample sizes,
and the confounding effects of ocular hypotensive agents.
To the best of our knowledge, no published clinical report
has evaluated the relationship between ocular hemodynamics
and visual field progression after surgical intraocular pressure
reduction at each postoperative visit.
The purpose of this study was to investigate the effect of
trabeculectomy on retrobulbar blood flow in patients with
primary open-angle glaucoma using color Doppler imaging
and to evaluate the effect of intraocular pressure reduction
in preventing the progression of visual field defects.

Materials and methods
Patients
This study protocol was approved by the ethics review
committee of the Nihon University School of Medicine,
Tokyo, Japan. Subjects for whom trabeculectomy with
adjunctive mitomycin C was planned were studied between
January 2003 and February 2004 at the Glaucoma Service,
Nihon University Hospital, Tokyo, Japan. Subjects meeting
the inclusion criteria were enrolled in this study after written
informed consent for participation in the study was obtained.
The inclusion criteria were: primary open-angle glaucoma
with intraocular pressure that was considered unsatisfactory
despite maximum tolerable medication; no history of operative procedures including filtering, cataract, and refractive
surgery, but excluding laser trabeculoplasty, in either eye
before the study; the absence of other coexisting ocular or
systemic disorders, including cataract that may affect visual
field examination; preoperative best corrected visual acuity
at least 40/50; and two or more reproducible visual field
examination results using the Swedish interactive threshold
algorithm standard 24-2 program of the Humphrey visual
field analyzer (Carl Zeiss Meditec, Dublin, CA) before
trabeculectomy.
Finally, 21 patients with primary open-angle glaucoma
(mean age 64.7 ± 11.2 years; 15 males and six females) were
enrolled in the study. Four patients received topical antiglaucoma monotherapy, 10 patients received two types of topical
antiglaucoma medication, and the remaining seven patients
received three types of topical antiglaucoma medication at the
time of preoperative assessment. Seventeen patients received
0.005% latanoprost, 17 patients received 0.5% timolol, and
eight patients received 1% dorzolamide.
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Trabeculectomy
The surgery was performed by the same surgeon (YY),
and the surgical technique was the same in every subject.
Trabeculectomy was performed with a limbus-based conjunctival flap. After a 4 × 4 mm scleral flap was prepared,
0.04% mitomycin C in a cut surgical sponge was applied to
the bared sclera for 3 minutes. The operative field was washed
with 200 mL of balanced salt solution. Following resection of
a 1 × 3.5 mm sclerocorneal block and peripheral iridectomy,
the flap was closed with 10–0 nylon sutures, which were
adjusted so that slight leakage around the margin of the flap
was observed without decreasing the depth of the anterior
chamber. Postoperative medications comprised a topical
corticosteroid and antibiotic, each given four times daily, and
1% atropine once daily.12 Corticosteroids were used to inhibit
inflammation and fibrosis for 8–10 weeks. Broad-spectrum
antibiotics were used as theoretical prophylaxis against bleb
infection and endophthalmitis for 4 weeks. The 1% atropine
was continued for 4–6 weeks to deepen the anterior chamber
and reduce the risk of postoperative malignant glaucoma.
Topical antiglaucoma medications were discontinued in the
operated eye. If necessary, laser suture lysis or needle bleb
revision was performed. Topical antiglaucoma medications
for the nonoperative eyes and systemic medications remained
unchanged before and after surgery.

Clinical follow-up
Prior to surgery, all patients underwent a comprehensive examination. Baseline data were obtained within one month before the
trabeculectomy. Measurement of equivalent spherical diopter
power (refraction) and best corrected visual acuity, slit-lamp
examination, Goldmann applanation tonometry, gonioscopy,
visual field examination with the 24-2 Swedish interactive
threshold algorithm standard programs of the Humphrey
visual field analyzer, and dilated funduscopy were performed.
Baseline visual field examination had reliability indices of
less than 25% fixation losses, false-positive responses, or
false-negative responses. Visual fields with unreliable test
results or those with results that were incompatible with the
previous results were retested. Brachial arterial pressure was
also measured with a standard sphygmomanometer. The ocular
perfusion pressure was calculated by the following formula:
Ocular perfusion pressure = mBP × 2/3 - Intraocular
pressure,
where mBP was the mean brachial arterial pressure.
Hemodynamics in the short posterior ciliary arteries
(SPCAs) and central retinal artery were evaluated using a
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color Doppler imaging scanner (SSA-550A, Toshiba, Japan)
with a 7.0 MHz sector-phased transducer (PSM-70AT;
Toshiba) to acquire the Doppler spectral analysis information.
The estimated in situ spatial real-time average intensity
determined by spectral analysis was 32 mW/cm2, which is
within Food and Drug Administration safety guidelines.
Color Doppler imaging examinations were carried out with
the patient in a sitting position and eyes closed. Each eye was
initially examined with a B-scan in both the transverse and
sagittal planes. Using the color flow as a map, the central
retinal artery was identified and analyzed in the center of the
optic nerve shadow, as far forward as possible but always well
behind the area of the lamina cribrosa. SPCAs are multiple
and varied in number,13 so it is impossible to know how many
of the vessels are being imaged simultaneously. However, the
SPCAs could be depicted in the nasal and temporal positions
from the optic nerve shadow with the probe in a transverse
plane. The SPCAs were identified and analyzed in the nasal
(n-SPCA) and temporal sites (t-SPCA) adjacent to the optic
nerve and posterior to the sclera with the probe in the transverse plane. The vessels were identified by a consistent color
flow pattern in the site before specific spectral measurements
of the vessel were made. If more than one SPCA was visible,
the velocity was measured in the largest one. From these data,
three values were obtained, ie, the peak systolic velocity, the
end-diastolic velocity, and the resistive index. The resistive
index was calculated according to the following formula:
Resistive index = (Peak systolic velocity - End-diastolic
velocity)/Peak systolic velocity.
Postoperative assessments were performed every
3 months until 12 months after surgery. All procedures at the
preoperative examination (described above) were repeated
for each of these evaluations. The blood flow measurements were performed with color Doppler imaging in the
same site as the baseline measurement with reference to
the preoperative B-scan image. The visual field examinations with the 24-2 Swedish interactive threshold algorithm
standard programs of the Humphrey visual field analyzer
were also performed with the same schedule as used for the
color Doppler imaging examinations. When the visual field
examinations could not fulfill the reliable indices, a retest
was performed within one week. The progression of visual
field changes was qualitatively assessed by modified linear
regression analysis of the mean deviation of the visual field
obtained during the preoperative and postoperative period
using a statistical analysis package (STAPAC 2; Carl Zeiss
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Meditec, Dublin, CA), and the mean deviation slope in decibels (dB) per year was calculated.

Statistical analysis
Analysis of variance (ANOVA) for repeated measures was
used to evaluate the postoperative changes in intraocular
pressure, ocular perfusion pressure, color Doppler imaging
parameters, and mean deviation. Mann-Whitney U tests
were used to investigate the mean deviation slope. A P value
of , 0.05 was considered to be statistically significant.

Results
All 21 patients with primary open-angle glaucoma who
met the inclusion criteria completed the follow-up plan of
12 months. The intraocular pressure, mBP, and ocular perfusion pressure during the preoperative and postoperative
follow-up periods are shown in Figures 1–3. In the operative
eyes, the intraocular pressure was significantly decreased
(P = 0.001, ANOVA) and the ocular perfusion pressure
was significantly increased (P = 0.004, ANOVA) postoperatively. However, in the nonoperative contralateral eyes, the
intraocular pressure and ocular perfusion pressures did not
change significantly at any of the postoperative time points.
There was no significant change in mBP from baseline at
any time point.
The operative eyes showed improvement in retrobulbar
hemodynamics after trabeculectomy. Figure 4 shows the
changes in blood flow velocities and resistive index for the
central retinal artery. The operative eyes showed significantly
increased end-diastolic velocity from baseline after surgery
(P = 0.005, ANOVA). Vascular resistance, as measured by the
resistive index, was significantly reduced from baseline after
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Figure 1 Comparison of IOP at each postoperative interval between operative
(closed circles) and nonoperative (open circles) eyes.
Notes: Error bars indicate the standard deviation of the mean. There was a
significant decrease in IOP in operative eyes (P = 0.001).
Abbreviation: IOP, intraocular pressure.
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surgery (P = 0.003, ANOVA), whereas the peak systolic velocity did not show a significant change at any of the time points.
The SPCA demonstrated a statistically significant postoperative
change (Figures 5 and 6). The t-SPCA showed a significantly
increased end-diastolic velocity (P = 0.005, ANOVA) and a
significantly decreased resistive index (P = 0.000, ANOVA)
postoperatively. The n-SPCA also had a significantly increased
end-diastolic velocity (P = 0.027, ANOVA) and significantly
decreased resistive index (P = 0.010, ANOVA) postoperatively. The nonoperative contralateral eye did not show a
significant change in end-diastolic velocity or resistive index
for either the SPCA or central retinal artery.
Table 1 shows the postoperative mean deviation change
and mean deviation slope. The mean deviation in the
operative eyes did not show significant changes postoperatively, whereas the nonoperative eyes showed significant
deterioration (P = 0.011, ANOVA). The mean deviation
slope was −0.26 ± 0.64 dB/year in the operative eyes
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and −0.65 ± 0.70 dB/year in the nonoperative eyes. The difference in mean deviation slope between the operative eyes
and nonoperative eyes was statistically significant (P = 0.047,
Mann-Whitney U test).
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Figure 3 Comparison of OPP at each postoperative interval between operative
(closed circles) and nonoperative (open circles) eyes.
Notes: Error bars indicate the standard deviation of the mean. There was a
significant increase in OPP in operative eyes (P = 0.004).
Abbreviation: OPP, ocular perfusion pressure.
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Figure 4 Comparisons of blood flow velocity in the central retinal artery at each
postoperative interval between operative (closed circles) and nonoperative (open
circles) eyes. (A) PSV. (B) There was a significant increase in the EDV of the central
retinal artery in operative eyes (P = 0.005). (C) Significant decreases in the resistive
index of the central retinal artery were seen in operative eyes (P = 0.003).
Note: Error bars indicate the standard deviation of the mean.
Abbreviations: EDV, end-diastolic velocity; PSV, peak systolic velocity.
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Figure 2 Time course change in mean BP.
Note: Error bars indicate the standard deviation of the mean.
Abbreviation: BP, blood pressure.
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Discussion
The present study demonstrates that trabeculectomy associated with a decreased intraocular pressure produces statistically significant and sustained changes in the retrobulbar
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Figure 5 Comparisons of blood flow velocities in the temporal site of the short
posterior ciliary artery at each postoperative interval between operative (closed
circles) and nonoperative (open circles) eyes. (A) PSV. (B) EDV. There was a significant
increase in the EDV of the temporal site of the short posterior ciliary artery in operative
eyes (P = 0.005). (C) Significant decreases in the resistive index of the temporal site of
the short posterior ciliary artery were seen in operative eyes (P = 0.000).
Note: Error bars indicate the standard deviation of the mean.
Abbreviations: EDV, end-diastolic velocity; PSV, peak systolic velocity.

circulation of patients with primary open-angle glaucoma.
The findings of the present study are comparable with those
reported by several investigators.6–8,14 In the present study,
there was a correlation between the increase in ocular perfusion pressure and the changes in ocular hemodynamic
variables measured with color Doppler imaging after trabeculectomy, indicating that the ocular blood flow response
was due to the reduction in intraocular pressure.
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Figure 6 Comparisons of blood flow velocities in the nasal site of the short
posterior ciliary artery (SPCA) at each postoperative interval between operative
(closed circles) and nonoperative (open circles) eyes. (A) PSV. (B) There was a
significant increase in the EDV of the temporal site of the SPCA in operative eyes
(P = 0.005). (C) Significant decreases in the resistive index of the temporal site of
the SPCA were seen in operative eyes (P = 0.003).
Note: Error bars indicate the standard deviation of the mean.
Abbreviations: EDV, end-diastolic velocity; PSV, peak systolic velocity.

Among the semiologic methods used to evaluate the vascular component in glaucoma, color Doppler imaging seems
to be the most valuable because it is noninvasive and reproducible. It probably provides the most useful data, allowing
study of the vessels that are more involved in supplying
blood to the optic nerve head. The most indicative parameters of optic nerve head perfusion are end-diastolic velocity and resistive index. End-diastolic velocity is indicative
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Table 1 Comparison of mean deviation (MD) change and MD slope
Operative eyes (dB)
Nonoperative eyes (dB)

Before

3 months

6 months

9 months

12 months

P value

MD slope (dB/year)

-19.7 ± 5.6
-8.8 ± 8.0

-19.6 ± 5.7
-10.2 ± 8.4

-20.3 ± 5.4
-9.3 ± 8.3

-19.8 ± 5.3
-9.8 ± 8.8

-20.4 ± 5.1
-9.5 ± 8.4

0.194
0.011

-0.26 ± 0.64#
-0.65 ± 0.70#
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Notes: Values are mean ± standard deviation. P values were derived by ANOVA for repeated measures. #P = 0.047 (Mann-Whitney U-test).
Abbreviations: MD, mean deviation; dB, decibel.

of the average blood flow during the longest phase of the
circadian cycle, which represents an instantaneous variation
in blood flow. Resistive index, the most reproducible and
reliable color Doppler imaging parameter, is a measure of
peripheral vascular resistance, with lower values indicating decreased impedance in the territory supplied by the
examined vessel.15
Evidence of decreased autoregulatory capacity in
patients with glaucoma was provided by a previous report.16
In the present study, there was a correlation between the
increase in ocular perfusion pressure and the change in
ocular hemodynamic parameters measured with color
Doppler imaging, indicating that the ocular blood flow
response was due to reduction of intraocular pressure
postoperatively.
The present study revealed significant visual field deterioration in nonoperative eyes; however, operative eyes showed
postoperative stability of visual field defects. We previously
reported that eyes with stable visual field defects in patients
with primary open-angle glaucoma showed a significantly
higher end-diastolic velocity and a lower resistive index in
retrobulbar blood flow compared with eyes with progressive
visual field defects.15 It has been proposed that the retrobulbar
circulation is correlated with the risk of visual field deterioration in patients with primary open-angle glaucoma.16,17 Our
results suggest that changes in retrobulbar circulation, which
correlate with intraocular pressure reduction, could delay the
progression of visual field defects. However, detection of
visual field progression requires understanding of variability,
the magnitude of change that is considered clinically significant, and the number of visual field examinations required to
detect visual field changes with adequate statistical power.18
In the present study, the visual field examination frequency
was low and the postoperative observation period may have
been too short to identify the progression of visual field
changes. Furthermore, there are several definitions for the
progression of glaucomatous visual field defects. Further
studies are needed to clarify the relationship between the
change in retrobulbar circulation and progression of visual
field defects after trabeculectomy.
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In contrast with the present study, others have reported
that, despite a significant reduction in intraocular pressure,
there were no significant differences in any ocular blood flow
parameters before and after trabeculectomy.10 However, in
these studies, a washout period for antiglaucoma medications before trabeculectomy was not included.10 There is a
possibility that the topical antiglaucoma medications may
have influenced ocular hemodynamics, and thus may have
had a confounding effect on the postoperative evaluation.
The effect of antiglaucoma medications on retrobulbar
hemodynamics is still controversial.19–26 However, the effect
mostly disappeared at least 4 weeks after discontinuation. For
ethical reasons, it is clinically impossible to discontinue topical antiglaucoma medications for more than 4 weeks before
trabeculectomy. In the present study, there was no change in
topical antiglaucoma medications before and after surgery in
the nonoperative contralateral eyes. However, postoperative
discontinuation of the prescribed medication in the operative
eyes might have had some effect on the retrobulbar circulation. The effects of topical therapy on ocular blood flow
require additional studies.
The present study demonstrates that surgical reduction of
intraocular pressure is effective in delaying visual field progression. However, cataract formation is the most prominent
postoperative complication after trabeculectomy, possibly
overshadowing the beneficial effect of intraocular pressure
reduction on the progression of visual field defects.27 If it were
not for the visual effects of cataract, many patients would
be more satisfied with their postoperative vision. We must
consider adjusting the treatment modality to improve the
quality of vision for individual patients; for example, triple
procedures for patients with glaucoma who are apparently
destined to develop cataract.
In conclusion, the present study demonstrated a significant
increase in end-diastolic velocity and decrease in resistive
index in the central retinal artery and SPCA in the operated
eyes of patients with primary open-angle glaucoma compared
with the nonoperative contralateral eyes. The visual field
defects were stable in the operative eyes but progressive in
the nonoperative contralateral eyes. These findings suggest
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that trabeculectomy may improve the retrobulbar circulation
and prevent visual field defect progression in patients with
primary open-angle glaucoma. Further longitudinal studies
are needed to investigate the relationship between retrobulbar
circulation and visual field defect progression in patients
with glaucoma.
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