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Abstract
Introduction To determine whether trabeculectomy affects
postural-induced changes in intraocular pressure (IOP), and
whether it is maintained.
Methods Thirty-six eyes of 36 patients with open-angle glau-
comawhowere scheduled for their initial trabeculectomywith
adjunctive mitomycin C were prospectively examined. The
IOP was measured in the sitting and the lateral decubitus
position with an ICare rebound tonometer before, and 1, 3,
and 12 months after trabeculectomy.
Results Twenty-nine eyes of 29 patients completed this study.
The mean baseline IOP measured with the ICare tonometer
was 17.4±4.9 mmHg in the sitting position and 21.3±
5.6 mmHg in the lateral decubitus position (p<0.001). This
postural IOP difference, +3.9 mmHg, was reduced to +1.3±
1.7 mmHg at 1 month and to +0.8±1.5 mmHg at 3 months
after the trabeculectomy (p<0.001 and p00.004 respectively).
This decrease in the degree of posture-dependent IOP change
was maintained at +1.7±2.2 mmHg at 1 year postoperatively
(p<0.001). In three cases, the postural IOP changes returned
to the baseline level, and all three had a failed bleb.
Conclusions Our results indicate that trabeculectomy not only
reduces the IOP but also reduces the degree of posture-induced
changes in the IOP. Our findings also speculate that measuring
the postural IOP changes after trabeculectomy might provide a
clue on the functioning of a filtering bleb.

Keywords Postural intraocular pressure alteration .

Trabeculectomy . Filtering bleb . ICare rebound tonometer

Introduction

Glaucoma is a potentially blinding disease and is the second
leading cause of visual impairment, as shown in the Tajimi
Study conducted in Japan [1]. Although glaucoma is be-
lieved to be a multifactorial disease, there is little doubt that
intraocular pressure (IOP) plays an important role in the
development and progression of glaucomatous optic neu-
ropathy. Short- and long-term variations in the IOP have
been shown to occur because of altering physiological con-
ditions, including age, diurnal and seasonal cycles, and
postural alterations [2]. Thus, it is difficult to control all of
these variables to obtain an exact value of the IOP. In
addition, all of these factors make it difficult to determine
the effect of the IOP on the progression of glaucomatous
optic neuropathy. This is important, because it was recently
shown that not only absolute IOP but also its fluctuations
might be associated with the progression of glaucomatous
optic neuropathy [3, 4]. Of these factors, it was recently
shown that postural changes have a close association with
functional and morphological impairments in glaucoma [5, 6]
and also with the progression of glaucomatous visual field
defects [7].

At present, trabeculectomy is recommended to be the
first-line surgical therapy for eyes with glaucoma, even if
the IOP is within the normal range [8, 9]. In addition to a
greater IOP-lowering effect, trabeculectomy has been
reported to reduce the degree of IOP elevation after the
water drinking test [10]. Trabeculectomy has also been
shown to reduce the development of optic disc hemorrhages
[11].

There have been studies that investigated the posture-
induced changes in IOP after filtering surgery [12–15].
However, the conclusions of these studies are inconsistent,
and controversy still exists. Furthermore, there are no data
available on the effects of trabeculectomy over time on
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posture-induced IOP changes. Thus, the purpose of this
study was to compare postural IOP changes between before
and after trabeculectomy, and to investigate whether the
alterations were maintained for at least 1 year.

Materials and methods

Thirty-six eyes of 36 consecutive patients with open-angle
glaucoma (OAG), who received their first trabeculectomy with
adjunctive mitomycin C (MMC) at the Gifu University Hos-
pital between June 2008 and December 2009, were studied.
Preoperatively, the patients were using several ocular hypoten-
sive drugs. The procedures were approved by the Institutional
Review Board of Gifu University Graduate School of Medi-
cine. All patients were fully informed on the procedures and
gave their written consent before participation.

The preoperative diagnosis of OAG was made based on
the following criteria: (1) both eyes had a gonioscopically
normal open angle, (2) at least one eye had characteristic
visual field defects that corresponded to the location of the
glaucomatous disc excavation, and (3) neuroradiologic, rhi-
nologic, and general medical examinations did not disclose
any pathological conditions responsible for optic nerve
damage. A glaucomatous visual field loss was defined
as abnormal when the pattern deviation probability plot
showed a cluster of three or more non-edge contiguous
points having sensitivity with a probability of less than 5%
in the upper or lower hemi-field, and in one of these with a
probability of less than 1% on static automated perimetry
(Humphrey 30–2, Humphrey Field Analyzer, Humphrey
Instruments, San Leandro, CA, USA). A glaucomatous op-
tic nerve appearance was defined as the presence of a focal
or a diffuse defect of the optic disc rim to less than 10% of
the disc diameter. Patients with any conditions that might
induce glaucoma even in one eye were excluded. Also,
patients were excluded if they had a history of any intraoc-
ular surgery including laser therapy, or had any corneal
conditions that prevented reliable IOP measurements.
Patients were classified as having normal-tension glaucoma
if none of the recorded preoperative IOPs exceeded 21 mmHg
in both eyes.

At the baseline, all patients underwent ocular examina-
tions including refraction with an autorefractometer (Topcon
KP-8100PA, Tokyo, Japan), best-corrected visual acuity,
slit-lamp biomicroscopy, central corneal thickness (CCT)
measurement by ultrasonic pachymetry (SP-100 Handy
Pachymeter, Tomey, Japan), gonioscopy, direct ophthalmos-
copy, and perimetry by Humphrey Field Analyzer with the
central 30–2 program.

The IOP measurements were made with a Goldmann appla-
nation tonometer (GAT; Haag–Streit AG, Köniz, Switzerland)
at every visit. The IOP measurements with an ICare rebound

tonometer (ICare; Tiolat Oy, Helsinki, Finland) were made
before and at 1, 3, and 12 monthS after trabeculectomy, in the
afternoon by a single examiner throughout the experimental
period. To determine posture-induced IOP change, the IOPwas
first measured in a sitting position with the ICare rebound
tonometer. Then the patient was instructed to lie on the bed,
and to turn to the lateral decubitus position and the head was
placed on a soft pillow. The body was positioned so that the eye
scheduled for the surgery was located directly above the fellow
eye. The body position was maintained for 5 minutes, and the
IOP was measured in this position with the ICare tonometer.
The examiner asked the patients to gaze straight ahead to a
fixation point, and the IOPmeasurement wasmade by touching
the transducer to the center of the patients’ cornea. Three
consecutive sets of measurements, with six measurements for
each set, were made. The average of each set was made
automatically, and the averaged values were used for the sta-
tistical analyses.

A filtering surgery with antimetabolites was performed
when an eye was found to have a progression of the visual
field defects and was being treated with the maximum tolerable
medications. A modification of Cairns’ technique was used for
the trabeculectomy, as described elsewhere [16].

All of the patients were examined approximately 3 times/
year, with more frequent visits during the early postopera-
tive period. At each visit, the following ocular examinations
were performed: slit-lamp biomicroscopy, funduscopy, and
IOP measurements with the GAT. To maintain good control
of the IOP, the administration of topical ocular hypotensive
drugs and/or laser suture lysis (performed within 1 month
after trabeculectomy) were used when necessary. Cases of
serious intra- or postoperative complications were removed
from the study.

For further analyses, one eye was randomly chosen if both
eyes underwent filtering surgery. Paired or unpaired t-tests or
repeated measures analysis of variance (ANOVA), followed
by multiple comparison Bonferroni tests, were used to evalu-
ate the significance of the IOP changes. The level of signifi-
cance for each contrast was set at p<0.05. All statistical
analyses were performed using SPSS software version 16.0
(SPSS Japan, Tokyo, Japan.).

Results

Patients

Twenty-nine eyes of 29 patients completed and five patients
did not complete our protocol. Of these five, three patients
were removed from the study because of severe postopera-
tive complications; one developed a bleb-related endoph-
thalmitis within 3 months after the filtering surgery, and two
developed a flat anterior chamber at an early postoperative
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time. The other two participants had to be referred to other
hospitals because their families moved to another prefecture.

The preoperative demographic data of our final 29 partic-
ipants are shown in Table 1. All of the participants were
Japanese. The mean age was 56.8±8.7 years (± SD), and 18
were men. Fourteen had normal-tension glaucoma. The mean
baseline IOP with GAT was 16.4±3.7 mmHg. The preopera-
tive mean deviation was −17.04±7.04 decibels, and pattern
standard deviation was 13.00±2.42 decibels.

Postoperative intraocular pressures measured
with the Goldmann applanation tonometer (GAT)

The time course of the changes in the IOPs measured with
GAT are shown in Fig. 1 at the different postoperative times.
At one month after the filtering surgery, the average IOP was
reduced to 8.4±3.4 mmHg (p<0.001 versus baseline; Bonfer-
roni test). Thereafter, the average IOP was maintained at 8 to
9 mmHg, although the standard deviation of the IOP was
slightly larger (p<0.001 at 3 and 12 months after trabeculec-
tomy versus the baseline; Bonferroni test). In most cases (26
cases) a filtering bleb appeared to be thin-walled, moist, and
avascular or hypovascular at 12 months. However, two
patients had thick-walled, hypovascular filtering blebs with
relatively low height, and another had a flattened mildly
vascularized bleb. These three patients were considered to
be failed bleb, and required additional topical ocular hypoten-
sive therapy to maintain the IOP at the 12-month postopera-
tive period.

Posture-induced changes in intraocular pressures measured
with ICare rebound tonometer

The IOPs measured in the sitting and lying postures with the
ICare rebound tonometer are plotted in Fig. 2. The mean
baseline IOP with the ICare rebound tonometer was 17.2±
4.8 mmHg in the sitting position, and the IOP increased
significantly to 21.0±5.5 mmHg in the lateral decubitus posi-
tion (p<0.001; paired t-test). One month after trabeculectomy,
the IOP in the sitting position was reduced significantly to

9.6±4.0 mmHg, and that in the lateral decubitus position to
10.9±4.5 mmHg. The difference in the IOP in the sitting and
lateral decubitus position was still significant (p<0.001;
paired t-test). At 3 months postoperatively, the IOP in the
sitting position was 9.1±3.7 mmHg and that in the lateral
decubitus position was 10.0±4.0 mmHg (p00.004; paired t-
test), and at 12 months postoperatively, the IOP in the sitting
and the lateral decubitus position was 10.5±4.9 mmHg and
12.2±6.7 mmHg, respectively (p<0.001; paired t-test). The
degree of reduction of the posture-induced IOPs relative to the
baseline difference was significant at 1 month, 3 months, and
12 months postoperatively (p<0.001, p<0.001, and p00.001
respectively; Bonferroni test; Fig. 3). In the three cases that
required topical ocular hypotensive agents, the postural IOP
changes were larger, at 5 to 9 mmHg, than those in the other
cases with no medications at 12 months.

Discussion

Our results showed that trabeculectomy not only reduced the
IOP significantly, but also significantly reduced the degree of
posture-induced changes in the IOP. These changes were main-
tained for at least 1 year after the operation if the filtering bleb
was functioning. At present, data on posture-induced changes
in the IOP following trabeculectomy are contradictory. Parsley
et al. measured IOP in the standing, sitting, and supine position
in eyes that had undergone trabeculectomy within 6 years, in
the non-operated, medically-treated chronic OAG eyes, and in
the control eyes [13]. They found that a change from the sitting
to supine position led to a mean IOP increase of 5.49 mmHg in
the trabeculectomized eyes and 4.02 mmHg in the non-
operated OAG eyes, and 0.9 mmHg in the control eyes [13].
Earlier, Anderson and Grant reported that the rise in the IOP
after a postural change was much larger following glaucoma
surgery (2.83 mmHg) than in eyes treated with pilocarpine
(0.75 mmHg) [12]. Contrary to the above previous reports,
Hirooka et al. reported that the averaged IOP difference be-
tween the sitting and supine positionwas reduced by 1.9mmHg
from the baseline 3 months after trabeculectomy [14]. More

Table 1 Demographics
data of participants

IOP0intraocular pressure;
GAT0Goldmann
applanation tonometer

Values are mean±standard
deviation (range)

Gender (men/women): Eighteen cases/ 11 cases

Age (years): 56.8±8.7 (41–72)

Right eye/Left eye 14 eyes/15 eyes

Best corrected visual acuity (logMAR): −0.15±0.42 (−1.70 to +0.18)

Spherical equivalent refraction (diopters): −5.37±4.50 (−14.00 to +1.38)

Central corneal thickness (μm): 521.6±25.6 (482–569)

IOP with GAT (mmHg): 16.4±3.7 (10.3–24.0)

Humphrey program central 30–2:

Mean deviation (dB) −17.04±7.04 (−28.70 to−3.08)

Pattern standard deviation (dB) 13.00±2.42 (6.97–16.78)
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recently, Weizer et al. found that the posture-induced IOP
change was significantly smaller in the trabeculectomized
eyes than in the non-operated contralateral eyes (4.6 mmHg
versus 6.1 mmHg) [15]. Furthermore, they also demonstrated
that decreased bleb height, absence of microcysts, and in-
creased bleb vascularity were associated with larger postural
IOP changes [15]. Our findings are compatible with those of
Hirooka et al. and Weizer et al.

Most of the earlier studies on posture-induced IOP changes
used pneumatic tonometers [2], while we used the ICare

rebound tonometer to measure the IOP. The advantages of
the ICare tonometer is that the measurements can obtained
quickly, it is easy to use, does not require topical anesthesia,
and affordable for use on all patients including children. In
addition, the ICare IOP values are reproducible [17], although
earlier studies [17–20] reported that the ICare IOP values were
higher by 0.5 to 2.0 mmHg than the GAT values. Another
study showed that the ICare values were acceptable substitute
to those obtained by GAT, especially in eyes with low to
moderate IOPs [19]. For our study, the ICare tonometer
allowed us to measure IOP in the two body positions easily.

At present, there is limited information on IOP in the lateral
decubitus position. Most of earlier studies compared the IOP
changes from the sitting to the supine positions. The differ-
ences in IOP for these two body positions ranged from 1.6 to
8.6 mmHg in eyes with glaucoma [2, 5, 12, 13]. Our ICare
IOPs obtained in the lateral decubitus position were signifi-
cantly higher (mean of 3.8 mmHg) than those in the sitting
position. Although there are difficulties in comparing our data
with those of earlier studies, our result seemed to be compat-
ible with them. For example, in 20 patients undergoing lung
surgery, Hwang et al. reported that the IOP values in the
dependent eyes (the lower located eye in the lateral decubitus
position) were significantly higher in the anesthetized lateral
position than that in the awake prone position 5 minutes after
the postural change [21]. These differences were not found in
the non-dependent eyes (the upper located eye in the lateral
decubitus position) [21]. However, the authors did not com-
pare the IOP in the lateral decubitus position with that in the
sitting position, and also found that the IOP in the supine
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IOP in the sitting position was 9.1±3.7 mmHg and 10.0±4.0 mmHg in the
lateral decubitus position (p00.004; paired t-test). At 12 months postoper-
atively (n029), the IOP in the sitting position was 10.5±4.9 mmHg and
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Fig. 3 The postural intraocular pressure (IOP) differences between the
sitting position (SP) and the lateral decubitus position (LDP). The
differences in the postural IOP decreased statistically significantly
from the baseline values at 1 month (n029), 3 months (n029), and
12 months (n029) postoperatively (p<0.001, p<0.001, and p00.001
respectively; Bonferroni test). However, in three cases with a failed
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than the remaining cases with successful trabeculectomy at 12 months.
The open squares, the upper and lower bars indicate 25–75%, 95%,
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position just after the anesthetic induction was lower by 4 to
5 mmHg than the IOP in the lateral decubitus position after
anesthesia, even in the non-dependent eye. The posture-
dependent IOP changes seem to occur rapidly within 5
minutes after changing the position, as was shown in normal
human eyes [21, 22], and in dog eyes without glaucoma [23].
There were two reasons why the IOP was measured in the
lateral decubitus position in the non-dependent eye in our
study. The first reason was the ease of measuring the IOP in
the non-dependent eye compared to the dependent eye, which
might lead to higher reproducibility of our results. The other
reason was based on our preliminary data in eyes of normal
volunteers, which showed that the IOP in the dependent eye
was slightly higher than that in the non-dependent eye. How-
ever, the IOP in the lateral decubitus position was significantly
increased compared to that in the sitting position, even in the
non-dependent eye (data not shown).

Other possible controversial issue is whether the original
IOP level would affect the amount of the posture-induced
variation in IOP. Armaly and Slamoun found no significant
difference in posture-induced IOP rise, irrespective of the
original IOP level [24]. On the other hand, Hetland-Eriksen
concluded that there was a significant association between
the IOP level in the sitting position and the amount of the
IOP rise when changing to the supine position [25]. There-
fore, it still remains to be elucidated whether decreasing
posture-induced IOP elevation, as observed in our present
study, is attributable to an additional ability of trabeculec-
tomy or low IOP itself. However, our preliminary study in
eyes whose IOPs maintain at a level below 11 mmHg with
GAT shows that the posture-induced IOP change in the
trabeculectomized eyes was significantly smaller than that
in the medically-treated eyes without any surgical interven-
tions (data not shown). Based on our preliminary results, it
seems to be unlikely that low IOPs influence the fluctuation
due to the body positions.

The mechanism that causes the posture-induced IOP
changes has not been determined, although some authors
have hypothesized that it is due to choroidal vascular con-
gestion and increased episcleral venous pressure, and might
be unrelated to aqueous production [2]. Trabeculectomy
yields a newly aqueous pathway through the filtering bleb
independent of the episcleral veins, and the use of anti-
proliferative agents helps to create an escape area from
flourishing vessels. Therefore, it seems reasonable that tra-
beculectomy will suppress posture-induced IOP alterations.
However, there was still a significant IOP difference be-
tween the sitting and the lateral decubitus position after
filtering surgery, indicating a limitation of trabeculectomy
in eliminating postural IOP alterations completely.

There are limitations of our study, which include the rela-
tively small number of patients, dependence on each clini-
cian’s discretion in the choice of the ocular hypotensive agents

prescribed, and whether laser suture lyses should be per-
formed to preserve the function of the filtering bleb. However,
a report found no significant relationship between the admin-
istration of some ocular hypotensive agents and postural IOP
changes in NTG patients [26]. A second limitation that our
study was hospital-based. And a third limitation was that we
did not conduct ultrasound biomicroscopy (UBM) to assess
the inner structure of the filtering bleb.

In summary, successful trabeculectomy with adjunctive
MMC will reduce not only the absolute IOP but also the
degree of posture-induced IOP changes for at least 1 year.
Additionally, measuring postural IOP changes might be a
method for assessing whether a filtering bleb is functioning.
However, further longer follow-up and large-scale investiga-
tions would be required to address this issue.
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