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Postural change of IOP in normal persons and in
patients with primary wide open-angle glaucoma
and low-tension glaucoma
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SUMMARY The values of intraocular pressure (IOP) measurements by an Alcon pneumatic
tonometer and a Goldmann applanation tonometer were found to be close, with a correlation
coefficient of 0-92. Measured by the pneumatonograph the IOP after 30 minutes in the supine
position was highest in normal persons, in patients with primary wide open-angle glaucoma and
low-tension glaucoma. The greatest difference in IOP between subjects sitting and supine was

observed in patients with low-tension glaucoma.

Many authors have discussed the change of IOP
measured by various tonometers in the sitting and
supine positions. `-6 However, methodologically7"
Schi0tz's tonometer presents problems in measuring
IOP9 in subjects sitting down, and there is also the
problem of scleral rigidity. "' The reported data
showed that there was an average rise in IOP of about
1 to 2 mmHg in subjects lying down."-'5 The best
method is to employ an Alcon pneumatic tonometer
for measuring IOP in subjects either sitting or lying
down.'6-'8 It is very important in the treatment of
glaucoma patients to know the postural change of
lOP.
The purpose of this paper is to report the postural

change of IOP in normal persons and in patients with
primary wide open-angle glaucoma and low-tension
glaucoma by measuring it with an Alcon pneumatic
tonometer.

Materials and methods

The materials consisted of20 normal persons (average
age 67*6, SD 13-1 years), 20 patients with primary
wide open-angle glaucoma (average age 60-8, SD
20*6 years), and five patients with low-tension
glaucoma (average age 63-3, SD 16-8 years).
An Alcon pneumatic tonometer was used for both

the sitting and the supine positions. A Goldmann
Correspondence to Professor S. Tsukahara, Department of Oph-
thalmology, Yamanashi Medical Collegc, Tamaho, Yamanashi,
Japan 409-38.

tonometer was used only for the sitting position. In 20
normal eyes the relationship between the IOP
measurement with the Goldmann tonometer and the
Alcon pneumatonograph (PTG) was examined in the
sitting position. In all procedures one drop of 0-4%
oxybuprocaine was instilled into both eyes. The IOP
was measured in the right eye in the same room
between 10 and 12 o'clock in the morning. No pillow
was allowed. Glaucoma patients had not received
treatment for 3 days prior to the test.
The order of the measurements is shown in Fig. 1.

First, Goldmann applanation readings were taken
with the subjects seated. Immediately after that IOP

Goldmann applanation tonometer(sitting)

Pneumatonograph (sitting)
I~~~~i
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Fig. 1 Order ofmeasurements.
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Fig. 2 Comparative IOP measurements using Goldmann
applanation and Alcon pneumatic tonometer with patients
seated. Numberofeyes=45. Correlationcoefficient=0-91.
Regression equation y=0-12+0-93x. Goldmann applanation
tonometry -PTG=0 91 (SD 1 53) mmHg.

was measured with PTG in the same position. The
patients then lay flat on the bed without a pillow
about 1 m away from the tonometer and were
measured again with PTG. They were measured again
with PTG after 30 minutes. Finally, the subjects sat in
the chair in front of the slit-lamp and were measured
again for IOP with PTG and the Goldmann
tonometer.
The Alcon pneumatonometer was calibrated each

day before use. The value of measurements with
PTG was judged by the mean level of the recorded
pulse wave. All measurements were made by the
same examiner.

Results

Fig. 2 shows the correlation between Goldmann
applanation and the PTG tonometer on subjects in
the sitting position. The mean difference in IOP
between the Goldmann applanation tonometer and
the PTG tonometer was 2-8, SD 0-83 mmHg. The
former tended to be higher than the latter. Both were
in close agreement with a correlation coefficient of
0-92. In the conrols the mean applanation IOP
recorded in the sitting position with the PTG ton-
ometer was 13-0, SD 1-86 mmHg, and 14-0, SD 2-14
mmHg with the Goldmann applanation tonometer
(Table 1).
The IOP measured after 30 minutes in the supine

position by PTG tonometry was highest in normal
persons, lower in the patients with primary wide

open-angle glaucoma and with low-tension glaucoma
(Tables 1, 2, 3).
The mean difference in IOP between the sitting

and supine positions was 5*6, SD 1-71 mmHg in the
normal persons, 6*5, SD 2.66 mmHg in the patients
with primary wide open-angle glaucoma, and 8-6, SD
3-5 mmHg in the patients with low-tension glaucoma
(Fig. 3). It should be pointed out that the most signifi-
cant difference was observed in the patients with
low-tension glaucoma.

Discussion

Many authors have reported on the correlation of
IOP between the Goldmann and the Alcon
PTG.18-22 Some of them used the Goldmann ton-
ometer with subjects in the sitting position and the
Schi0tz tonometer for the supine position. In these
experiments the Goldmann tonometer proved of
more value than the PTG. Moreover, some of the
workers observed that the rise in pressure when
patients become supine is higher in glaucomatous
eyes." 12 16 We have confirmed this, and the IOP by
the Alcon PTG was 1-5 mmHg greater than by the

Table 1 Normal eyes (20 eyes, average ages 67-6,
SD 13-1 yr)

IOPmmHg (±SD)

Goldmann applanation tonometry (sitting) 14(0±2-14
Pneumatonograph (sitting) 13-0±1(86
Pncumatograph (supinc) 16 9±2-63
Pncumatograph (30 min supine) 1839±2-65
Pncumatograph (sitting) 13-1±2-52
Goldmann applanation tonometry (sitting) 13X8±2-52

Table 2 Primary wide open angle glaucoma eyes (20 eyes,
average ages 60-8, SD 20-6 yr)

IOPmmHg (±SD)

Goldmann applanation tonometry (sitting) 18X3±3-42
Pneumatonograph (sitting) 171 ±40()
Pneumatograph (supine) 20(3±4-15
Pncumatograph (30 min supine) 23-6±520)
Pneumatograph (sitting) 18-6±4-72
Goldmann applanation tonometry (sitting) 19-1±4-44

Table 3 Low-tension glaucoma eyes (5 eyes, average ages
63-3, SD 16.8 yr)

IOPmmHg (±SD)

Goldmann applanation tonometry (sitting) 13)±±1-67
Pncumatonograph (sitting) 13-8±2-4)
Pncumatograph (supinc) 19-8± 194
Pncumatograph (30 min supinc) 22-4±1-62
Pncumatograph (sitting) 15-)±00()
Goldmann applanation tonometry (sitting) 13-4±15(0
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Postural change ofIOP in normalpersons and in patients with glaucoma
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Goldmann tonometer in the same position. This dif-
ference is thought to be due to the correction of gain
in the PTG tonometer.
At present it- is generally accepted that measure-

ments of IOP in the sitting and supine positions are
best taken with the Alcon PTG. However, some
problems still remain. Krieglstein et al.22 found a
non-linear relationship between IOP increase and
body position by measuring IOP in different body
positions from 60° semiupright to 300 with the head
down. The IOP postural response in individual
subjects was roughly correlated with ophthalmic
arterial pressure and with the episcleral venous
pressure postural response. It is concluded that the
IOP postural response depends on arterial and venous
vascular changes when the subject moves from an
erect to a horizontal position. The IOP measured in
the supine position will be influenced by the use of a
pillow and its thickness though pillows were not used
in this study. Various reasons have been given to
explain the rise of IOP in the recumbent position.
Weber and Price23 found an average rise in the IOP

of 6 mmHg in 177 eyes of subjects in the sitting and
supine positions by measuring with PTG. They
claimed that this increase in the diastolic ophthalmic
arterial pressure would be transmitted to the intra-
ocular blood vessels, causing them to dilate. They
also indicated the possibility that it might be of
importance in the treatment and early detection of
glaucoma to demonstrate a larger postural IOP
response in glaucomatous eyes. Obtaining a greater
postural rise of IOP in a given eye might be another
diagnostic factor in glaucoma. 16 22 24
The effect of placing the head below the body

should be investigated in the future. A change of
episcleral venous pressure would be expected in
carotid cavernous fistula and mediastinal tumour,
and in these diseases the postural change of IOP

should be examined. Finally, it has been suggested
that damage to the optic nerve in low-tension
glaucoma might occur when the patient is asleep in
the supine position.
We have confirmed the fact that IOP measured

with the body in different positions was greater in
glaucomatous eyes than in normal eyes, and in
patients with low-tension glaucoma the postural
difference in IOP particularly was remarkable.
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