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Abstract
Background—In a previous case report, it
was shown that an increase in plasma col-
loid osmotic pressure induced by the
removal of fluid during haemodialysis was
instrumental in decreasing intraocular
pressure. The relation between changes in
intraocular pressure, plasma osmolarity,
plasma colloid osmotic pressure, and
body weight before and after haemodialy-
sis is evaluated.
Methods—Intraocular pressure, plasma
osmolarity, plasma colloid osmotic pres-
sure, and body weight were evaluated
before and after haemodialysis in 36
patients.
Results—Intraocular pressure and plasma
osmolarity both decreased significantly
after haemodialysis (p<0.0001). Plasma
colloid osmotic pressure increased signifi-
cantly after haemodialysis (p<0.0001).
Body weight decreased significantly be-
cause of the removal of fluid during
haemodialysis (p<0.0001). No significant
correlation was found between the change
in intraocular pressure and that in plasma
osmolarity (r=−0.206, p=0.2297), whereas
the change in intraocular pressure was
correlated with the change in plasma
colloid osmotic pressure (r=−0.510,
p=0.0012) and the change in body weight
(r=0.534, p=0.0006). A significant correla-
tion was found between the change in
plasma colloid osmotic pressure and that
in body weight (r=−0.756, p<0.0001).
Conclusion—The change in intraocular
pressure was inversely correlated with the
increase in plasma colloid osmotic pres-
sure caused by the removal of fluid during
haemodialysis.
(Br J Ophthalmol 1998;82:751–753)

The relation between plasma osmolarity and
intraocular pressure (IOP) during haemodialy-
sis has been studied since Sitprija and
coworkers1–3 first reported that a rapid decrease
in plasma osmolarity markedly increased the
IOP during haemodialysis. The mechanism

they proposed for this increase was the
movement of water from the plasma into the
aqueous humour due to an osmotic disequilib-
rium between the two compartments caused
by a rapid decrease in plasma osmolarity.3

Although a shift in water between these
compartments is influenced by the plasma col-
loid osmotic pressure, the relation between
IOP and plasma colloid osmotic pressure dur-
ing haemodialysis has not been investigated.

We recently reported a patient with neovas-
cular glaucoma who exhibited a marked
decrease in IOP accompanied by an increase in
plasma colloid osmotic pressure, even though
plasma osmolarity remained virtually constant
during haemodialysis.4 The present study
evaluated the relation between changes in IOP,
plasma osmolarity, plasma colloid osmotic
pressure, and body weight before and after
haemodialysis.

Patients and methods
A total of 36 patients who were receiving
haemodialysis (mean age 57.6 years, range
30–81 years) without ocular disease were
enrolled in this study. After informed consent
for participation had been obtained, IOP,
plasma osmolarity, plasma colloid osmotic
pressure, and body weight were measured
before and after haemodialysis. All patients
were dialysed for a mean of 3.8 hours (ranged
3–4.5 hours) at the Inoue Hospital. IOP was
determined by Goldmann applanation tono-
metry. Plasma osmolarity was measured by
freezing point depression. Plasma colloid
osmotic pressure5 was calculated from the for-
mula: plasma colloid osmotic pressure = 5.5 ×
concentration of plasma albumin + 1.4 × the
concentration of plasma globulin. The change
in body weight represents the amount of fluid
removed during haemodialysis.

Data are presented as mean (SD). Statistical
evaluation tests utilised the Student’s paired t
test and Pearson’s coeYcient test. A level of p
<0.05 was accepted as statistically significant.

Results
The IOP, plasma osmolarity, plasma colloid
osmotic pressure, and body weight in the 36

Table 1 Intraocular pressure (IOP), plasma osmolarity, plasma colloid osmotic pressure, and body weight in 36 patients
before and after haemodialysis

Before haemodialysis
(mean (SD))

After haemodialysis
(mean (SD))

Ä*
(mean (SD)) p Value†

IOP of right eye (mm Hg) 13.6 (2.7) 11.9 (2.0) −1.8 (2.0) <0.0001
IOP of left eye (mm Hg) 13.6 (2.6) 11.8 (2.0) −1.8 (2.1) <0.0001
Plasma osmolarity (mOsm/l) 311.9 (8.4) 296.2 (8.6) −15.7 (9.0) <0.0001
Plasma colloid osmotic pressure (mm Hg) 26.2 (1.4) 29.9 (3.4) 3.8 (3.0) <0.0001
Body weight (kg) 49.8 (6.2) 47.5 (6.0) −2.2 (0.9) <0.0001

*Change in value after haemodialysis.
†Student’s paired t test.
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patients before and after haemodialysis are
shown in Table 1. The IOP decreased signifi-
cantly after haemodialysis (IOP of right eye
went from 13.6 (SD 2.7) to 11.9 (2.0) mm Hg,
p<0.0001: IOP of left eye went from 13.6 (2.6)
to 11.8 (2.0) mm Hg, p<0.0001). The change
in IOP after haemodialysis was −1.8 (2.0) mm
Hg in the right eye and −1.8 (2.1) mm Hg in
the left eye. Because there was no significant
diVerence between IOP in both eyes, the IOP
of the right eye was used in the analysis of data.
Plasma osmolarity decreased significantly from
311.9 (8.4) to 296.2 (8.6) mOsm/l after
haemodialysis (p<0.0001), a change of −15.7
(9.0) mOsm/l. The plasma colloid osmotic
pressure increased significantly from 26.2 (1.4)
to 29.9 (3.4) mm Hg after haemodialysis
(p<0.0001), a change of 3.8 (3.0) mm Hg.
Body weight decreased significantly from 49.8

(6.2) to 47.5 (6.0) kg after haemodialysis
(p<0.0001), a change of −2.2 (0.9) kg.

Figure 1 shows a lack of correlation between
the change in IOP and that of plasma osmolar-
ity (r=−0.206, p=0.2297), and a correlation
between the change in IOP and that of plasma
colloid osmotic pressure after haemodialysis
(r=−0.510, p=0.0012). The change in IOP was
also correlated with the change in body weight
(r=0.534, p=0.0006), which was significantly
correlated with the change in plasma colloid
osmotic pressure after haemodialysis
(r=−0.756, p<0.0001). There was no signifi-
cant correlation between the change in plasma
osmolarity and that of body weight (r=−0.207,
p=0.2276), and between the change in plasma
osmolarity and that of plasma colloid osmotic
pressure after haemodialysis (r=0.128,
p=0.4609).

Discussion
The chief objective of administering haemo-
dialysis is to correct the composition and the
volume of body fluids. The correction of body
fluid composition seeks to eliminate uraemic
substances and is concerned with the change in
plasma osmolarity during haemodialysis. The
correction of body fluid volume seeks to
resolve the excessive accumulation and abnor-
mal distribution of body fluid and is concerned
with the change in plasma colloid osmotic
pressure during haemodialysis. Although many
studies1–3 6–15 have examined the change in IOP
during haemodialysis, most of them have con-
centrated on the relation between IOP and
plasma osmolarity, because the plasma osmo-
larity usually changes during haemodialysis.

Fauchald16 found plasma colloid osmotic
pressure to be instrumental in the hydrody-
namic changes that occur during haemodialy-
sis; in brief, plasma volume decreases along
with the removal of water by haemodialysis,
and the concentration of plasma proteins such
as albumin and globulin, increases, leading to

Figure 1 (A) The lack of significant correlation between the change in intraocular pressure (IOP) and that of plasma
osmolarity after haemodialysis (HD) (r=−0.206 p=0.2297). (B) Correlation between the change in IOP and that of
plasma colloid osmotic pressure after HD (r=−0.510, p=0.0012).
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Figure 2 Schematic diagram illustrating the movement of water during haemodialysis.4

The mechanism for the correction of a massive accumulation of fluid in the interstitial
compartment, and for the reduction in intraocular pressure is illustrated. As a first step, a net
movement of water from plasma into dialysate is caused by haemodialysis. As a
consequence, plasma colloid osmotic pressure undergoes a relative increase in response to the
decrease in plasma volume, because large proteins, such as albumin and globulin, cannot
cross the membranes. A gradient of colloid osmotic pressure between plasma and interstitial
fluid (or aqueous humour) causes a net movement of water from the interstitial fluid (or
aqueous humour) into the plasma. Finally, the massive accumulation of interstitial fluid is
corrected (or intraocular pressure decreases).

Interstitial fluid
(or aqueous humour)

H2O

Plasma

Capillary endothelium
(or blood-aqueous barrier)

Membrane

Dialysate

H2O

H2O

H2O

H2O H2O

H2O

H2O
protein

H2O

H2O

H2O

H2O

H2O

H2O

H2O

protein

protein

752 Tokuyama, Ikeda, Sato

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bjo.bm

j.com
/

B
r J O

phthalm
ol: first published as 10.1136/bjo.82.7.751 on 1 July 1998. D

ow
nloaded from

 

http://bjo.bmj.com/


an increase in plasma colloid osmotic pressure.
The relative increase in colloid osmotic pres-
sure caused by the removal of water by haemo-
dialysis generates a gradient of colloid osmotic
pressure between the plasma and interstitial
fluid, causing water to shift from the interstitial
fluid into the plasma; the rate of decrease in
plasma volume then slows gradually. The rate
of increase in plasma colloid pressure also
slows, until the rate of the removal of water
from plasma by haemodialysis equals the rate
of shift in water from the interstitial fluid into
the plasma. The increase in plasma colloid
osmotic pressure tends to level oV toward the
end of haemodialysis. The excess amount of
interstitial fluid is finally corrected without
decreasing in the plasma volume (Fig 2).

Although the plasma colloid osmotic pres-
sure, as well as plasma osmolarity, is involved
in the hydrodynamic change, no previous stud-
ies have evaluated the relation between the IOP
and the plasma colloid osmotic pressure during
haemodialysis. We recently reported an elderly
man with neovascular glaucoma whose IOP
decreased markedly during haemodialysis.4 To
evaluate the mechanism of this decrease, we
measured plasma osmolarity, plasma colloid
osmotic pressure, and body weight every 30
minutes during haemodialysis given for a
period of 4.5 hours. IOP in the left eye with
neovascular glaucoma decreased from 53 mm
Hg at the beginning of haemodialysis to 14 mm
Hg at its end. Plasma osmolarity remained
almost constant during haemodialysis (295
mOsm/l at the beginning; 305 mOsm/l at the
end), but plasma colloid osmotic pressure
increased (23.0 mm Hg at the start of haemo-
dialysis; peak: 27.2 mm Hg). The patient’s
weight decreased by 5.7 kg. These findings led
us to suggest that the decrease in IOP was
related to the increase in plasma colloid
osmotic pressure caused by the removal of
fluid during haemodialysis. In brief, plasma is
separated from the aqueous humour by the
blood-aqueous barrier and from the dialysate
by the dialyser membrane. As the plasma
volume decreases owing to the removal of
water from the plasma into the dialysate during
haemodialysis, there is a relative increase in the
concentration of plasma proteins—that is, the
plasma colloid osmotic pressure increases. As a
result, water is pushed from the aqueous
humour into the plasma causing a reduction in
IOP (Fig 2).

Although there is conflicting evidence about
the rate of osmolarity decrease that can induce
an increase in IOP during haemodialysis,
Sitprija and coworkers2 showed that a signifi-
cant rise in IOP occurred in dogs when the
change in plasma osmolarity was 11 mOsm/l/h,
but not when it was only −8 mOsm/l/h. Gafter
and coworkers11 reported that IOP did not

increase significantly when the change in
plasma osmolarity during haemodialysis was
−6 mOsm/l/h. Austin and coworkers14 showed
that IOP did not change significantly when the
change in plasma osmolarity during haemodi-
alysis was −7.7 mOsm/l/h. In our study, the
change in plasma osmolarity during haemodi-
alysis was −4.1 mOsm/l/h. Thus, with modern
techniques of haemodialysis a rise in IOP dur-
ing the procedure is unlikely, but we believe
that a change in IOP may be aVected by plasma
osmolarity as well as by plasma colloid osmotic
pressure during haemodialysis. A decrease in
plasma osmolarity may tend to increase IOP
while an increase in plasma colloid osmotic
pressure may tend to decrease IOP.

Our data indicate that a change in IOP was
significantly correlated with the change in
plasma colloid osmotic pressure caused by the
removal of body fluid during haemodialysis.
We have found that IOP tends to decrease dur-
ing eYcient haemodialysis as a results of the
increase in plasma colloid osmotic pressure
caused by the removal of fluid during haemodi-
alysis. Plasma colloid osmotic pressure was
instrumental in causing the decrease in IOP
observed during haemodialysis.
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