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Abstract
Background. The effect of hemodialysis (HD) on intraocular pressure (IOP) has been investigated before, 
but there is a lack of consensus. Clinicians dealing with renal failure patients are interested in the potential 
negative effects of HD on IOP and the course of glaucoma.

Objectives. The aim of this study was to investigate the effects of HD on IOP in patients with end-stage 
renal disease.

Material and methods. This prospective study included 106 patients who were receiving outpatient 
hemodialysis. Patient history of systemic and ophthalmologic conditions was recorded. Serum osmolality 
(mOsm), blood urea nitrogen (BUN), blood glucose (BG), bicarbonate (BC), and hematocrit (Hct) levels 
at the start of HD (pre-HD), at the end of HD (end-HD), and 30 min after HD (post-HD) were measured. 
Systolic and diastolic blood pressures (SBP and DBP) and IOP were measured at pre-HD, 1-hour intervals 
during HD, end-HD, and post-HD.

Results. A significant decrease in mOsm and BUN and a significant increase in BG, BC, and Hct levels were 
observed at end-HD (p < 0.05). Mean IOP was 16.71 ±2.51 mm Hg at pre-HD, 15.52 ±3.18 mm Hg at end-
HD, and 15.23 ±2.73 mm Hg at post-HD (p = 0.001; F = 4.439). Post-HD SBP and DBP were significantly 
lower than at pre-HD (p < 0.001). There was a positive correlation between the change in IOP and the change 
in mOsm and the change in BUN at end-HD (r = 0.315, p = 0.004; and r = 0.279, p = 0.012, respectively).

Conclusions. IOP decreased significantly during HD in  this study. Additional research on  the effects 
of the change in blood parameters and ocular perfusion pressure on IOP and optic nerve perfusion during 
HD is recommended.
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Introduction

Glaucoma is an optic neuropathy with multifactorial 
etiology. While the etiological mechanism is not precisely 
known, elevated intraocular pressure (IOP) remains the fo-
cus of its treatment; however, some glaucoma patients con-
tinue to experience optic nerve damage despite decreased 
IOP.1,2 Altered ocular blood flow was reported to accelerate 
the development and progression of the disease in such 
patients; as such, not only elevated IOP, but also medical 
conditions that negatively affect ocular blood flow will 
obviously cause ischemia and reperfusion damage in glau-
coma patients and in individuals prone to glaucoma.3–5

Hemodialysis (HD) is  an  important component 
of the treatment of end-stage renal disease (ESRD). Some 
studies have reported the  effects of  HD on  IOP, but 
the findings are inconsistent. It was reported that IOP in-
creases in response to HD, whereas it was also reported 
that IOP decreases or does not change during or after 
HD.6–11 The present study aimed to investigate the effect 
of HD on IOP in ESRD patients. To the best of our knowl-
edge this is, to date, the largest prospective study on the ef-
fect of HD on IOP in ESRD patients. 

Material and methods

Study design and the selection  
of study subjects

This prospective study included 106 patients (51 females 
and 55 males) who were receiving HD and met the inclu-
sion criteria. The inclusion criteria were a negative his-
tory of glaucoma, and a healthy cornea. The exclusion 
criteria were IOP > 21 mm Hg at the beginning of HD, 
and optic nerve abnormalities suggesting glaucoma (cup-
disc ratio >0.3; cup-disc asymmetry between the eyes).  
Refractive errors, uveitis, and diabetic retinopathy were not 
considered as exclusion criteria unless they caused high 
IOP. The study was conducted in accordance with the te-
nets of the Declaration of Helsinki, and the institutional 
review board approved the study protocol. All the patients 
provided written informed consent.

Measurements

A Braun Dialog Hemodialysis System (Braun, Melsungen, 
Germany) was used for HD treatment. This system is part 
of a completely new generation of dialysis systems aimed 
at delivering optimum care with highest efficiency. It uses 
the principles of spectroscopy to determine the reduction 
in the molar concentration of urinary excreted substances 
in the dialyzate drain, and it enables measurement in the 
used dialyzate. All patients underwent 4-hour HD sessions 
3 days per week. Patient body weight, and history of dia-
betes mellitus, hypertension, asthma, renal diseases, eye 
diseases, and medications were recorded. Blood samples 
were collected at the start of HD (pre-HD), at the end of HD 
(end-HD), and 30 min after HD (post-HD) to measure 
serum osmolality (mOsm), blood urea nitrogen (BUN), 
blood glucose (BG), bicarbonate (BC), and hematocrit (Hct). 
Systolic and diastolic blood pressure (SBP and DBP) and 
IOP were measured at pre-HD, at 1-hour intervals during 
HD (1st hour, 2nd hour, and 3rd hour), at end-HD (4th hour), 
and at post-HD. Pre-HD blood pressure and IOP measure-
ments were performed after 15 min of rest, before the HD 
needle was inserted. Blood pressure measurement using 
a sphygmomanometer was always performed before IOP 
measurement. IOP measurement was performed using 
an Icare Pro tonometer (Icare, Tiolat Oy, Helsinki, Finland), 
with patients in the supine position. The recorded IOP was 
the mean of 5 successive measurements. 

Statistical analysis

Statistical analysis was performed using SPSS v. 17.0 
for Windows (SPSS Inc., Chicago, USA). Descriptive data 
is expressed as an arithmetical mean ±SD. The indepen-
dent samples t-test was used to compare the patients’ 
right and left eyes. The paired samples t-test and one-
way ANOVA for repeated measures were used to evaluate 
the changes in blood parameters, IOP, SBP and DBP, and 
the effect of systemic β-blockers on IOP change. Pearson 
correlation coefficient was used to determine correlations 
between the changes in blood parameters, IOP, SBP, and 
DBP. At the 95% CI, p-values <0.05 were accepted as sta-
tistically significant. 

Table 1. mOsm, BUN, BG, BC, and Hct levels

Variables
Mean ±SD p-value

pre-HD end-HD post-HD pre-HD
vs end-HD

pre-HD
vs post-HD

end-HD
vs post-HD

mOsm (mOsm/kg) 338.40 ±10.63 305.22 ±5.99 307.22 ±6.18 <0.001 <0.001 <0.001

BUN (mg/dL) 148.23 ±24.98 47.14 ±10.38 53.80 ±12.23 <0.001 <0.001 <0.001

BG (mg/dL) 128.22 ±64.29 136.72 ±53.39 135.73 ±54.35 0.01 0.013 1.000

BC (mEq) 21.74 ±8.33 27.60 ±2.55 26.95 ±2.23 <0.001 <0.001 <0.001

Hct (%) 31.42 ±3.91 33.78 ±4.18 33.88 ±4.12 <0.001 <0.001 0.319

mOsm – serum osmolality; BUN – blood urea nitrogen; BG – blood glucose; BC – bicarbonate; Hct – hematocrit; pre-HD – at the start of hemodialysis;  
end-HD – at the end of hemodialysis; post-HD – 30 min after hemodialysis.
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Results

Mean body weight before HD was 70.22 kg (range: 42–
103.5 kg) and mean age of the patients was 61.65 ±14.39 years 
(range: 24–91 years). In all, 21 (20.3%) patients had a history 
of diabetes mellitus, 80 (77.7%) had a history of hyperten-
sion, 89 (88.1%) had a history of renal disease (such as kidney 
stone, polycystic kidney disease, glomerulonephritis, etc.), 
and 18 (17%) had a history of diabetic retinopathy. Among 
the  patients, 53 (50%) were using systemic β-blockers, 
38 (35.8%) were using Ca-channel blockers, and 12 (11.3%) 
were using angiotensin converting enzyme inhibitors. None 
of the patients reported using any eye drops. Pre-HD, end-
HD and post-HD mOsm, BUN, BG, BC, and Hct are shown 
in Table 1 and Fig. 1. The values of mOsm and BUN were 
significantly lower, and BG, BC, and Hct were significantly 
higher at end-HD and post-HD, as compared to pre-HD 
(p < 0.05). Moreover, mOsm and BUN were significantly 
lower at end-HD than at post-HD, and BC was significantly 
higher at end-HD than at post-HD (p < 0.001) (Table 1). 
There was no significant difference in IOP between right 
and left eyes; therefore, only right eye measurements were 
used for further analysis (p > 0.05). 

IOP, SBP, and DBP measurements obtained at  pre-
HD, 1-hour intervals during HD, end-HD, and post-HD 
are shown in Table 2 and Fig. 2. As compared to pre-
HD, IOP decreased significantly at the 2nd hour of HD 
(p = 0.009), end-HD (p = 0.042), and post-HD (p = 0.001). 
Additionally, IOP was lower at post-HD than at end-HD, 
but not significantly. Systemic β-blockers did not affect 
the changes in IOP (p = 0.443). SBP was significantly lower 
at the 2nd hour of HD (p < 0.001), and DBP was significantly 
lower at the 1st hour of HD (p = 0.046), as compared to pre-
HD. Among the 106 patients, 105 had SBP ≥ 80 mm Hg 
and 104 had DBP ≥ 50 mm Hg during HD, at end-HD, and 
at post-HD. SBP and DBP increased from end-HD to post-
HD, but not significantly (p > 0.05). 

Among all the evaluated measurements, there was a posi-
tive correlation between the IOP change and the mOsm 
and BUN change at end-HD (r = 0.315, p = 0.004; r = 0.279, 
p = 0.012, respectively). In addition, there was a negative cor-
relation between the change in DBP and the change in IOP 
between end-HD and post-HD (r = −0.255, p = 0.036). 

Discussion

The potential effects of HD on IOP prompt clinicians 
who treat ESRD patients with glaucoma to considering 
the potential negative effects of HD on IOP and the course 
of glaucoma, because the deterioration of hydrodynamic 
parameters and blood constituent levels during dialysis are 
common in such patients. Altered ocular blood flow nega-
tively affects the pathophysiology of glaucoma.3–5 In a pop-
ulation-based study on adults in Malaysia, chronic kidney 
disease was associated with elevated IOP.12 During HD, 
abrupt changes in blood parameters can affect the osmotic 
gradients between body compartments, leading to changes 
in IOP; thus, if HD adversely affects IOP in ESRD patients 
without glaucoma, those with glaucoma will not only have 
higher IOP, but the optic nerve may also be damaged due 
to hydrodynamic changes and altered ocular blood flow 
during HD. 

The relationship between HD and IOP was first evalu-
ated in 1964, yet there remains a lack of consensus about 
the effects of HD on IOP.6 It is difficult to compare find-
ings from various studies because of the differences in IOP 
measurement techniques, and the ocular and non-ocular 
parameters investigated. Many published studies reported 
changes in IOP based on measurements obtained using 
a Goldmann applanation tonometer.7,9,11,13,14 Patients must 
be seated when using a Goldmann applanation tonometer. 
The reduction in blood volume that occurs during HD 
can cause hypotension and any movement during HD can 
cause blood pressure variation, all of which can indirectly 
affect IOP.15 In the present study, all measurements were 
made with patients in the supine position, eliminating 
the need for mobilization.

Some earlier studies reported that IOP increases during 
HD due to a decrease in mOsm.6,7 Accordingly, a rapid 
decrease in mOsm during HD results in an osmotic gra-
dient and causes fluid shift from blood to the eyes, caus-
ing an increase in IOP. If there is obstruction in the out-
flow facility (such as anterior synechia or narrow angle), 
the increase in IOP is apparent, but if the outflow path-
way for the aqueous humor is not obstructed, there is only 
a minimal increase in IOP. Sitprija et al. reported a mean 
rise in IOP of 5.9 mm Hg in patients undergoing HD.6  

Table 2. IOP, SBP, and DBP measurements during HD

Variables
Mean ±SD

p-value
pre-HD 1st hour 2nd hour 3rd hour end-HD post-HD

IOP (mm Hg) 16.71 ±2.51 15.78 ±3.12 15.42 ±3.28 a 15.78 ±3.53 15.52 ±3.18a 15.23 ±2.73a 0.001
(F = 4.439)

SBP (mm Hg) 132.01 ±22.29 129.64 ±21.84 123.44 ±19.23a,b 120.37 ±20.08a 116.02 ±20.23a 118.05 ±19.08a <0.001
(F = 23.096)

DBP (mm Hg) 75.37 ±10.88 73.37 ±10.28a,b 72.03 ±9.85a 69.74 ±10.28a 68.71 ±10.67a 70.04 ±9.51a <0.001 
(F = 14.091)

p – represents significance for one-way ANOVA for repeated measures; IOP – intraocular pressure; SBP – systolic blood pressure; DBP – diastolic 
blood pressure; HD – hemodialysis; pre-HD – at the start of hemodialysis; end-HD – at the end of hemodialysis; post-HD – 30 min after hemodialysis; 
a a statistically significant change compared with pre-HD measurements; b a statistically significant change compared with the previous measurement.
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When compared with the previously reported marked 
increases in  IOP during HD, Leiba et  al. reported 
that the slight increase in IOP (0.35 mm Hg) in their study 
was due to improved dialysis techniques.7 

Some studies reported that there is no correlation be-
tween mOsm and IOP, while others reported no change 
in  IOP during HD.10,11,13,16 Tokuyama et  al. observed 
a decrease in IOP (−1.8 mm Hg) and plasma osmolarity 
following HD, but not a significant correlation between 
IOP and plasma osmolarity; however, they did note a cor-
relation between IOP and plasma colloid osmotic pres-
sure (r = −0.510, p = 0.0012) and a change in body weight 
(r = 0.534, p = 0.0006).9 According to Fauchald, plasma col-
loid osmotic pressure is critical to hydrodynamic changes 
during HD.17 The removal of water during HD decreases 
plasma volume and the concentration of plasma proteins 
increase; this increase in colloid osmotic pressure draws 
water from the aqueous humor into plasma.9,16

In the present study there was a significant decrease in IOP 
during HD (from 16.71 ±2.51 at pre-HD to 15.52 ±3.18 at end-
HD), which might have been due to the improvement in HD 
techniques since the time the earlier studies were performed. 
Slower HD may prevent abrupt changes in mOsm, and fluid 
shift to the eyes may be limited. Mean mOsm change was 
−8.30 ±1.98 mOsm · kg–1 · h–1 in the present study. Sitprija 
et al. reported an increase in IOP when mean mOsm change 
was −11 mOsm · L–1 · h–1.6 During HD, an increase in colloid 
osmotic pressure draws water from the aqueous humor into 
plasma.9,16 In the present study, the effect of elevated col-
loid osmotic pressure on IOP might have been greater than 
the effect of the decrease in mOsm on IOP, which is why 
HD led to lower IOP values. Despite the reported marked 
rise in IOP, in the present study there was a 1.2 mm Hg 
of IOP decrease during HD, which is also comparable with 
the study conducted by Tokuyama.6,9 New dialysis tech-
niques seem to prevent marked increases in IOP during HD.

Fig. 1. Mean mOsm, BUN, BG, BC, and Hct at pre-HD, end-HD,  
and post-HD 

mOsm – serum osmolality; BUN – blood urea nitrogen; BG – blood 
glucose; BC – bicarbonate; Hct – hematocrit; pre-HD – at the start 
of hemodialysis; end-HD – at the end of hemodialysis;  
post-HD – 30 min after hemodialysis.
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During HD, a decrease in urea in the extracellular envi-
ronment precedes the intracellular decrease. The differ-
ence between compartments reaches equilibrium as urea 
exits cells and enters extracellular fluid. This causes an in-
crease in the serum urea level, which is known as post-
dialysis urea rebound (PDUR). According to Tovbin et al., 
PDUR was strongly correlated with intradialytic changes 
in IOP.8 They subtracted the urea level 1 h after dialysis 
from that measured at the end of dialysis. In the present 
study, BUN was measured 30 min after HD (post-HD) and 
the increase in BUN at post-HD was not correlated with 
the IOP change from end-HD to post-HD, but the decrease 
in BUN during HD was positively correlated with the ob-
served decrease in IOP during HD.

As mentioned above, altered ocular blood flow accel-
erates the  development and progression of  glaucoma. 

Modern HD devices, such as that used in the present study, 
make it possible to adjust the ultrafiltration rate according 
to the changes in blood pressure.18 This biofeedback system 
prevents hypotension via the regulation of the ultrafiltra-
tion rate and facilitates the protection of the optic nerve 
from the hazardous effects of hypotension, which can of-
fer protection against ischemia and reperfusion damage 
in glaucoma patients and individuals prone to glaucoma.19

Aqueous humor dynamics in a glaucomatous eye differs 
from the normal eye. This difference is mainly related 
to the outflow pathways. It is reported that the resistance 
of the trabecular meshwork is increased in glaucomatous 
eyes due to an increase in extracellular matrix thickness 
and the deposited cochlin protein and mucopolysaccha-
rides.20 The glycosaminoglycans in the extracellular ma-
trix of the trabecular meshwork may generate osmotic 
forces and induce hydration of the trabecular meshwork. 
Therefore, the increased thickness in extracellular matrix 
in glaucomatous eyes may cause an increased resistance 
to aqueous outflow and eventual higher IOP. As mentioned 
above, the rapid decrease in mOsm with the earlier HD 
techniques causes a  fluid shift from blood to the eyes. 
This would further increase IOP in glaucomatous eyes due 
to thicker extracellular matrix. Colloid osmotic pressure, 
which draws water from the aqueous humor into plasma, 
may counterbalance the effect of mOsm on IOP. There-
fore, slower dialysis techniques seem to be beneficial for 
glaucomatous eyes by preventing rapid changes in serum 
and plasma constituents, and thereby preventing IOP rises.

ESRD patients often have chronic diseases that require 
the use of systemic medications. Little is known about 
the effects of systemic medications on IOP. A population-
based study has investigated the  association between 
the  use of  common systemic medications and IOP.21  
According to the results of that study, the use of systemic 
β-blockers and nitrates were independently associated with 
lower IOP. However, in the present study we did not find 
any effects of systemic β-blocker use on IOP decrease dur-
ing HD.

The present study has some limitations. The anterior 
chamber was not evaluated, which would have provided 
some data on outflow facility; patients identified as having 
obstructed outflow pathways may have had findings during 
HD that differed from those of other patients. Additionally, 
plasma colloid osmotic pressure – possibly the primary 
mechanism responsible for decreasing IOP – was not mea-
sured. Another limitation of the present study is the lack 
of evaluation of central corneal thickness, as measured 
IOP has been proven to vary depending on central corneal 
thickness.22,23

In conclusion, the previously reported increase in IOP 
during HD was not observed in this study. In fact, IOP de-
creased significantly during HD in this study, which may be 
a favorable outcome for patients with ESRD and glaucoma. 
With continuing improvements in dialysis techniques and 
the advent of new devices, hydrodynamic changes during 

Fig. 2. Mean IOP, SBP, and DBP measurements during HD 

IOP – intraocular pressure; SBP – systolic blood pressure;  
DBP – diastolic blood pressure; HD – hemodialysis.
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HD are controlled more effectively and the regulation 
of blood parameters and hypervolemia is improved, posi-
tively affecting IOP. We think that the observed decrease 
in IOP during HD in the present study was associated 
with a change in colloid osmotic pressure, mOsm, ocular 
perfusion pressure, and the outflow facility in the patients’ 
eyes. Based on the present findings, we think additional 
research on the above-mentioned changes and the effects 
of HD on optic nerve perfusion is warranted.
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