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Monitoring of Intraocular Pressure and Its Correlation With 
Systemic Parameters Before and After Hemodialysis
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Introduction. End-stage renal disease and hemodialysis affect 
intraocular pressure (IOP). This study aimed to evaluate the effects 
of a one session of hemodialysis on IOP. 
Materials and Methods. In this study, the IOP of 130 eyes of 65 
hemodialysis patients (38 men and 27 women) was measured before 
and every 1 hour after the initiation of hemodialysis therapy. Patients 
with any glaucomatous conditions were excluded. Demographic 
information including age, gender, underling systemic or ocular 
diseases, hemodialysis duration and frequency, KT/V, and levels 
of blood pressure, body weight, blood urea, serum sodium, serum 
potassium, blood glucose before and after hemodialysis were 
recorded. 
Results. The mean age of the patients was 60.3 ± 16.7 years. The 
mean predialysis and postdialysis IOPs were 13.50 ± 4.09 mm Hg 
and 12.73 ± 4.07 mm Hg, respectively (P = .02). The mean IOP 
at the first and second hours (12.32 mm Hg and 11.83 mm Hg, 
respectively) of hemodialysis were significantly lower than the mean 
predialysis IOP (P < .001 for each). In nondiabetics, the mean IOP 
significantly decreased after hemodialysis. The mean predialysis 
and postdialysis blood glucose levels were significantly different 
between diabetics and nondiabetics, but were not significant in 
each group of diabetics and nondiabetics. There was a significant 
inverse relationship between IOP and blood glucose changes after 
hemodialysis (r = -0.180, P = .040). 
Conclusions. Increased blood glucose levels significantly decreases 
IOP in hemodialysis patients without glaucomatous features. 
Changes in other metabolic parameters do not affect IOP during 
hemodialysis.
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INTRODUCTION
End-stage renal disease (ESRD) is an important 

worldwide health and economic problem with 
increasing incidence and prevalence. End-stage 
renal disease imposes enormous costs to all societies. 
Patients with ESRD have low quality of life and 
high morbidity and mortality rates. The common 
initial symptoms are a variety of problems that 

include headache and visual disturbances, resulting 
from arterial hypertension.1-3 

Hemodialysis and ESRD itself induce many 
effects on visual system. In patients with ESRD, 
30 minutes after hemodialysis, a change in retinal 
vessels diameter observed by digital fundus 
processing. Continuous vascular insult may be 
responsible for brain, eye, and heart vascular 
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accidents in these patients.4 Measurements of 
foveal thickness by optical coherence tomography 
(OCT) in patients with type 2 diabetes mellitus 
and ESRD showed that hemodialysis fluids bath 
temperature and conductivity affects the foveal 
thickness.5 In addition to retinopathy, ESRD 
induces some other ocular abnormalities such as 
conjunctival and corneal calcification.6 Nongpiur 
and colleagues, in a large series consisted of 3280 
individuals at the community level, found that the 
overall prevalence of chronic kidney disease was 
27.9%, in whom the mean intraocular pressure 
(IOP) was significantly higher than that in the 
normal population, independent of age, diabetes 
mellitus, and glaucoma.7 

Some authors believe that in hemodialysis 
patients, decreased serum osmolality and increased 
aqueous humor/vitreous volume by the mechanism 
of oncotic gradient result in IOP increase. While 
some other studies excluded this hypothesis. 
Hemodialysis may influence different aspects of 
visual system, such as the corneal thickness, angle or 
anterior chamber depth, or crystalline lens diameter 
by means of changes in serum osmolality or mineral 
concentration. In one study, IOP did not change 
significantly during dialysis, but anterior chamber 
depth decreased significantly during acetate, but 
not bicarbonate dialysis.8 Pakdel and colleagues 
found in 58 hemodialysis patients a significant 
correlation between the mean serum phosphorus 
concentrations and IOP before dialysis.9 In the 
study of Samsudin and coworkers performed on 49 
patients undergoing hemodialysis, surprisingly, IOP 
decreased significantly in the eyes with occludable 
angles, but in nonoccludable angles, no significant 
changes were seen in all subgroups.10 

The aim of this study was to evaluate which of 
the different serum metabolic parameters changes 
are more essential on IOP changes in patients 
without any underlying glaucomatous disorders 
during the hemodialysis sessions, the question that 
has not been yet responded in the similar studies. 

METHODS AND MATERIALS
This cross-sectional study was carried out on 

65 patients (130 eyes) with ESRD who were under 
conventional intermittent hemodialysis for at least 
3 months in Mustafa Khomeini Hospital, Tehran. 
The patients were under regular conventional 
hemodialysis by low-flux dialysis membranes and 

bicarbonate-based dialysis solutions. The mean 
dialysis solution flow rates were 500 mL/min, and 
blood flow rates were between 200 mL/min and 
250 mL/min. The participants were selected by 
the random numbers method. The study protocol 
was approved by the ethics committee of Shahed 
University, and the principles outlined in the 
Declaration of Helsinki were followed. 

All the participants signed an informed consent 
and underwent a through ocular exam before the 
experience. The patients were excluded if they 
had unilateral or bilateral glaucoma or uveitis 
of any type, angle abnormalities such as anterior 
or posterior synechia, history of any surgical or 
medical intervention for glaucoma, and any corneal 
surface surgeries, irregularities or opacities that 
precluded for careful measurement of IOP by the 
ocular tonometer. Also, the blind or one-eyed 
patients and those who were unable to cooperate 
with the study protocol due to their adverse 
systemic conditions or did not give informed 
consent were excluded.

Demographic information, including age, 
gender, any underlying systemic and ocular 
diseases, surgeries, and hemodialysis duration 
and frequencies per week were recorded. Those 
factors influenced by hemodialysis, such as blood 
pressure, levels of the weights, serum sodium level, 
serum potassium level, blood urea, and blood 
sugar, were recorded before and after hemodialysis. 
Additionally, the KT/V values as a marker for 
dialysis performance were calculated after the 
sessions. Venous blood samples were obtained 
just before and 30 to 60 seconds after hemodialysis 
and the samples were sent to laboratory promptly. 
Meanwhile, blood pressure and IOP were measured 
every 1 hour during dialysis. Measuring of IOP was 
performed with high accuracy using a calibrated I 
care tonometer (Model TA01i, Icare, Espoo, Finland) 
with standard guides. 

For feasibility, analyses of all data were taken 
into consideration as 130 eyes rather than of 65 left 
eyes and 65 right eyes. Collected data were analyzed 
using the SPSS software (Statistical Package for the 
Social Sciences, version 17.0, SPSS Inc, Chicago, 
Ill, USA). Visual acuity and IOP changes and their 
relationships with other variables were evaluated 
using the chi-square test, the paired t test, and the 
Spearman rank correlation test. P values less than 
.05 were considered significant.
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RESULTS
Sixty-five patients (130 eyes) were included in 

this study. The mean age was 60.3 ± 16.7 years 
(range, 24 to 90 years). Thirty-eight of the patients 
were men (mean age, 57.0 ± 16.9 years) and 27 were 
women (mean age, 64.8 ± 15.5 years). Forty-one 
patents were younger than 70 years (26 men and 
15 women) and 24 were 70 years and older (12 
men and 12 women). Among the patients, 19 (10 
men and 9 women) were diabetic. Frequency of 
hemodialysis was less than 3 session per week in 
14 patients (3 men and 11 women) and 3 sessions 
and more in 51 patients (35 men and 16 women). 
Demographic information of the patients is shown 
in Table 1. 

Laterality of the eyes (right or left) had no 
significant effect on the predialysis and postdialysis 
IOP values. The mean IOP after hemodialysis 
decreased by 0.77 mm Hg, as compared to the 
mean IOP before hemodialysis (12.73 ± 4.07 mm 
Hg versus 13.50 ± 4.09 mm Hg; P = .02). There were 
no significant relationships between the mean IOP 
of any genders and the underlying diseases before 
and after hemodialysis (Table 2). 

The mean IOP levels in the first and second 
hour of hemodialysis (12.32 mm Hg and 11.83 mm 

Hg, respectively) were significantly lower than 
the mean predialysis IOP (P < .001 and P < .001, 
respectively). In addition, the mean IOP in the 
second hour of hemodialysis was still lower than 
that in the first hour of hemodialysis (P < .001). 

The mean decreases in IOP after hemodialysis 
in nondiabetic and diabetic patients were 1.02 mm 
Hg and 0.13 mm Hg, respectively. Concerning, 
nondiabetic patients, there were no changes in 11, 
a decrease in 38, and an increase in 43 eyes in the 
IOPs after hemodialysis. Totally, in nondiabetics 
(but not in diabetics), the mean IOP significantly 
decreased after hemodialysis (P = .007). 

Although the mean blood glucose levels were 
significantly different between diabetics and 
nondiabetics before hemodialysis (190.68 mg/
dL and 129.50 mg/dL, respectively) and after 
hemodialysis (174.68 mg/dL and 137.78 mg/dL, 
respectively; P < .001 for both), these differences 
were not significant in each group (P = .07 and 
P = .10, respectively). The mean blood glucose 
levels increased in nondiabetics and decreased in 
diabetics after hemodialysis. Although the overall 
changes in the mean blood glucose levels were 
nonsignificant (P = .06), but there was a meaningful 
inverse relationship between IOP and blood glucose 
changes after hemodialysis (P = 0.04, r = -0.180). 

The mean systolic blood pressure before and 
after hemodialysis were higher in men (131.40 mm 
Hg and 128.55 mm Hg) than in women (127.59 mm 
Hg and 126.40 mm Hg); however, these differences 
were not significant. The mean systolic blood 
pressure significantly decreased after hemodialysis 
(P = .01). There were no meaningful relationship 
between the mean systolic blood pressure and IOP 
changes after hemodialysis (P = .86).

The mean serum sodium levels were not 
significantly different after hemodialysis, as 
compared to values before dialysis in the women 

Characteristic Men Women All
Number of patients 38 27 65
Age

< 70 years 26 15 41
≥ 70 years 12 12 24

Diabetes mellitus
Yes 10 9 19
No 28 18 46

Hemodialysis sessions
< 3 per week 3 11 14
≥ 3 per week 35 16 51

Table 1. Demographic Data of Patients 

Correlation*
Parameter Before Hemodialysis After Hemodialysis P r P

IOP 13.50 ± 4.09 12.73 ± 4.07 .02 … …
Blood glucose, mg/dL 147.34 ± 76.12 148.56 ± 43.71 .06 -0.180 .04
Systolic blood pressure, mm Hg 131.92 ± 18.87 128.07 ± 20.95 .01 0.150 .86
Serum sodium, mEq/L 138.75 ± 3.35 141.12 ± 2.57 < .001 -0.148 .48
Blood urea, mg/dL 163.83 ± 46.21 77.58 ± 25.54 < .001 0.168 .59
Serum potassium, mEq/L 5.19 ± 0.73 3.70 ± 0.43 < .001 0.127 .23
Body weight, kg 64.82 ± 13.88 62.00 ± 13.57 < .001 0.116 .40

Table 2. Intraocular Pressure Its Correlation With Systemic Parameters Before and After Hemodialysis

*Correlation between changes in intraocular pressure and other parameters.
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(138.44 mEq/L and 141.40 mEq/L) and in the 
men (138.97 mEq/L and 140.92 mEq/L). Neither 
was different the mean blood urea levels after 
hemodialysis in the women (160.22 mg/dL and 
67.85 mg/dL) and in the men (166 mg/dL and 
74.50 mg/dL). Although the overall differences 
in the mean serum sodium and blood urea levels 
before and after hemodialysis were significant 
(P < .001 for both), there were no significant 
relationships between serum sodium and blood 
urea levels and the IOP changes after hemodialysis 
(P = .48 and P = .59, respectively; Table 2). The 
mean serum potassium was significantly different 
after dialysis as compared to predialysis values 
(3.70 ± 0.43 mEq/L versus 5.19 ± 0.73 mEq/L, 
P < .001). However, there was no meaningful 
relationship between the mean serum potassium 
and IOP changes before and after hemodialysis 
(P = .23; Table 2).

Although the mean body weight of the patients 
significantly decreased after hemodialysis (P < .001), 
there was no significant relationship between the 
mean weight reductions and IOP changes before 
and after hemodialysis (P = .40; Table 2). The 
KT/V ranged between 1 and 1.2, and there were 
no significant relationship between KT/V and IOP 
changes after hemodialysis.

Duration of hemodialysis was 180 minutes in 57 
patients and 240 minutes in 8 patients. There were 
no significant relationship between hemodialysis 
sessions duration and frequency and changes in 
the IOP. A history of retinopathy was present 
in 30 of the 130 eyes. There was not any history 
of glaucoma in any of the patients. There was 
no significant relationship between a history of 
retinopathy and changes in the IOP.

DISCUSSION
In normal condition, there exist a continuous 

secretion of aqueous humor inside the eyes, 
especially from nonpigmented epithelium of 
cilliary body, and its gradual drainage from 
anterior chamber angle structures of trabecular 
meshwork and Schlemm canal induces an acceptable 
intraocular pressure that is normally between 10 
mm Hg and 21 mm Hg.11,12 Increased IOP is a major 
risk factor for inducing glaucoma, and currently, 
reduction of IOP by means of medical or surgical 
approaches is the only treatment of choice for 
glaucoma.13 Elevated IOP means that the IOP of 

the patient has exceeds the 97.5th percentile of the 
normal population.14 

Despite lowering IOP by medical treatment, 
some glaucoma patients continue to experience 
disease progression and subsequent irreversible 
vision loss. Dysfunctional regulation of ocular blood 
flow in atherosclerosis, vasospasm and vascular 
endothelial dysfunction makes the diabetic or ESRD 
patients more susceptible to IOP changes. These 
conditions may contribute to decreases in ocular 
perfusion pressure, increase in IOP, and increased 
local metabolic demands and progression of 
glaucomatous optic neuropathy in these patients.15 

Effects of hemodialysis on IOP have been a 
challenging issue in the medical literature and 
different hypothesis has been outlined in this 
topic.10,16 Levy and colleagues described that 
although the effect of hemodialysis on IOP is unclear 
and even opposite findings may be encountered, 
in patients with glaucomatous eye, features of 
an acute rise in IOP are seen more frequently 
than normal individuals and future studies has 
been recommended.17 In general, findings of this 
study revealed that there were meaningful inverse 
relationship between blood glucose level changes 
and IOP changes during hemodialysis. There were 
no significant relationship between changes in 
the IOP and serum sodium and potassium, blood 
pressure, blood urea, KT/V, weight, duration of 
hemodialysis, and underlying diseases before and 
after hemodialysis.

In the studies of Vrebac and colleagues and 
Dinc and coworkers carried out on 64 and 33 
patients, IOP decreased by 1 mm Hg and 1.3 
mm Hg, respectively, after hemodialysis, but no 
mechanistic effects have been described.16,18 In 
the present study, the mean IOP decreased by 
0.77 mm Hg after hemodialysis, and the proposed 
mechanisms have been described later. 

Albertazzi and colleagues suggested that in 
their 20 patients, hemodialysis decreased serum 
osmolality and subsequently increased entry of water 
into the aqueous humor and vitreous, resulting in 
increased IOP.19 Effects of osmolality on IOP have 
been proposed by some other studies. Leiba and 
colleagues concluded that the fluctuations in IOP 
were significantly correlated with the alteration in 
serum osmolality during hemodialysis.20 Also Dujic 
and coworkers suggested that increased aqueous 
humor volume might be caused by the imbalance 
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between blood and aqueous osmolality and the 
fluid shift into the ocular fluids in hemodialysis 
patients.21 Some authors disagreed with this idea. 
Broekema and colleagues supposed that despite 
the drop in blood osmolality in hemodialysis 
patients, other regulatory forces prevent significant 
fluctuations in IOP.22 In this experience, the mean 
IOP was significantly decreased in nondiabetics, 
possibly due to increase serum osmolality due to 
increased blood glucose levels. 

Austin and colleagues reported that high-flux 
hemodialysis has no effects on IOP in patients 
undergoing intermittent hemodialysis.23 Barbosa 
and associates found no significant differences in 
IOP and systolic blood pressure before, during, 
and after hemodialysis in 35 patients (67 eyes).24 
This is in contrast with the findings of the present 
study concerning IOP (in nondiabetics) and 
systolic blood pressure. In addition, Costagliola 
and Mastropasqua reported that no significant 
differences were observed in IOP, aqueous flow, 
outflow facility and resistance, corneal thickness, 
or lens diameter in patients receiving regular 
hemodialysis.25 In the present study, both mean IOP 
(in nondiabetics) and systolic blood pressure were 
affected by hemodialysis. These differences may 
be due to the presence or absence of underlying 
disease such as diabetes mellitus, glaucomatous 
conditions, and changes in corneal thickness or 
crystalline lens diameter. 

Underestimation of IOP values after hemodialysis 
sessions may happen due to decreased central 
corneal thickness induced by fluid loss.16 Effects 
of fluid loss on corneal thickness may be a good 
explanation for IOP variations after hemodialysis, 
and reduced IOP in the first hour of hemodialysis 
happened in our patients may need stronger 
rationale. In eyes with an obstructed aqueous 
outflow pathway, an IOP elevation in response to 
decreased serum osmolality and intraocular fluid 
shift occurs in hemodialysis patients.26 In this study, 
we excluded patients with any glaucomatous or 
with any angle problems to evaluate the actual role 
of fluid shift on IOP in normal ocular conditions. 
A decrease in IOP parallel to ultrafiltration-
induced hemoconcentration has been reported, but 
exacerbation of glaucoma has only occasionally 
been observed. In ultrafiltration, intraocular 
compartments urea exceeds the blood urea and 
results in intraocular fluid influx, the mechanism 

that may be responsible for the increase in IOP 
in some hemodialysis patients.27 In contrast, our 
study showed that ultrafiltration and urea rebound 
did not cause any incremental effects on IOP. In 
36 hemodialysis patients, IOP changes had no 
significant correlation with plasma osmolality 
but correlated with the change in plasma colloid 
osmotic pressure and body weight.28 

In this study we did not measure colloid osmotic 
pressure or blood osmolality, but blood urea, 
blood glucose, sodium, and potassium, which 
affect blood osmolality, were evaluated. The mean 
blood glucose levels increased after hemodialysis. 
Reduction in IOP levels after hemodialysis may 
be the effect of increase in serum osmolality. In 
the study of Gafter and colleagues on 30 patients, 
changes in body weight, blood pressure, and blood 
osmolality were significantly decreased with no 
significant changes in IOP.29 Parallel with this, 
there were no meaningful relationship between 
changes in weight, systolic blood pressure, and 
IOP before and after hemodialysis in our study. 

Dujic and coworkers found in a study on 29 
patients that IOP increased after hemodialysis 
suggesting that all patients needed a concise 
ocular examination before hemodialysis.21 In 
contrast, the mean IOP decreased in our patients 
after hemodialysis. This difference may be due to 
exclusion of patients with glaucomatous features in 
our study. In the study of Gutmann and Vaziri on 
13 patients, mid-dialysis IOP was significantly lower 
than the postdialysis values, but the latter was not 
significantly different from the predialysis value. 
This stability in IOP may be due to improved dialytic 
technique.30 Also, in Hojs and Pahor’s study, there 
was no significant increase in IOP after hemodialysis 
that may be due to improved techniques related 
to hemodialysis.31 In our study, IOP changes in 
different hours of hemodialysis indicated that the 
factors other than the duration of hemodialysis or 
electrolytes changes may influence IOP. Meanwhile, 
measuring of blood osmolality may help further 
understanding of pathophysiologic mechanisms 
involved in IOP changes in hemodialysis patients. 
Factors involved in IOP in hemodialysis patients 
are still not completely understood. In this study, 
we also found evidence of different hypotheses in 
the medical literature regarding changes in IOP 
during hemodialysis. It seems we need extended 
multicenter study with larger samples to determine 
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the relationship between IOP and hemodialysis 
and their related factors. 

CONCLUSIONS
Findings of this study revealed that increased 

mean blood glucose levels caused higher blood 
osmolality and outward fluid shift from within 
the eyes and the resultant decrease in IOP in 
hemodialysis patients without glaucomatous 
features. Indeed, there is an inverse relationship 
between blood glucose level changes and IOP 
changes in these patients.  Also, changes in 
serum sodium, potassium, blood pressure, blood 
urea, KT/V, body weight, and hemodialysis 
frequency and duration had no effects on IOP 
after hemodialysis.
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