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Intraocular Pressure Fluctuation – Assess in Clinical Practice
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Abstract
intraocular pressure (ioP) is the main risk factor for the development and progression of glaucoma. Treatment is based on ioP reduction and 
isolated tonometric readings are usually performed for clinical management of the disease. however, ioP is not a static parameter and varies 
considerably throughout the day. This variability, or fluctuation, has classically been considered a risk factor for glaucoma. Nevertheless, 
recent studies demonstrate that pressure peaks are the most relevant ioP parameter for the prediction of visual field progression. The 
lack of a standard definition of ioP fluctuation compromises its clinical assessment and may explain in part the contradictory results found 
in the literature. This review will analyse options for ioP fluctuation assessment, their limitations and the impact of this parameter on the 
management of glaucoma. 
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Elevated intraocular pressure (ioP) is a major risk factor for the 

development and progression of glaucomatous neuropathy.1–3 Thus, 

treatment options focus mainly on ioP lowering to prevent or slower 

worsening of the disease. Furthermore, previous clinical trials have 

demonstrated the need of additional levels of ioP reduction the more 

advanced the stage of the disease.1,4–6

once treatment has been initiated, follow up is usually performed 

with isolated ioP measurements during regular clinic hours. however, 

these values are just a small sample of the whole circadian variation of 

ioP, which is known to occur in both glaucomatous and healthy eyes.7 

This may explain in part why some patients present glaucomatous 

progression when isolated ioP measurements suggest adequate 

pressure control. 

The importance of a more complete ioP evaluation was demonstrated 

in 1963 by drance.8 in his sample, one-third of patients with ioP 

measurements performed at office hours presented peaks only 

detected during a 24-hour diurnal tension curve (dTc). The clinical 

application of this information is demonstrated by Barkana et al.,9 who 

showed that ioP evaluation performed during 24 hours was capable 

of revealing higher ioP levels than office hours measurements in 62 % 

of their evaluated patients. These pressure levels were high enough 

to require immediate treatment change in 36 % of their sample. These 

results emphasise the importance of 24-hour ioP monitoring despite 

being a time- and resource-consuming test not always feasible in the 

routine practice. 

The main objective of a 24-hour dTc is to collect as much information 

as possible regarding the pressure profile of a given patient. in theory, 

this complete evaluation will reveal the peak, lowest and mean ioP 

values, as well as fluctuation within this day. 

While some studies state that ioP fluctuation plays a role in glaucoma 

progression or development,10,11 others do not share the same findings.12,13 

The lack of a standard definition and calculation of ioP fluctuation may 

be responsible in part for these contradictory results and also imposes 

difficulties to better assess this parameter in clinical practice. 

it is important to mention that ioP fluctuation may reflect a short-term 

variability within hours or days or a long-term variability occurring 

between months or even years.14 Not only is the term not standardised; 

but also the ioP fluctuation may be calculated as the difference between 

maximum and minimum ioP values or as the standard deviation (Sd) of 

the mean ioP within a given period of time. 

Intraocular Pressure Fluctuation  
Assessment and Limitations 
Short-term ioP fluctuation may be assessed as the difference between 

maximum and minimum ioP levels detected during a pressure curve. This 

method has been previously used to compare ioP fluctuation between 

different treatment modalities.15–17 however, measured fluctuation may 

not reflect the real variability through the day if ioP measurements are 

performed only during office hours, since nocturnal spikes may be missed.7–9 

on the other hand, the use of peak and trough values to calculate 

fluctuation is subject to the inclusion of outliers. This could be avoided 

by estimating fluctuation using the Sd of multiple ioP measurements, 

which may also be difficult to perform in clinical practice. in this 

case, the ideal number of visits and measurements is still unknown. 

Furthermore, depending on the time interval between visits, this 

assessment will approach long-term fluctuation definition. 

in order to be clinically applicable, a parameter must be consistent 

and reproducible. our research group evaluated the reproducibility 
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of fluctuation during a modified Dtc (mDtc, four measurements 

during office hours, from 08:00 am to 04:00 pm) in patients with 

ocular hypertension or open angle glaucoma not under treatment 

on 2 consecutive days.18 in this study, fluctuation was measured as  

the difference between maximum and minimum values and also  

as the SD of all mDtc measurements. reproducibility in both cases was 

considered fair. the short-term repeatability of diurnal iop patterns one 

week apart in glaucomatous individuals under treatment was evaluated 

by realini et al.19 the authors concluded that treated glaucomatous 

patients present a non-repeatable diurnal (from 08:00 am to 08:00 pm) 

iop pattern and that, as a consequence, measurement of single-day 

iop variation does not characterise short-term iop variation.

Fluctuation assessed by the water drinking test (WDt) has also been 

analysed. Susanna et al.20 demonstrated that eyes with worse visual 

field (VF) defects present higher iop peaks and fluctuation during this 

test. Fluctuation was defined as the difference between pressure peak 

after water ingestion and baseline iop. however, in a posterior analysis, 

the authors demonstrated that fluctuation during the WDt presented 

fair reproducibility, whereas peak iop depicted by this test had an 

excellent intraclass correlation co-efficient value in patients with ocular 

hypertension or open angle glaucoma without treatment.21 

Given these limitations regarding clinical iop fluctuation assessment, 

much is expected from the development of a continuous 24 hour 

monitoring with a contact lens sensor. the Sensimed triggerfish clS 

(Sensimed aG) is currently under evaluation.22 a recorded iop pattern 

with the device was associated with fair to good reproducibility 

parameters.23 however, the clinical application of these values has yet 

to be analysed and validated. 

  

Intraocular Pressure Fluctuation as a Risk  
Factor for Glaucoma
intraocular pressure fluctuation has classically been described as a risk 

factor for glaucomatous disease development and progression. asrani 

et al.10 evaluated 64 patients who performed home tonometry with a 

self-tonometer. Baseline office iop presented no predictive value for 

progression whereas iop range over multiple days was considered a 

significant risk factor (relative hazard ratio, 5.76). 

more recently, hong et al.24 demonstrated in a long follow-up (>9 years) 

retrospective study that eyes with lower long-term fluctuation (SD<2) 

presented better preservation of the VF in comparison to the control 

group with higher fluctuation levels. 

in the advanced Glaucoma intervention Study (aGiS),11 long-term iop 

fluctuations, calculated as the SD of all iop measurements during 

follow-up, were found to be associated with VF progression. in their 

analysis, eyes with iop fluctuation <3 mmhg remained stable. the Early 

manifest Glaucoma treatment trial (EGmt) presented contradictory 

results.12 With a median follow-up time of 8 years, 68 % of the patients 

progressed. mean iop was a significant risk factor for progression 

(hazard ratio, 1.11), whereas iop fluctuation was not related to 

glaucomatous progression. Differences in the stage of the disease 

between these two studies, in the inclusion and exclusion criteria as 

well as in the predetermined endpoints, may account in part for the 

discrepancy. however, it is also important to consider that in the aGiS, 

fluctuation assessment included iop measurements obtained after 

progression occurred. a more intensive post-progression treatment 

would possibly have further lowered iop with consequent increase 

in fluctuation. on the other side, only measurements obtained until 

progression detection were included for analysis in the EmGt. 

to further elucidate these differences, caprioli and coleman25  

re-analysed the data from the aGiS including only iops after surgical 

intervention until the time of the first VF deterioration and eyes with 

only one surgical intervention. mean follow-up time was 7.2 years  

with VF progression detection in 26 % of the eyes. terciles of mean iop 

were calculated and fluctuation for each group was analysed. in this 

model, long-term iop fluctuation was associated with VF progression 

in patients with low mean iop. the same was not found in patients 

with high mean iop. a weak correlation was found between mean iop 

and fluctuation. the authors hypothesise that eyes under different 

steady conditions such as lower or higher mean iops would present 

different responses to a sequence of stresses caused by the long-term 

fluctuation of iop. 

orzalesi26 proposed an alternate explanation of the influence of iop 

fluctuation over glaucomatous damage progression. higher fluctuations 

levels would expose patients to a risk zone for progression, which, in 

other words, would be “higher- than-endurable iop values”. these high 

iop levels, in fact, resemble the concept of iop peaks. 

there is an intrinsic relationship between all measured iop parameters. 

the presence of isolated peaks during longitudinal data collection will 

elevate the mean and also the SD. also, the occurrence of pressure 

peaks will elevate fluctuation measured as the difference between 

maximum and minimum values, specially in patients with lower mean 

iops. Despite these relationships, our study group also demonstrated 

that iop peaks are much better reproducible parameters during the  

mDtc and WDt in comparison to fluctuation assessment.18,21

in this context it is important to mention two large recent studies 

that have demonstrated that iop peaks are better predictors of 

glaucomatous progression than mean iop or fluctuation.27,28 

 

De moraes et al.27 retrospectively evaluated 587 eyes of 587 treated 

glaucomatous patients. mean follow-up time was 6.4 years with a 

mean VF progression rate of -0.45 dB/year for the entire population. 

the univariate model identified older age, exfoliation, decreased central 

corneal thickness (cct), detected disc haemorrhage, presence of  

beta-zone parapapillary atrophy and all iop parameters (mean, 

peak and fluctuation) as risk factors for VF progression. among iop 

parameters, peak and mean iop presented the strongest association. 

however, in the multivariable model, only peak iop, thinner cct, 

detected disc haemorrhage and beta-zone atrophy were associated 

with progression. a pressure peak higher than 18 mmhg increased the 

risk of progression by 81 % in this study. 

Gardiner et al.28 analysed predictive factors for functional progression 

in early and suspected glaucoma over a sequence of six visits. 

Evaluated baseline variables were perimetric and confocal scanning 

laser ophthalmoscopy parameters, iop, age and change in visual acuity. 

larger optic cup and more damaged VF were found to be predictive 

of faster sensitivity loss. although there was a high correlation 

between maximum and mean iop recorded over six visits, peaks were 

significantly predictive of progression and not mean iop. 

the classic paradigm of iop fluctuation as a risk factor for glaucomatous 

progression is being questioned. Difficulties related to iop variability 
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assessment in clinical practice as well as the lack of standard definition 

of this parameter may me responsible in part for the contradictory results 

found in the literature. twenty-four hour telemetry to fully characterise 

iop and its variability is a promising and desirable option in glaucoma 

management. however, further studies are still necessary. meanwhile, 

regarding iop parameters, clinicians should focus on recording as 

much information as possible in order to identify and monitor those 

patients at higher risk for developing disease progression. n
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