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Abstract 
Background: Intraocular pressure (IOP) is a critical 

physiological parameter maintained by aqueous humor 

(AH) dynamics, balancing production by the ciliary body 

and drainage through trabecular and uveoscleral 

pathways. Disruptions in this equilibrium can lead to 

ocular hypertension, glaucoma, or hypotony, with 

significant implications for vision. Glaucoma, a leading 

cause of irreversible blindness, is strongly associated with 

elevated IOP, though normal-tension glaucoma also 

occurs. Aim: This article examines the physiological 

regulation of IOP, its clinical assessment, and the role of 

Pharmacists and healthcare professionals in managing 

IOP-related disorders, particularly glaucoma. Methods: 

The review discusses tonometry techniques (Goldmann 

applanation, rebound, and non-contact tonometry), IOP 

measurement challenges (corneal thickness, diurnal 

variations), and emerging technologies (continuous IOP 

monitoring). It also evaluates  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

diagnostic criteria for ocular hypertension, glaucoma, and 

hypotony, along with therapeutic interventions. Results: 

Normal IOP ranges between 10–21 mmHg, but isolated 

readings may not fully capture disease risk. Goldmann 

applanation tonometry remains the gold standard, though 

corneal biomechanics influence accuracy. Ocular 

hypertension does not always progress to glaucoma, while 

normal-tension glaucoma occurs despite normal IOP. 

Emerging biomarkers and 24-hour monitoring may 

improve early detection and personalized treatment. 

Conclusion: IOP assessment is essential for glaucoma 

management but must be interpreted alongside structural 

and functional tests. Interprofessional collaboration 

ensures accurate monitoring and timely intervention. 

Future advancements in continuous IOP monitoring and 

precision medicine may enhance patient outcomes. 
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Introduction 

Intraocular pressure (IOP) refers to the fluid-based pressure exerted 
within the eye, playing a critical role in maintaining the anatomical 
integrity and physiological function of the ocular globe. It results  
  
 
 
 
 
 
 
 
 

Significance | Understanding and managing intraocular pressure is 

crucial for preventing glaucoma-related blindness and optimizing 
outcomes through precision diagnostics and collaboration. 
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from the continuous interaction between the production and 
drainage of aqueous humor (AH), a transparent fluid secreted by 
the ciliary body. The eye functions as a near-closed system with a 
rigid outer shell, primarily composed of the sclera and cornea. 
Within this confined space, even minor fluctuations in intraocular 
volume can lead to measurable changes in pressure. While several 
ocular structures contribute to intraocular volume, the vitreous 
body remains largely static in terms of fluid dynamics and thus does 
not significantly influence IOP regulation. In contrast, the aqueous 
humor is actively involved in pressure modulation due to its 
continuous synthesis and outflow, making it the principal 
determinant of IOP in physiological and pathological states. The 
dynamics of IOP are governed by the balance between aqueous 
humor inflow and outflow. Aqueous humor is produced in the 
posterior chamber by the non-pigmented epithelium of the ciliary 
processes and flows anteriorly through the pupil into the anterior 
chamber. From there, it exits the eye via two major pathways: the 
trabecular meshwork–Schlemm’s canal system (the conventional 
outflow pathway) and the uveoscleral route (the unconventional 
pathway). Any disruption in these drainage pathways, particularly 
resistance in the trabecular meshwork, can result in elevated IOP, 
which is a primary risk factor for the development of glaucoma and 
other optic neuropathies (Twa, 2018) 
The aqueous humor itself plays several indispensable roles beyond 
pressure maintenance. It provides essential nutrients and oxygen to 
avascular ocular tissues, including the lens and cornea. It also 
facilitates the removal of metabolic waste, contributing to a stable 
intraocular environment. Additionally, its clarity and refractive 
properties are vital for maintaining an unobstructed optical axis, 
which is crucial for accurate light transmission and visual acuity. 
The aqueous humor also exerts a mild immune privilege by limiting 
the entry of inflammatory cells, thus preserving the transparency of 
intraocular structures. The preservation of stable intraocular 
pressure is critical for maintaining the proper alignment and 
spacing of intraocular structures, such as the lens and cornea, which 
are essential for accurate image focusing on the retina. Deviations 
from normal IOP can lead to structural and functional impairment. 
Hypotony (abnormally low IOP) can result in ocular deformation, 
retinal detachment, or choroidal effusion, whereas sustained 
elevation in IOP is associated with optic nerve damage, leading to 
progressive and irreversible vision loss, as seen in glaucomatous 
conditions. 
In summary, intraocular pressure is a finely regulated physiological 
parameter essential to ocular structure and function. Its regulation 
is primarily controlled by aqueous humor dynamics, and any 
imbalance in production or outflow can lead to pathological 
conditions. Understanding IOP mechanisms is fundamental in 
diagnosing and managing disorders like glaucoma and in 
preserving long-term visual function (Twa, 2018) 

Production of Aqueous Humor 
A comprehensive understanding of intraocular pressure (IOP) 
regulation necessitates an in-depth exploration of aqueous humor 
(AH) production mechanisms. AH is a clear, protein-free fluid that 
fills the anterior and posterior chambers of the eye, produced by the 
ciliary epithelium located in the iris, ciliary body, and pars plana, 
specifically within the posterior chamber of the anterior segment. 
The synthesis of AH involves three primary mechanisms: diffusion 
(5%), ultrafiltration (15%), and active secretion (80%) (Göbel et al., 
2011). Among these, active secretion plays the predominant role 
and is independent of intraocular pressure, relying instead on an 
energy-dependent osmotic gradient generated through adenosine 
triphosphate (ATP) consumption. 
Ultrafiltration, in contrast, is influenced by systemic factors 
including capillary blood pressure, plasma oncotic pressure, and 
IOP. This mechanism permits plasma to pass through the 
fenestrated capillaries of the ciliary process into the interstitial 
space, contributing to the formation of the aqueous humor. 
Approximately 4% of the plasma flow is involved in this filtration 
process (McLaren, 2009). Anatomically, the ciliary process contains 
two epithelial layers that function in concert during AH production. 
These layers include the outer pigmented ciliary epithelium and the 
inner nonpigmented ciliary epithelium, which are connected via 
gap junctions and tight junctions, respectively. The tight junctions 
in the nonpigmented epithelium are particularly significant as they 
form the primary blood–aqueous barrier, restricting plasma 
proteins from entering the aqueous compartment (Warjri & 
Senthil, 2022). This selective permeability leads to a unique 
biochemical environment within the interstitial space, 
characterized by elevated oncotic pressure. As a consequence, a net 
fluid movement from the plasma to the posterior chamber occurs, 
governed by hydrostatic and oncotic pressure gradients across the 
epithelial layers (Kiel et al., 2011) (Table 1). 
Active secretion within the ciliary epithelium involves various ionic 
transport mechanisms, including the Na⁺/K⁺-ATPase pump and 
carbonic anhydrase activity, facilitating the movement of ions that 
drive osmotic water transport. Only active secretion enables fluid 
movement from the ciliary epithelium into the posterior chamber 
under physiological conditions, highlighting the role of epithelial 
cellular mechanisms in maintaining a stable intraocular 
environment (Fernández-Vigo et al., 2022). The overall rate of AH 
production is approximately 2.5 µL per minute, culminating in a 
daily volume of about 3.5 mL. This production is not constant 
throughout the day; it exhibits a diurnal variation, peaking around 
midday and decreasing during nocturnal hours (Grüb & Mielke, 
2004). This circadian rhythm is of clinical significance, particularly 
in glaucoma management, where intraocular pressure tends to 
fluctuate in parallel with aqueous humor dynamics. In sum, the 
production of aqueous humor is a tightly regulated, multifactorial  
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process driven mainly by active secretion through the ciliary 
epithelium, supported by ultrafiltration and diffusion. These 
mechanisms ensure adequate nutrient delivery to avascular ocular 
tissues, removal of metabolic waste, and maintenance of IOP, which 
is essential for optical clarity and structural stability of the eye. 
Outflow of Aqueous Humor: 
Once produced by the ciliary epithelium, the aqueous humor (AH) 
accumulates in the posterior chamber before flowing through the 
pupil into the anterior chamber. From there, it exits the eye via three 
recognized pathways, each with distinct physiological mechanisms 
and clinical relevance (Costagliola et al., 2020). The primary route 
of AH drainage is through the trabecular meshwork (TM), located 
at the iridocorneal angle of the anterior chamber. In this 
conventional outflow pathway, AH passes through the TM and 
enters Schlemm's canal. From Schlemm's canal, it is transported 
into the episcleral veins and eventually returns to the systemic 
circulation. This route is pressure-dependent, with the rate of 
drainage influenced by the intraocular pressure (IOP) and 
hydrostatic forces within Schlemm's canal. Resistance to AH flow 
can occur at multiple levels in this pathway, particularly within the 
layered structure of the TM and across the endothelial lining of 
Schlemm's canal. Variability in this resistance plays a key role in 
pathological increases in IOP, especially in conditions such as 
primary open-angle glaucoma (Buffault et al., 2020).  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The second recognized pathway, termed the uveoscleral route, 
accounts for approximately 20% of total AH outflow. In this 
pressure-independent mechanism, AH exits the anterior chamber 
through the interstitial spaces between ciliary muscle fibers, 
proceeding into the suprachoroidal space and then diffusing 
through the scleral tissue. From there, it is absorbed into the venous 
circulation of the ciliary body, choroid, and sclera. Unlike the 
trabecular outflow, this pathway does not rely on IOP gradients, 
making it a key target for pharmacological interventions. Notably, 
prostaglandin analogs used in glaucoma therapy enhance 
uveoscleral outflow, effectively lowering IOP without significantly 
altering the conventional drainage mechanism (Mehran et al., 
2020). 
A third, less prominent pathway involves the retrograde flow of AH 
from the anterior chamber through the iris and back into the 
posterior chamber. Though this mechanism contributes minimally 
to total AH drainage, its physiological relevance has been 
recognized in various intraocular dynamics. Furthermore, recent 
hypotheses have proposed the existence of alternative, 
nontraditional outflow routes, including a potential uveolymphatic 
pathway. This hypothetical mechanism suggests that AH may enter 
lymphatic-like structures associated with the uveal tissues, although 
current evidence remains limited and largely experimental 
(Costagliola et al., 2020).  
 

Table 1. Aqueous Humor Dynamics – Production and Outflow Mechanisms 
Component Description Key Details References 

AH Production 
Mechanisms 

Diffusion (5%) Passive movement of 
small solutes across 
membranes 

Kiel et al., 2011 

 Ultrafiltration (15%) Driven by hydrostatic 
and oncotic gradients 

Kiel et al., 2011 

 Active Secretion (80%) Energy-dependent, 
involves Na⁺/K⁺ ATPase, 
carbonic anhydrase 

Kiel et al., 2011 

Ciliary Epithelium Pigmented and 
nonpigmented layers 
produce AH 

Tight junctions form 
blood-aqueous barrier 

Kiel et al., 2011 

Daily AH Production ~2.5 µL/min (~3.5 
mL/day) 

Peaks midday, declines at 
night (circadian) 

Göbel et al., 2011 

Conventional Outflow Trabecular meshwork → 
Schlemm’s canal → 
episcleral veins 

Pressure-dependent, 
main route (85%) 

Buffault et al., 2020 

Uveoscleral Outflow Through ciliary muscle → 
suprachoroidal space 

Pressure-independent, 
~20% of total outflow 

Costagliola et al., 2020 

Hypothetical Pathways Uveolymphatic or 
retrograde routes 

Still under research Costagliola et al., 2020 

Pharmacologic Targets Prostaglandins (↑ 
uveoscleral), beta-
blockers, CAIs (↓ 
production) 

Used in glaucoma 
therapy 

Casson, 2022 
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In summary, the outflow of aqueous humor is a multifaceted 
process involving pressure-dependent and pressure-independent 
pathways. The trabecular meshwork–Schlemm's canal system 
serves as the dominant route and is highly sensitive to fluctuations 
in intraocular pressure. The uveoscleral pathway provides an 
auxiliary drainage mechanism that operates independently of IOP 
and offers a pharmacological target for enhancing outflow. The 
possibility of additional minor or alternative pathways reflects the 
complexity of intraocular fluid regulation and continues to be an 
area of active research. Understanding these outflow mechanisms is 
essential for the effective diagnosis and treatment of disorders such 
as glaucoma, where impaired AH drainage is a central 
pathophysiological feature. 
Physiology of Intraocular Pressure (IOP):  
Intraocular pressure (IOP) refers to the fluid pressure within the 
eye, specifically exerted by the aqueous humor (AH) against the 
internal surfaces of the anterior segment. From a physical 
standpoint, pressure represents force per unit area; thus, IOP can 
be interpreted as the net force exerted by AH volume on the ocular 
internal structures. The Goldmann equation offers a theoretical 
framework for determining IOP: IOP = (F/C) + P. In this formula, 
IOP is expressed in millimeters of mercury (mmHg), F denotes the 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
rate of AH formation, C refers to the facility of AH outflow, and P 
represents episcleral venous pressure. Alterations in any of these 
variables—aqueous production, outflow resistance, or venous 
pressure—will produce corresponding changes in IOP values 
(Casson, 2022). 
Physiologically, IOP is tightly controlled through a balance between 
AH production and drainage. Disruption of this equilibrium 
contributes significantly to ocular pathologies, particularly 
glaucoma, retinal detachment, and inflammatory conditions like 
uveitis. Acute elevations in IOP may exert mechanical compression 
on retinal structures, leading to ischemia and potential damage to 
the retinal nerve fiber layer (Dietze et al., 2024). Conversely, rapid 
decreases in IOP can trigger gas bubble formation from dissolved 
gases in microvascular regions, with resulting microemboli and 
ischemic injury to ocular tissues (Pardianto, 2015). Sustained 
elevation of IOP has been directly implicated in the 
pathophysiology of primary open-angle glaucoma (POAG), 
causing progressive optic neuropathy and irreversible visual loss 
(Mahabadi et al., 2024). 
The regulation of IOP involves complex homeostatic processes that 
govern aqueous dynamics. While sympathetic nervous system 
activation can acutely affect AH secretion—mediated via 

Table 2. Tonometry Techniques – Methods, Advantages, and Limitations 
Tonometry Type Principle Clinical Use Limitations References 

Goldmann 
Applanation 
(GAT) 

Imbert-Fick 
principle; flattens 
3.06 mm corneal 
area 

Gold standard for 
IOP measurement 

Affected by corneal 
thickness, 
curvature, tear film 

Zeppieri & 
Gurnani, 2023 

Rebound 
Tonometry (iCare) 

Measures rebound 
deceleration of 
probe 

Portable; pediatric 
and uncooperative 
patients 

Technique 
sensitive; device 
variation 

Brusini et al., 2006 

Non-Contact (Air-
puff) 

Measures corneal 
deformation from 
air pulse 

Screening; no 
corneal contact 

Less accurate than 
GAT 

Bhartiya et al., 2019 

Dynamic Contour 
Tonometry 
(Pascal) 

Matches corneal 
contour, 
independent of 
thickness 

Improved accuracy 
in biomechanically 
diverse eyes 

Expensive; limited 
availability 

Erickson et al., 
2009 

Ocular Response 
Analyzer 

Measures corneal 
hysteresis 

Evaluates corneal 
biomechanical 
properties 

Less standardized Lu et al., 2019 

MEMS/NEMS 
Sensors 

Continuous IOP 
monitoring via 
implants/lenses 

Future tech; 24-hr 
circadian IOP 
profiling 

Currently research-
focused 

Jasien et al., 2019 

Sensimed 
Triggerfish 

Contact lens 
sensor; detects 
fluctuations 

Promising for 
glaucoma 
management 

Not yet widespread Mansouri & 
Weinreb, 2015 

Corneal Thickness 
Influence 

Thicker cornea: 
Overestimated 
IOP; thinner: 
Underestimated 

Requires 
pachymetry for 
correction 

GAT adjustment 
needed 

Zeppieri et al., 2005 

 
 



ANGIOTHERAPY                                                REVIEW 
 

https://doi.org/10.25163/angiotherapy.8110305                                                                                            1–12 | | ANGIOTHERAPY | Published online Jan 15, 2024 
 

stimulation of beta-2 adrenergic receptors that enhance secretion 
and alpha-2 adrenergic receptors that suppress it—the long-term 
modulation of IOP predominantly depends on controlling aqueous 
outflow. This regulation is most prominent at the trabecular 
meshwork (TM), particularly within the juxtacanalicular region 
adjacent to Schlemm's canal. This site is considered the principal 
resistance point for aqueous outflow. 
Mechanical stress induced by elevated IOP affects the cells in the 
TM, especially in the juxtacanalicular region. These cells respond 
by initiating biochemical signaling cascades that activate matrix 
metalloproteinases (MMPs), including MMP14 and MMP2. These 
enzymes are responsible for remodeling extracellular matrix 
components and enhancing cellular turnover in the TM. The 
upregulation of MMP activity reduces outflow resistance, thereby 
facilitating increased AH drainage through Schlemm’s canal. This 
feedback mechanism represents a critical adaptation that protects 
against excessive IOP elevation under physiological and 
pathological conditions (Vranka et al., 2015; Acott et al., 2014). This 
tightly integrated feedback system underscores the precision 
required to maintain IOP within a physiologically normal range. 
Disruption in the production, drainage, or signaling pathways 
related to aqueous dynamics leads to pathological fluctuations in 
IOP, which, if sustained, result in irreversible structural and 
functional ocular damage. Thus, understanding the physiology of 
IOP is essential for early recognition, effective management, and 
therapeutic innovation in diseases associated with intraocular 
hypertension. 
Tonometry: 
Tonometry is the clinical technique used to measure intraocular 
pressure (IOP). Accurate assessment of IOP is essential for the 
diagnosis and management of glaucoma and other ocular disorders 
where elevated pressure is a risk factor. Several tonometry methods 
exist, but Goldmann applanation tonometry (GAT) remains the 
most widely accepted standard in clinical ophthalmology due to its 
proven reliability and consistency across diverse patient 
populations (Brusini et al., 2021; Zeppieri & Gurnani, 2023) (Table 
2). Developed in 1948 by Hans Goldmann, GAT measures the force 
required to flatten a standard 3.06 mm diameter area of the cornea. 
This area was chosen based on the balance between corneal rigidity 
and tear film surface tension, which cancels out at that diameter. 
GAT operates on the Imbert-Fick principle, which states that the 
internal pressure of a sphere equals the external force needed to 
flatten a portion of its surface divided by the area flattened 
(Campbell et al., 2022). In practice, normal IOP ranges between 11 
and 21 mmHg. Diurnal variations occur naturally, with peak 
pressures typically occurring in the early morning hours. 
While GAT remains the preferred tool in many clinical settings, it 
is not without limitations. The Imbert-Fick principle applies to 
idealized, dry, thin, and perfectly spherical surfaces—conditions 

that the human cornea does not meet (Mark, 2012; Lu et al., 2019). 
Corneal thickness and biomechanical properties, such as rigidity 
and elasticity, influence the accuracy of applanation readings. For 
instance, patients with thicker central corneas require more force to 
applanate the same area, leading to falsely elevated IOP readings. 
Conversely, thin corneas—either naturally occurring or following 
procedures such as LASIK—can result in underestimation of IOP 
(Erickson et al., 2009; Zeppieri et al., 2005). As a result, central 
corneal thickness measurement (pachymetry) is a critical adjunct 
when interpreting GAT results, particularly in glaucoma risk 
stratification. 
Alternative tonometry methods have been developed to overcome 
some of these limitations and to provide flexible options for 
different clinical circumstances. Rebound tonometry, for example, 
uses a small, lightweight probe that makes brief contact with the 
cornea and measures the deceleration of the probe upon impact. 
This modality is particularly useful for pediatric patients, 
individuals with disabilities, or postoperative patients where GAT 
may be inappropriate or poorly tolerated (Brusini et al., 2006; Bader 
et al., 2023). Portable rebound tonometers, such as the iCare 
tonometer, are increasingly used in both clinical and home-
monitoring contexts. However, due to variations in technique and 
calibration across devices, readings from different tonometry 
systems are not directly interchangeable (Sagri et al., 2015). 
Other alternatives include non-contact (air-puff) tonometry, 
dynamic contour tonometry (Pascal tonometer), and ocular 
response analyzers, each offering different approaches to account 
for corneal biomechanics. Non-contact tonometry is commonly 
used in mass screenings due to its ease of use and absence of corneal 
contact, but it is generally considered less accurate than GAT. 
Dynamic contour tonometry attempts to provide more accurate 
IOP measurements by contour-matching the corneal shape, which 
helps minimize errors related to corneal thickness and rigidity. 
Emerging technologies in IOP monitoring include 
microelectromechanical systems (MEMS) and 
nanoelectromechanical systems (NEMS) that enable continuous 
24-hour IOP monitoring (Mansouri & Weinreb, 2015). These 
implantable or wearable sensors transmit real-time IOP data, 
capturing fluctuations that might not be detected during standard 
clinic visits. Circadian variations and pressure spikes, particularly 
during sleep, are significant in the progression of glaucoma. Devices 
such as the Sensimed Triggerfish (a contact lens-based sensor) 
provide a non-invasive method to record these variations. Although 
currently used mainly in research, these systems are expected to 
play a larger role in the future management of glaucoma and ocular 
hypertension as further safety and validation studies are completed 
(Bhartiya et al., 2019). 
Despite technological advances, several factors must still be 
considered during tonometry to ensure reliable IOP assessment. 
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Ocular surface conditions, such as corneal edema or scarring, can 
interfere with readings. Tear film abnormalities can also affect 
applanation tonometry, potentially leading to inconsistent results. 
Furthermore, patient cooperation is critical, particularly in 
methods requiring alignment or sustained fixation. 
To summarize, while Goldmann applanation tonometry remains 
the gold standard for IOP measurement due to its long-standing 
validation and clinical utility, it requires contextual interpretation. 
Corneal thickness, rigidity, and ocular anatomy all influence 
measurement accuracy. Newer techniques and devices offer 
practical alternatives in specific settings and provide additional 
insight through continuous pressure monitoring. As technology 
evolves, tonometry will continue to play an essential role in early 
detection, risk assessment, and treatment monitoring in pressure-
related ocular diseases. Integrating corneal measurements, patient-
specific variables, and advanced sensor-based monitoring may offer 
a more comprehensive approach to ocular pressure management in 
the future. 
Normal Intraocular Pressure (IOP): 
The intraocular pressure (IOP) in healthy individuals is typically 
between 10 and 21 mmHg. This range is based on findings from 
early population-based studies conducted by Leydhecker in 1958 
and Hollows and Graham in 1966, who examined large numbers of 
individuals without ocular pathology (Jonas et al., 2017; Leydhecker 
et al., 1958; Hollows & Graham, 1966) (Table 3). These studies 
reported an average IOP of approximately 15–16 mmHg, with a 
standard deviation of about 2 to 3 mmHg. Using statistical 
distribution principles, the normal IOP range was derived by 
calculating the mean ± 2 standard deviations, which encompasses 
95% of the population. This led to the widely accepted clinical 
reference range of 10 to 21 mmHg (Shiose, 1990). 
While this range helps guide routine screening and diagnostic 
decisions, it is important to recognize that a "normal" IOP does not 
rule out disease. IOP is only one component in assessing ocular 
health, and other factors, such as corneal thickness, optic nerve 
morphology, and visual field testing, are also critical in forming a 
comprehensive evaluation. 
Ocular Hypertension and Glaucoma 
Ocular hypertension (OHT) is defined as a consistently elevated 
IOP above 21 mmHg in the absence of clinical signs of 
glaucomatous optic nerve damage or visual field loss. These patients 
present with open anterior chamber angles upon gonioscopic 
examination and have no evident structural or functional 
abnormalities. Although elevated IOP is a known risk factor for 
glaucoma, not all individuals with OHT will develop glaucomatous 
optic neuropathy (Hoffmann & Lamparter, 2016). 
Glaucoma itself is not defined solely by elevated IOP. It is a 
progressive optic neuropathy characterized by the loss of retinal 
ganglion cells and thinning of the retinal nerve fiber layer. The 

hallmark signs include excavation of the optic nerve head 
(increased cup-to-disc ratio) and corresponding visual field defects. 
Glaucoma may develop in eyes with statistically normal IOP, as is 
the case in normal-tension glaucoma (NTG), where optic nerve 
damage occurs despite IOP readings within the traditional 10–21 
mmHg range (Esporcatte & Tavares, 2016). 
The Ocular Hypertension Treatment Study (OHTS) provided 
valuable insight into the risk of progression from OHT to primary 
open-angle glaucoma. This large-scale clinical trial followed 
patients over five years and found that less than 10% of untreated 
OHT cases progressed to glaucoma, compared with only 5% in the 
group receiving ocular hypotensive therapy (Kass et al., 2002). 
These findings suggest that while elevated IOP is a risk factor, it is 
not a definitive predictor of glaucoma development. 
Moreover, the progression of glaucomatous damage can occur at 
various IOP thresholds, depending on individual susceptibility. 
Risk factors include family history, African or Asian ethnicity, age, 
thin central corneal thickness, and the presence of systemic vascular 
conditions such as hypotension or vasospasm. These factors must 
be considered when assessing the significance of IOP values in a 
given patient. 
Normal-tension glaucoma remains a diagnostic challenge. It is 
often identified during routine examinations or after patients report 
subtle changes in peripheral vision. Because IOP in NTG does not 
exceed 21 mmHg, diagnosis relies heavily on optic nerve imaging 
and perimetric testing. Treatment is generally directed at lowering 
IOP further, even if within normal range, as studies have shown that 
reducing IOP can slow disease progression in NTG patients. 
In summary, while IOP values between 10 and 21 mmHg are 
statistically considered normal, these values must be interpreted in 
the context of other clinical findings. Ocular hypertension and 
glaucoma demonstrate that IOP alone cannot be the sole 
determinant of disease presence or progression. Comprehensive 
ophthalmic evaluation remains essential to detect optic nerve 
damage early, even in individuals with normal or borderline IOP. 
Ocular Hypotony 
Ocular hypotony is a relatively uncommon but clinically significant 
condition defined by intraocular pressure (IOP) less than 7 mm Hg. 
This value is derived based on statistical definitions using the 
normal mean IOP minus three standard deviations [36]. However, 
the definition of hypotony extends beyond numerical thresholds. It 
includes any clinical state where an abnormally low IOP leads to 
structural or functional changes within the eye that threaten visual 
function. Hypotony may result from various causes including 
surgical procedures, trauma, inflammation, infection, or 
medication-induced aqueous suppression. 
Postoperative hypotony is most commonly associated with 
glaucoma filtration surgery or cataract surgery, particularly when 
there is a wound leak or overfiltration. Traumatic hypotony may  
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result from cyclodialysis clefts or ciliary body dysfunction. 
Inflammatory and infectious conditions such as uveitis can lead to 
reduced aqueous humor production and thus decreased IOP. In 
these cases, the pathophysiology involves impaired secretion rather 
than increased outflow. Iatrogenic causes include overuse of 
aqueous suppressants or complications from intraocular injections 
or devices. Clinically, hypotony may lead to vision-threatening 
sequelae such as maculopathy, choroidal effusion, optic disc edema, 
or corneal decompensation. Management strategies focus on 
identifying and correcting the underlying cause. This may include 
cessation of aqueous suppressants, use of cycloplegic or anti-
inflammatory agents, or surgical intervention in cases of structural 
defects. Monitoring IOP, anterior chamber depth, and visual acuity 
are essential in follow-up care. Addressing hypotony early is critical 
to prevent irreversible structural damage and preserve visual 
function. (Wang et al., 2018) 
Variations of IOP 
Intraocular pressure, like other biological parameters, displays 
measurable variation in response to both internal physiological 
cycles and external influences. One of the most well-documented 
patterns is the circadian rhythm of IOP, with pressure typically 
peaking in the early morning hours and declining throughout the 
day (Jasien et al., 2019). Normal diurnal IOP fluctuation in healthy 
individuals tends to remain within a 6 mm Hg range. Variations 
greater than 10 mm Hg are considered abnormal and may be 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
indicative of underlying pathology, particularly glaucoma (Singh & 
Shrivastava, 2009). The mechanisms behind diurnal variation 
include hormonal regulation, changes in body posture, aqueous 
humor dynamics, and episcleral venous pressure. For example, 
sleeping in a supine position increases episcleral venous pressure, 
contributing to higher morning IOP. Cortisol levels and 
sympathetic nervous system activity also follow circadian patterns 
that influence aqueous humor production and outflow. 
Beyond circadian variation, numerous factors can influence IOP 
measurements. These include age, sex, race, genetic predisposition, 
systemic diseases such as diabetes and hypertension, and lifestyle 
factors such as caffeine intake, alcohol consumption, physical 
activity, and stress levels (Shiose, 1990). Obesity, sleep apnea, and 
thyroid dysfunction are also associated with altered IOP. 
Measurement technique introduces another source of variability. 
Goldmann applanation tonometry remains the gold standard but is 
influenced by central corneal thickness and corneal biomechanics. 
Thicker corneas tend to overestimate IOP, whereas thinner corneas 
underestimate it. Alternative devices like rebound tonometers and 
non-contact tonometers may yield different values, and their results 
are not directly interchangeable with Goldmann measurements. 
Environmental factors such as ambient temperature and season 
have also been reported to affect IOP, possibly through vascular and 
autonomic modulation. Even the time of year or climate conditions 
may contribute to observable fluctuations. 

Table 3. Intraocular Pressure – Physiological Ranges, Disorders, and Pathologies 
Condition Definition IOP Range 

(mmHg) 
Associated Risks Key Notes References 

Normal IOP Statistically 
normal 
population range 

10–21 Low glaucoma 
risk in general 

Based on mean 
± 2SD from 
population data 

Leydhecker et 
al., 1958 

Ocular 
Hypertension 
(OHT) 

Elevated IOP, no 
optic nerve/visual 
damage 

>21 Glaucoma 
progression risk 

Requires 
monitoring and 
risk 
stratification 

Boey & 
Mansberger, 
2014 

Primary Open-
Angle 
Glaucoma 
(POAG) 

Progressive optic 
neuropathy with 
open angle 

Often >21, but 
not always 

Visual field loss, 
optic disc 
cupping 

Most common 
type; chronic 

Jonas et al., 
2017 

Normal-
Tension 
Glaucoma 
(NTG) 

Glaucomatous 
damage despite 
normal IOP 

≤21 Underrecognized; 
influenced by 
vascular 
dysregulation 

Treated by 
further IOP 
lowering 

Esporcatte & 
Tavares, 2016 

Ocular 
Hypotony 

Abnormally low 
IOP impacting 
structure/function 

<7 Retinal 
detachment, 
choroidal 
effusion 

May result 
from surgery, 
trauma, 
inflammation 

Obuchowska & 
Mariak, 2005 

IOP 
Fluctuations 

Circadian changes 
in IOP 

Up to 6 
mmHg/day 
(normal); >10 = 
concern 

Glaucoma 
progression risk 

Continuous 
monitoring 
beneficial 

Singh & 
Shrivastava, 
2009 
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Understanding these sources of variability is essential in clinical 
practice. Isolated IOP readings may not fully reflect a patient’s risk 
profile or disease status. Multiple measurements across different 
times of day and consistent use of the same tonometry method are 
recommended for reliable monitoring. In certain cases, 24-hour 
IOP monitoring may be necessary to detect abnormal pressure 
fluctuations that are not captured during clinic visits. Such a 
comprehensive approach improves diagnostic accuracy and 
supports individualized glaucoma risk assessment and 
management. 
Issues of Concern 
Homeostasis of intraocular pressure (IOP) plays a critical role in the 
preservation of ocular structure and function. Disruption of this 
delicate equilibrium, whether through persistent elevation or 
pathologic reduction of IOP, contributes significantly to the 
development of multiple ocular pathologies, including glaucoma, 
anterior uveitis, and choroidal detachment. While subtle variations 
in IOP occur in physiological contexts, sustained deviations beyond 
the normal range often require clinical intervention. Individuals 
with IOP above 21 mm Hg frequently remain asymptomatic, 
especially when the elevation is chronic and gradual. In such cases, 
there is no immediate loss of central vision, pain, or redness. This 
absence of acute symptoms contrasts with the abrupt and severe 
IOP elevation seen in acute angle-closure glaucoma, where patients 
often experience visual disturbances, severe ocular pain, and 
systemic symptoms (Khazaeni et al., 2023). The asymptomatic 
nature of ocular hypertension (OHT) underscores the importance 
of routine ophthalmologic evaluations, as patients may not present 
until significant glaucomatous damage has already occurred. Even 
in the absence of optic nerve damage or visual field loss, patients 
with OHT are at increased risk of developing primary open-angle 
glaucoma (POAG), necessitating close surveillance (Boey & 
Mansberger, 2014; Schuster et al., 2021). 
POAG is defined by the American Academy of Ophthalmology 
(AAO) as a chronic, progressive optic neuropathy characterized by 
specific optic nerve head abnormalities, thinning of the retinal 
nerve fiber layer, and corresponding visual field defects in the 
absence of other causative factors (Prum et al., 2016) (Table 4). 
Elevated IOP is one of the most recognized and modifiable risk 
factors associated with POAG. However, the exact 
pathophysiological mechanisms linking elevated IOP to 
glaucomatous optic neuropathy remain incompletely understood. 
Several theories have been proposed, with direct mechanical 
compression of the retinal ganglion cell axons being the most 
prominent (Pang & Clark, 2020). Additionally, biomechanical 
stress exerted on the optic nerve head may result in disruption of 
the astrocytic support system, compromising metabolic exchange 
and leading to retinal ganglion cell death (Dai et al., 2012). Ischemic 
mechanisms have also been implicated, including compression of 

the small vessels that supply the optic nerve, contributing to axonal 
degeneration and optic atrophy (Erichev et al., 2021).  
Recent evidence suggests that IOP is not static throughout the 24-
hour cycle but instead fluctuates according to circadian rhythms. 
Notably, these nocturnal fluctuations in IOP may play a role in the 
progression of glaucoma, particularly in patients whose daytime 
IOP measurements appear normal (McMonnies, 2014). As such, 
there is increasing interest in developing continuous IOP 
monitoring systems to better understand and manage these 
variations. Present therapeutic strategies for glaucoma, including 
pharmacological agents, laser treatments, and surgical 
interventions, all share the common objective of lowering IOP to 
reduce the risk of further optic nerve damage (Conlon et al., 2017). 
In addition to glaucoma, anterior uveitis poses a significant 
challenge to IOP regulation. Inflammatory processes within the 
anterior uveal tract, particularly the ciliary body, can lead to either 
increased or decreased IOP depending on the mechanism involved. 
In cases where the inflamed ciliary body reduces aqueous humor 
production, hypotony may ensue, posing risks of choroidal effusion 
and vision loss. Conversely, when inflammation obstructs aqueous 
outflow pathways, elevated IOP may occur, leading to secondary 
inflammatory glaucoma. Chronic IOP elevation in the setting of 
uveitis can result in irreversible optic nerve damage, making timely 
diagnosis and intervention critical (Martin et al., 2002). 
Serous choroidal detachment represents another severe 
complication of dysregulated IOP, particularly in the context of 
ocular hypotony. A significant drop in IOP increases the transmural 
pressure gradient across the choroidal vessels, facilitating the 
movement of serum into the suprachoroidal space. This fluid 
accumulation causes separation of the choroid from the underlying 
sclera, often extending to involve the retina. Progressive 
detachment can lead to substantial visual impairment if not 
promptly managed (Obuchowska & Mariak, 2005). 
Taken together, these examples highlight the clinical importance of 
maintaining IOP within a narrow physiological range. Deviations, 
whether above or below normal thresholds, may have profound 
implications for ocular health. While elevated IOP is more 
commonly discussed due to its association with glaucoma, low IOP 
presents equally serious risks, especially when prolonged. 
Diagnostic vigilance, routine screening, and targeted interventions 
remain central to the effective prevention and management of IOP-
related pathologies. Future research focused on identifying the 
molecular and biomechanical pathways underlying IOP 
dysregulation may lead to novel treatments capable of preserving 
vision and preventing irreversible optic nerve damage. 
Clinical Significance 
Elevated intraocular pressure (IOP) remains the most significant 
modifiable risk factor in the pathogenesis of primary open-angle 
glaucoma (POAG). While not all patients with high IOP progress  
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to glaucoma, numerous large-scale studies have confirmed the 
direct correlation between sustained elevation in IOP and the 
gradual damage to the optic nerve. Other contributing factors for 
the development of POAG include advancing age, increased cup-
to-disc ratio, thinner central corneal thickness (CCT), and pattern 
standard deviation in visual field tests. In clinical practice, 
measuring IOP plays a critical role in identifying individuals at risk 
for glaucomatous optic neuropathy, even before structural or 
functional damage has occurred. 
The Ocular Hypertension Treatment Study (OHTS) provided 
essential insight into the clinical relevance of IOP in ocular 
hypertension (OHT). This trial demonstrated that individuals with 
elevated IOP—particularly when accompanied by decreased 
corneal thickness—were at significantly higher risk for developing 
POAG. The findings further emphasized that early intervention 
with topical hypotensive agents in patients with OHT effectively 
delayed or even prevented progression to glaucoma (Kass et al., 
2002). This has informed the management approach to high-risk 
patients, establishing the importance of CCT measurements in risk 
stratification. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Despite evidence supporting treatment benefits in selected high-
risk groups, the utility of IOP measurement as a standalone 
screening tool for POAG in the general population remains 
contested. Population-based studies have reported a wide variation 
in the proportion of patients with elevated IOP who actually 
develop glaucoma. Many individuals with IOP above 21 mmHg 
never progress to visual impairment, while others with normal IOP 
develop optic nerve damage—referred to as normal-tension 
glaucoma. This variance has undermined the predictive value of 
relying solely on an IOP cutoff of 21 mmHg for diagnosis or 
screening. 
The American Academy of Ophthalmology (AAO), reflecting on 
the limitations of IOP-based screening, has discouraged the use of 
isolated IOP readings in population-level screening programs. The 
AAO recommends comprehensive adult eye evaluations that 
incorporate optic nerve assessment, visual field testing, and risk 
factor analysis to detect glaucoma more reliably (Prum et al., 2016). 
Furthermore, the United States Preventive Services Task Force 
(USPSTF) has cautioned against potential harm from overdiagnosis 
and overtreatment, which may result from non-specific screening 

Table 4. Clinical and Interprofessional Roles in IOP Management 
Role/Professional Key 

Responsibilities 
Clinical Contexts Impact on Patient 

Care 
References 

Ophthalmologist Diagnosis, 
treatment, surgery, 
tonometry 
supervision 

All IOP-related 
disorders 

Direct IOP-
lowering 
interventions 

Prum et al., 2016 

Optometrist Routine screening, 
GAT 
administration, 
referral 

Primary eye care Early detection, 
follow-up 

Campbell et al., 
2022 

Pharmacist Medication review, 
adherence, 
education 

Acute & chronic 
IOP management 

Prevents drug 
interactions; 
improves 
compliance 

Casson, 2022 

Nurse/Ophthalmic 
Tech 

Tonometry, 
pre/post-op care, 
patient education 

Clinics, emergency, 
follow-up 

Frontline IOP 
tracking, triage 

Feder et al., 2016 

Emergency 
Physician 

Recognition, 
urgent care of 
angle-closure 
glaucoma 

Acute red eye, 
vision loss, IOP 
spikes 

Initiates timely 
IOP-lowering 
therapy 

Khazaeni et al., 
2023 

Rehabilitation 
Specialist 

Support in vision 
loss or chronic 
impairment 

Advanced 
glaucoma patients 

Improves quality of 
life 

Warjri & Senthil, 
2022 

Public Health Screening 
initiatives, 
vaccination, 
awareness 

Community 
programs 

Reduces blindness 
burden 

Summaries for 
Patients, 2013 

Technology 
Developers 

Design of 
tonometers, 
sensors 

Diagnostics R&D Advances early 
detection tools 

Pang & Clark, 2020 
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practices based solely on IOP (Summaries for patients, 2013). False 
positives may subject patients to unnecessary lifelong treatment, 
anxiety, and complications from medication or surgery, without 
definite benefit. 
These findings have significant implications for public health policy 
and clinical decision-making. Instead of routine mass screening, 
current guidelines advocate targeted evaluation in individuals with 
known risk factors such as age over 40, family history of glaucoma, 
African or Hispanic ancestry, or systemic conditions like diabetes 
and hypertension (Feder et al., 2016). For such individuals, periodic 
comprehensive ocular evaluations offer a better yield in identifying 
those at risk of glaucoma. In clinical settings, accurate 
interpretation of IOP measurements must consider individual 
variability in corneal biomechanics, diurnal IOP fluctuations, and 
measurement methods. Central corneal thickness, for instance, 
directly affects applanation tonometry readings and should always 
be accounted for when assessing risk. 
In conclusion, while IOP remains a cornerstone in glaucoma 
management and risk assessment, its role as an isolated screening 
parameter is limited. A multifactorial, individualized approach is 
necessary for early detection and prevention of vision loss from 
POAG. The future lies in integrating structural and functional 
assessments, biomarker research, and risk-based algorithms to 
guide clinical decisions more precisely. 
Pharmacists, Nursing, and Interprofessional Team 
Interventions 
Intraocular pressure (IOP) assessment is a standard component of 
every comprehensive ophthalmological examination. Regular 
measurement is essential for detecting and monitoring conditions 
such as ocular hypertension, glaucoma, and postoperative 
complications. While Goldmann applanation tonometry (GAT) 
remains the reference method used primarily by optometrists and 
ophthalmologists, other reliable techniques—such as rebound 
tonometry or non-contact tonometry—are valuable in specific 
situations. These devices can be safely operated by trained 
ophthalmic technicians, nurses, and emergency medicine 
physicians, depending on patient context and setting. 
Effective communication and coordination between team members 
are essential in managing IOP-related conditions. Interprofessional 
collaboration ensures continuity and accuracy in IOP monitoring, 
particularly when patients are seen across different care settings or 
by various healthcare providers. IOP values should be documented 
clearly and communicated to all involved clinicians to track changes 
over time. If discrepancies arise, remeasurement using an 
alternative tonometer should be considered to validate findings, 
especially when IOP readings deviate from expected trends or are 
inconsistent with the clinical presentation. 
Pharmacists, nurses, and allied health professionals play a central 
role in IOP screening, triage, and monitoring. They may assist in 

identifying patients at risk, educating them on treatment 
compliance, and supporting routine follow-up care. Proper 
technique in tonometry and understanding factors that influence 
measurement accuracy, such as corneal thickness, eye position, and 
patient cooperation, are vital for reliable results. In emergency 
situations, such as suspected acute angle-closure glaucoma, rapid 
assessment and intervention are critical. Emergency physicians or 
triage nurses must be trained to recognize key warning signs—
severe eye pain, headache, blurred vision, halos around lights, 
nausea, and a mid-dilated pupil. If angle-closure is suspected, IOP 
must be measured promptly. Emergency department staff should 
coordinate immediately with ophthalmology for confirmation and 
guidance on initiating IOP-lowering therapy. 
Timely administration of medications such as topical beta-blockers, 
alpha agonists, or systemic agents like acetazolamide may be needed 
to reduce IOP before definitive surgical or laser intervention. 
Prompt action can preserve vision and prevent irreversible optic 
nerve damage. Documentation of the IOP values, treatment steps 
taken, and time of intervention must be accurately recorded and 
communicated to all members of the care team. The role of the 
interprofessional team extends beyond acute care. Long-term 
monitoring of patients with glaucoma or ocular hypertension 
requires scheduled assessments, medication adherence review, 
patient education, and support for behavioral interventions (e.g., 
adherence to daily eye drops). Nurses and technicians are critical in 
reinforcing these practices and identifying barriers to treatment 
compliance. 
Standardizing measurement protocols, improving inter-team 
communication, and reinforcing clinical roles contribute to better 
IOP management and improved visual outcomes. All team 
members—ophthalmologists, optometrists, emergency physicians, 
nurses, and allied health professionals—must work collaboratively, 
applying shared clinical knowledge, timely interventions, and 
consistent patient tracking. 
 
Conclusion 
Intraocular pressure (IOP) is a vital determinant of ocular health, 
with its dysregulation implicated in glaucoma, the leading cause of 
irreversible blindness worldwide. While the traditional IOP range 
of 10–21 mmHg serves as a clinical benchmark, it is not absolute; 
normal-tension glaucoma demonstrates that optic nerve damage 
can occur even within this range, whereas some individuals with 
elevated IOP never develop glaucoma. This underscores the need 
for a comprehensive diagnostic approach, integrating IOP 
measurement with optic nerve evaluation, visual field testing, and 
corneal thickness assessment. Goldmann applanation tonometry 
remains the gold standard for IOP measurement, but its 
limitations—particularly corneal biomechanical influences—
highlight the importance of adjunctive tools like dynamic contour 
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tonometry or rebound tonometry. Emerging technologies, such as 
implantable sensors and contact lens-based systems, promise to 
revolutionize IOP monitoring by capturing circadian fluctuations 
and pressure spikes missed in clinic settings. These innovations may 
enable earlier intervention and personalized treatment strategies. 
The management of IOP-related disorders relies on 
interprofessional collaboration. Ophthalmologists, optometrists, 
nurses, and allied health professionals must work together to ensure 
accurate tonometry, patient education, and adherence to therapy. 
In acute settings, such as angle-closure glaucoma, rapid IOP 
assessment and intervention are vision-saving. For chronic 
conditions like ocular hypertension, risk stratification guides 
treatment decisions, balancing the benefits of IOP-lowering therapy 
against potential overtreatment. Future research should focus on 
refining IOP measurement techniques, validating novel 
biomarkers, and elucidating the mechanisms linking IOP 
fluctuations to optic nerve damage. By integrating advanced 
diagnostics with collaborative care, healthcare professionals can 
optimize outcomes for patients at risk of vision loss from IOP-
related pathologies. 
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