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Abstract

The translucent appearance of the conjunctiva allows for immediate visualization of changes in the 

circulation of the conjunctival microvasculature consisting of extensive branching of superficial 

and deep arterial systems and corresponding drainage pathways, and the translucent appearance of 

the conjunctiva allows for immediate visualization of changes in the circulation. Conjunctival 

hyperemia is caused by a pathological vasodilatory response of the microvasculature in response 

to inflammation due to a myriad of infectious and non-infectious etiologies. It is one of the most 

common contributors in ocular complaints that prompts visits to medical centers. Our 

understanding of these neurogenic and immune-mediated pathways has progressed over time and 

played a critical role in developing targeted novel therapies. Due to a multitude of underlying 

etiologies, patients must be accurately diagnosed for the efficacious management of conjunctival 

hyperemia. The diagnostic techniques used for the grading of conjunctival hyperemia have also 

evolved from descriptive and subjective grading scales to more reliable computer-based objective 

grading scales.
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1. INTRODUCTION

Ocular complaints are responsible for approximately 2–3% of patient visits to primary care 

physicians and emergency facilities, of which the majority are for the management of 

conjunctival hyperemia.[1–3] However, the current literature reports limited evidence about 

the prevalence of conjunctival hyperemia due to its self-limiting nature. Conjunctival 

hyperemia is caused by a wide range of etiologies that prompts a pathological vasodilatory 

response of the microvasculature in the conjunctival tissue and is the most common non-

refractive ocular complaint requiring medical care.[4]

The localized inflammatory changes due to infectious and non-infectious etiologies cause 

vasodilation of conjunctival microvessels, and subsequently, hyperemia and edema. 

Although most cases of conjunctivitis are benign and self-limiting, some may forebode 

vision-threatening disorders or even act as an indicator of underlying systemic disease; 

therefore, it is necessary to discern the underlying causes of conjunctival hyperemia.[5–7] 

Ocular redness with variable degrees of conjunctival erythema is also associated with 

inflammation of other ocular tissues such as uveitis, episcleritis, scleritis, glaucoma, 

keratitis, and subconjunctival hemorrhage.[8] Due to its high prevalence, conjunctival 

hyperemia can impinge on the loss of time from work and social activities, as well as 

creating a recurrent burden of the cost of treatment and care for the patients.[1,4,9]

Herein, we provide an overview of the microanatomy of the conjunctival vasculature, 

followed by a detailed analysis of the different etiologies that cause conjunctival hyperemia. 

We outline the immune response and associated pathophysiological mechanisms prompting 

the disease to provide a comprehensive summary. Furthermore, we briefly discuss available 

diagnostic modalities and novel platforms under development for the clinical diagnosis of 

conjunctival hyperemia.

2. ANATOMY OF CONJUNCTIVAL VASCULATURE

2.1. ARTERIAL SUPPLY OF THE CONJUNCTIVA

The arterial circulation of the conjunctiva consists of marginal and peripheral tarsal arcades, 

anterior and deep ciliary systems. (Figure 1) The peripheral tarsal arcade runs along the 

upper border of the tarsus muscle between the two parts of the levator palpebrae superioris, 

in the tarsal plate, fornix, and proximal bulbar conjunctiva. [10] The perforating branches of 

the peripheral tarsal arcade either pass over the tarsal plate or through the palpebral muscle, 

further bifurcating into ascending and descending conjunctival arteries. [11] The ascending 

conjunctival arteries pass above the fornix towards the orbit, further dividing into the 

posterior conjunctival arteries. By contrast, the descending branches provide blood supply to 

the proximal two-thirds of the tarsal conjunctiva, anastomosing with the shorter branches of 

the marginal artery, which have pierced the tarsal plate at the subtarsal fold. [12] The 

primary arterial supply for the bulbar conjunctiva consists of anastomoses between the 

anterior conjunctival arteries and ascending branches of the conjunctival arteries, close to the 

limbus. The peripheral tarsal arcade in the lower lid arises from the lacrimal, transverse 

facial, or superficial temporal arteries and occurs anteriorly to the inferior palpebral muscle 

of Muller with a similar distribution to that of the upper lid. [13] However, when it is not 
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formed, the inferior tarsal plate, fornix, or bulbar conjunctiva are then supplied by the 

marginal arcade or muscular arteries to the inferior rectus.

The episcleral branches of the anterior ciliary artery communicate to form the deep 

episcleral capillary net of the pericorneal plexus. At the limbus, the episcleral branches enter 

the bulbar conjunctiva to form the anterior conjunctival arteries, which form an anastomosis 

with branches of the posterior conjunctival artery in proximity to the limbus. The perilimbal 

branches of the anterior ciliary artery anastomose to form the superficial or conjunctival part 

of the pericorneal plexus. At the limbus, the episcleral arteries give rise to a marginal 

pericorneal arcade extending to the peripheral edge of Bowman’s layer of the cornea as well 

as extending to the palisades of Vogt at the upper and lower limbus. [14]

Patterns of redness due to various underlying etiologies are attributed to the distinct vascular 

anatomy of the different parts of the conjunctiva. Therefore, in cases of conjunctivitis 

affecting the bulbar conjunctiva, the redness extends to the fornix and tarsal plate, sparing 

the episcleral circulation. The bulbar conjunctiva in the perilimbal area, episcleral and limbal 

circulation consists of the deep ciliary arterial circle formed by the scleral perforating and 

the anterior ciliary arteries.

The deep red color of the tarsal conjunctiva is attributed to its extensive circulation. By 

contrast, the bulbar conjunctiva is colorless unless congested. Additionally, the congested 

bulbar vessels’ arc is mobile with the conjunctiva and blanches poorly upon pressure, 

whereas the palpebral vasculature is fixed, and therefore blanches on direct application of 

pressure.

2.2. VENOUS DRAINAGE OF THE CONJUNCTIVA

The venous drainage of the conjunctiva consists of one or more veins corresponding to their 

respective arteries. (Figure 1) Palpebral veins drain the fornix, tarsal, and posterior bulbar 

conjunctiva. [15] The venous return from the upper lid occurs via venous plexus formed in 

the tendons of the levator palpebrae superioris, which drains into the veins of the levator and 

superior rectus and eventually into the ophthalmic vein. [16]

The perilimbal venous circle consists of three communicating veins occurring posteriorly to 

the limbal venous arcades and anteriorly to the episcleral arterial circle. [17] The venous 

return from the limbus, marginal arcades, and anterior conjunctival veins is drained by 

communicating veins into radial episcleral collecting veins, which eventually reach the 

venous drainage of rectus muscles. [18] Additionally, these veins receive venous blood from 

the episcleral veins as well as veins draining the deeper parts of the sclera. These veins leave 

the globe surface above the rectus muscles.

3. PHYSIOLOGY OF CONJUNCTIVAL CIRCULATION

The conjunctival and retinal microvascular systems both originate from the internal carotid 

artery and consist of extensive anatomical networks of branching capillaries, arterioles, and 

venules, with multiple anastomoses described in the previous section. Numerous studies 

have placed the vasculature diameter between 5 and 70 μm with flow velocities in venules 
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and arterioles ranging from 0.52 to 3.26 mm/s. [19–21] Moreover, the conjunctival 

circulation has an anatomical resemblance to areas of the brain supplied by branches of the 

internal carotid artery, mainly due to comparative vessel caliber of the vasculature and equal 

distance from the feeding vessel in the branching tree. Therefore, these two circulations have 

corresponding hydraulic fluid dynamics [20]. The bulbar conjunctival microvascular bed is 

encased in a semi-transparent membrane above the white sclera, thereby rendering real-time, 

in-vivo , and non-invasive measurements of conjunctival hyperemia possible, thus helping in 

the diagnosis of microvascular dysfunction and vasculopathies associated with the cerebral 

cortex and kidneys [19,22,23]. Duench and colleagues have used a spectrophotometer to 

report cyclical patterns of conjunctival hyperemia [24]. Multiple novel instruments such as 

digital imaging analysis and measurement of circulating blood flow velocity based on red 

blood cell displacement in successive image frames of the conjunctival vasculature have also 

been previously reported in normal subjects, as well as in pathological changes associated 

with diseases such as dry eye disease (DED), sickle cell anemia, diabetes, and Alzheimer’s 

[25–33]

4. ETIOLOGIES OF CONJUNCTIVAL HYPEREMIA

Conjunctival hyperemia is associated with a multitude of etiologies that cause dilation of the 

microvasculature, resulting in a reddish appearance of the conjunctival tissue. Clinically, it is 

primarily a nonspecific sign associated with seasonal allergens, ocular surface infections, 

fatigue, and even underlying systemic diseases in some cases. The etiologies causing 

conjunctivitis can be distinguished into infectious or non-infectious.

A detailed ocular and systemic history along with a thorough assessment of the hyperemic 

patterns, laterality, duration, associated pain, intraocular pressure (IOP) are relevant for an 

accurate diagnosis. [2]. Accurate assessment of the underlying causes of conjunctival 

hyperemia is vital in differentiating systemic causes from a localized inflammatory response 

to tailor the treatment plan accordingly. Upon initial analysis of the eye, if causes of 

conjunctival hyperemia are not associated with corneal or conjunctival disorders, assessment 

of commonly associated factors such as photophobia, duration, ocular pain, and IOP 

provides insight into internal structures such as the sclera, uvea, or iris that may be affected, 

requiring a comprehensive ophthalmological examination [34] Other clinical presentations, 

such as changes in the skin of the eyelids, presence, color, and consistency of ocular 

discharge, contact lens wear, and ocular medications, should also be considered. Timing and 

seasonality of onset of symptoms help in differentiating types of allergic conjunctivitis. By 

contrast, discerning immediate history before the presentation can be beneficial in 

elucidating the traumatic causes with suspicion of foreign body involvement. These 

determinations are essential for distinguishing self-limiting causes of conjunctival hyperemia 

and those that require observation, further medical management, and referral to a tertiary 

care center in cases that constitute ocular emergencies and require immediate intervention.

4.1. Non-infectious etiologies

Allergic conjunctivitis is one of the leading causes of conjunctival hyperemia. [1] In Europe, 

allergic conjunctivitis is the most common cause of red eyes (35%), with recent studies 
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estimating up to 40% of the population affected. [35,36] The most observed form of allergic 

conjunctivitis is due to seasonal and perennial allergic conjunctivitis (SAC, PAC), 

representing approximately 50% of ocular allergic disease. [37] Other atopic disorders 

include atopic keratoconjunctivitis (AKC), vernal keratoconjunctivitis (VKC), and giant 

papillary conjunctivitis (GPC) [38]. Symptoms of allergic conjunctivitis arise due to the 

exposure of the ocular surface to environmental allergens that can cause conjunctival 

inflammation and microvascular dilation in the conjunctival tissue resulting in hyperemia. 

SAC is more common, presenting at higher rates in the spring or fall season, varying with 

the geographical location, primarily attributed to the higher presence of allergens such as 

ragweed and grass pollens. [39] PAC is noted year-long in patients and is triggered by 

common allergens such as dust and animal dander. Both types of allergic conjunctivitis 

present with increased itching, chemosis, and tearing, leading to hyperemia of the 

conjunctiva and edema [40,41]. PAC and SAC rarely have corneal involvement and are self-

limiting, and do not pose threats to vision [38]. AKC and VKC may hold more serious 

pathological implications and can threaten vision if there is corneal involvement.

While most cases of allergic conjunctivitis led to acute conjunctival hyperemia, dry eye 

disease (DED) can also be associated with chronic conjunctival hyperemia. DED is used as 

an overarching term to describe the sign and symptom complex of various conditions that 

result in decreased tear quality, tear film instability, hyperosmolarity, and ocular surface 

inflammation and damage. [42,43] The pathogenesis of DED has been associated with 

environmental conditions such as wind and climate that can affect tear evaporation and 

autoimmune disorders. [44] DED is broadly categorized into aqueous deficient dry eye and 

evaporative dry eye, and patients typically present with ocular surface inflammation, and it is 

not uncommon for patients to present with both forms of DED. [45] Characteristics of 

aqueous deficient dry eye are a marked decrease in tear production while evaporative dry eye 

is frequently due to Meibomian gland dysfunction (MGD) that normally supplies the lipid 

layer of the tear film to reduce tear evaporation. Both conditions create an ocular 

environment that triggers a myriad of proinflammatory responses resulting in inflammation 

and subsequent conjunctival hyperemia. [46]

The use of ocular medications can also induce conjunctival hyperemia. Drug pH, 

formulation, mechanism of action, among other factors, can lead to hyperemia and other 

issues with drug tolerability. Ocular hyperemia is the most commonly reported adverse 

effect in up to 50% of patients who are prescribed prostaglandin analog based IOP reducing 

eyedrops for the management of glaucoma [47,48]. Furthermore, ocular drug preparations 

typically include preservatives that allow for a longer shelf life by preventing drug 

decomposition and decreasing chances of microbial contamination [49]. However, cytotoxic 

effects have been observed with long-term use, such as with the common antimicrobial 

preservatives benzalkonium chloride (BAK), resulting in altered homeostasis of the 

conjunctival surface that may worsen conjunctival hyperemia. [50] A comparative analysis 

showed that patients treated with BAK-free anti-ocular hypertension medications had fewer 

reports of hyperemia due to topical eye drop associated conjunctival hyperemia [51]. Other 

non-infectious mediated causes of conjunctival hyperemia can stem from irritant-based 

sources that induce an inflammatory response, such as chlorinated water, cosmetics, 

chemicals, smoke, and pollutants [52].

Singh et al. Page 5

Ocul Surf. Author manuscript; available in PMC 2022 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



4.2 Infectious etiologies

Acute conjunctivitis refers to cases with a duration of three weeks or less [52]. Cases of 

acute conjunctivitis are more common, affecting an estimated six million people in the 

United States [1]. Overlap of symptoms among bacterial and viral cases can make accurate 

diagnosis of the etiology of infection challenging, resulting in high rates of misdiagnosis of 

viral conjunctivitis as bacterial [53]. Cases of infectious conjunctivitis often self-resolve 

without the aid of any therapeutic intervention and do not affect ocular health or vision after 

clearing of symptoms[1].

4.2.1. Viral conjunctivitis—Viral conjunctivitis accounts for up to 80% of acute 

conjunctivitis cases [1], with Adenoviruses causing an estimated 90% of cases. 

Geographical considerations can help in elucidating specific serotypes of adenovirus that 

infect populations in the area [52,54,55]. Less common origins of viral conjunctivitis are 

attributed to herpes zoster virus (HSV), Varicella-zoster virus (VZV), and Molluscum 
contagiosum [1,56].

Viral infection of the conjunctiva induces conjunctival hyperemia that typically presents 

unilaterally with subsequent infection of the other eye following shortly thereafter, giving 

the typical appearance of pink-hued conjunctiva because of a diffuse fine microvascular 

pattern [57]. Viral conjunctivitis is highly contagious typically spreading due to eye-to-hand 

contact as ocular itching is a common symptom; therefore, emphasis is laid on vigorous 

hand washing to reduce transmission. Follicles on the palpebral conjunctiva can also 

accompany adenovirus-induced conjunctival hyperemia.

Conjunctivitis due to viruses such as HSV and VZV do not transmit as easily as 

adenoviruses and are almost always unilateral in immunocompetent hosts [58]. Patients with 

conjunctival hyperemia secondary to HSV infection have a similar appearance as observed 

in cases with adenoviral etiologies, along with unilateral foreign body sensation, pain, and 

burning sensation. Patients with conjunctivitis caused by VZV present with severe pain 

along with conjunctival hyperemia in a smaller proportion of re-activated cases of herpes 

zoster ophthalmicus (HZO) [59].

4.2.2. Bacterial conjunctivitis—Bacteria are commonly transmitted through 

contaminated fingertips introducing microbes to the ocular surface and transmission from 

contaminated eye drop applicators, contact lenses, and improper hand hygiene causing 

conjunctivitis [61]. Acute bacterial conjunctivitis presents with burning, irritation, excessive 

tearing, and usually mucopurulent or purulent discharge [60]. Furthermore, conjunctival 

inflammation, hyperemia, and mild eyelid edema are often noted. Higher incidences of 

bacterial infection are observed in school-aged children and elderly patients [52]. As seen in 

DED, patients with abnormal lacrimation obstructions to the nasolacrimal duct, ectropion or 

entropion, and injuries to the conjunctiva and cornea predispose the ocular surface to 

bacterial infections.

A wide range of Gram-positive and Gram-negative bacteria have been known to induce 

infectious conjunctivitis, however, Gram-positive bacteria have been linked to the majority 

of the recorded cases. In adults, the most common bacteria are Staphylococcus species, 
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Streptococcus pneumoniae, and Haemophilus influenzae [60]. Patients belonging to sexually 

active age groups presenting with conjunctival hyperemia should be suspected of Chlamydia 
trachomatis infection. [62] The pediatric patients with conjunctival symptoms, including 

hyperemia, are typically infected by Haemophilus influenzae, Streptococcus pneumoniae, 

and Moraxella catarrhalis. [9,61] The most indicative sign of bacterial conjunctivitis is a 

yellow-white purulent discharge collected at the base of the eyelashes and matting of the 

eyelids, particularly upon waking in the morning. High clinical suspicion for timely 

identification of the causative organism is critical as bacteria, such as Neisseria gonorrhoeae, 

can produce proteolytic enzymes that can result in irreversible damage to conjunctival 

layers. [63]

Contact lens wearers are also prone to certain forms of conjunctivitis that can progress to 

keratitis due to microbial organisms accumulate on the contact lenses and in contact lens 

fluid [64]. Contact lens wearers are at risk of development of keratoconjunctivitis from 

opportunistic pathogens following corneal trauma associated with common ocular infections 

caused by gram-negative bacteria such as Pseudomonas aeruginosa, that pose an increased 

risk of vision loss, with severe conjunctival hyperemia also reported due to Acanthamoeba 

infections. [61,65].

5. PATHOGENESIS OF CONJUNCTIVAL HYPEREMIA

The vasodilatation of conjunctival microvessels is clinically reported as hyperemia (or 

redness), plays a critical role in the efferent component of the immune system, delivering 

both humoral and cellular immune components to the site of inflammation [66]. The 

inflammatory process in the conjunctival tissue is mediated by physiologically active 

molecules such as histamine, cytokines, and associated neuropeptides.

5.1 Histamine-induced vasodilation

Histamine is an endogenous organic nitrogenous compound that plays a critical role in 

localized immune responses and is released predominantly from mast cell granules and in 

lesser quantities by basophils and neutrophils. [67] In normal conjunctiva, approximately 

5,000–6,000 mast cells/mm3 are found below the basement membrane in the substantia 

propria and contain approximately 4.6 pg/cell of histamine. [39] The proteases released by 

the allergens activate protease-activated receptor-2 in the conjunctival tissue which leads to 

the breakdown of the tight junctions between conjunctival epithelial cells and enter the 

subepithelial layer [68]. The dendritic cells (DCs) in the conjunctiva process the allergens to 

undergo maturation, with the expression of peptides that form a complex with major 

histocompatibility complex class II (MHC-II) molecules (Figure 2). Subsequently, the 

mature conjunctival dendritic cells (D.C.) migrate to the regional secondary lymphoid 

organs to interact with naïve T cells through the upregulated MHC-II and costimulatory 

molecules – Cluster of differentiation (CD) 80 and CD86, leading to activation, 

proliferation, and differentiation of CD4 T cells primarily into allergen-specific Th2 cells. 

Thereafter, the interaction between the CD40 on B cells and CD40 ligand on allergen-

specific Th2 cells leads to the release of interleukin 4 (IL-4), which induces the proliferation 

and differentiation of allergen-specific B cells into plasma cells that produce allergen-
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specific IgE. [69]. Conjunctival mast cells are primed when allergen-specific IgE binds via 

its Fc region to the Ig-like domain of the alpha chain of Fc Epsilon Receptor I (FcεRI), 

leading to degranulation and histamine release in the early phase allergic reaction. However, 

in the late phase, histamine is released by both mast cells and basophils when stimulated by 

non-IgE stimulating factors such as the C-C chemokine family, including monocyte 

chemoattractant protein-1, Regulated upon Activation, Normal T Cell Expressed and 

Presumably Secreted (RANTES) and eotaxin, cytokines such as IL-1, IL-3, IL-5, IL-6 and 

other molecules such as neurotrophic growth factor and c-kit ligand in the late phase allergic 

reaction, releasing approximately 23 ng/mm3 of histamine [70,71].

Researchers previously believed that the action of histamine released by mast cells occurred 

through Histamine 1 (H1) and H2 receptors only. (Figure 3) [72]. However, more recently, 

Leonardi and colleagues have also reported the presence of H4 receptors in normal 

conjunctiva. [73]. In allergic conjunctivitis, histamine binds to H1 receptors expressed on the 

endothelial cells of the conjunctival microvessels upon stimulation, leading to the formation 

of the local vasodilator substance nitric oxide (NO). [74]. NO increases cyclic guanosine 

monophosphate (cGMP) production by activation of guanylate cyclase. Elevation of cGMP 

levels causes arterial smooth muscle cell relaxation leading to vasodilatation. [75]. It has 

been reported that NO plays an essential role as a mediator in the process of both 

vasodilation and edema formation in the acute phase of allergic conjunctivitis. [76–79] 

Additionally, evidence suggests that higher doses of histamine also lead to H1 mediated 

vasopermeability in the conjunctival vasculature, causing localized edema. [80]

Histamine stimulation of H2 receptors in the conjunctiva causes vasodilation [81]. H2 

receptors are coupled to adenylate cyclase via Gs, which upon activation, stimulates the 

production of cyclic AMP (cAMP), subsequently activating protein kinase A (PKA) [82]. 

The increase in PKA activity causes phosphorylation and subsequent suppression of the 

myosin light chain kinase resulting in myosin light chain dephosphorylation by myosin light 

chain phosphorylase, inhibiting contraction. [83] The relaxation of vascular smooth muscles 

in the conjunctiva leads to vasodilation. [72]

Furthermore, upon degranulation, mast cells also release prostaglandin (PGD2) and 

leukotrienes (LTB4, LTC4). [84] PGD2 acts on the vascular smooth muscles adding to the 

vasodilatory effect of histamine on the vasodilation of conjunctival blood vessels as well as 

aggravates ocular pruritus. [85] Leukotrienes also induce vasodilation and increased 

permeability of conjunctival blood vessels, which manifest as conjunctival hyperemia and 

chemosis, respectively. [86]

5.2 Cytokine-induced vasodilation

The conjunctival vasculature generates a robust response against the pathogenic invasion of 

the tissue despite the biological defense responses mounted by the components of the tear 

fluid. The resultant inflammation leads to the dilation and permeabilization of conjunctival 

microvessels, leading to exacerbation of inflammation and hyperemia. Pathogen-associated 

lipopolysaccharide (LPS) generates tumor necrosis factor-α(TNFα), IL-1β, and IL-6 under 

the regulation of nuclear factor-κB (NF-κB). [87] The vascular endothelial and smooth 

muscle cells have been shown to have TNF-α and IL-1β receptors. [88,89] These cytokines 
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induce the expression of several vasodilatory mediators, including PGI2, PGE2, and nitric 

oxide (NO). Brian Jr. and Faraci have shown the progressive vasodilatory action of TNF-α, 

which could be blocked by aminoguanidine and dexamethasone, suggesting the critical role 

of NO in vasodilation [90]. Additionally, several studies have shown that TNF-α activates 

NAD(P)H oxidase, resulting in an increase in intracellular H2O2 that stimulates Ca2+ sparks 

and transient K + −Ca2+ currents, leading to vascular smooth muscle cell hyperpolarization, 

reduction in Ca2+, and vasodilation. [91–93]

In response to local inflammatory changes, macrophages and T cells enter the stromal layer 

of the conjunctiva from the vascular system to mount a second defense against the invading 

pathogens. Both T cells and macrophages may secrete IL-1, interferon-gamma (IFNγ), and 

TNF-α; TNF-α, in particular causes vasodilation by inducing smooth muscle cell synthesis 

of NO, which itself, in turn, contributes to hyperemia and inflammation [94,95].

5.3 Neurogenic vasodilation

The inflammatory response observed in DED and allergic diseases can mediate vasodilation 

[96,97] via the nervous system due to the dense innervation of the ocular surface by the 

trigeminal sensory system [98]. The conjunctiva consists of a dense network of sensory and 

sympathetic/parasympathetic innervation within the stroma and the surrounding epithelium 

[99]. Conjunctival insults detected by afferent sensory neurons are relayed to the central 

nervous system and lead to an efferent sympathetic/parasympathetic response at the ocular 

surface, causing local release of neuromediators, including Substance P SP) and calcitonin 

gene-related peptide (CGRP).

5.3.1 Substance P—SP is an undecapeptide tachykinin expressed in the central and 

peripheral nervous systems. [100] S.P. from the peripheral nerves in the conjunctiva 

mediates immunological action via high-affinity neurokinin one receptor (NK-1R). SP 

causes vasodilation in the conjunctiva either through direct action on the microvasculature or 

through enhanced mast cell degranulation and release of TNF-α. [101]

Initially, the mast cell degranulation by S.P. was considered to be direct G-protein mediated 

activation-dependent, instead of NK-1R mediated response. [102,103] However, recent 

studies provide evidence of a high expression of NK-1R by mast cells. Also, studies show a 

bidirectional signal between mast cells and S.P. expressing nerves. [104,105] S.P. released 

from sensory nerve endings also acts on mast cells to synthesize TNF-α, which plays a role 

in vasodilation. [106]

5.3.2 Calcitonin gene-related peptide—Calcitonin gene-related peptide (CGRP) is 

reported to be a potent microvascular vasodilator in most vascular beds, in the heart, and in 

trigeminal circulations. [107–109] CGRP has an approximately10-fold potency as a 

microvascular vasodilator compared to most prostaglandins and significantly greater than 

other vasodilators such as acetylcholine (ACh) and SP. [107] CGRP is produced in 

abundance in trigeminal ganglion neurons and is released from the peripheral nerves and 

central nerve terminals as well as being secreted within the trigeminal ganglion, and causes 

vasodilation through both NO-dependent and -independent dilatory pathways in the 

peripheral vessels. [110]
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The primary mode of action of the CGRP occurs by an increase in intracellular cAMP as a 

result of direct stimulation of adenylate cyclase by Gαs in smooth muscle cells. (Figure 4) 

The subsequent activation of PKA by cAMP can lead to the phosphorylation and opening of 

ATP-sensitive K+ channels, resulting in relaxation [111].

6. GRADING OF CONJUNCTIVAL HYPEREMIA

The unique anatomic location of the conjunctival microvasculature makes it the only 

circulatory system that is readily visible to the external observer (e.g.greater visibility than 

the nailbed), allowing for the detection of physiological and pathological changes using 

noninvasive modalities. For accurate diagnosis and efficacious management, it is critical on 

the part of the ophthalmologists to accurately detect conjunctival hyperemia at initial 

presentation and closely follow its progression. Before the first grading scale was established 

by C.W. McMonnies and A. Chapman Davis in 1987, the assessment of conjunctival 

hyperemia was performed using descriptive terminology which was highly variable 

depending upon the examining observer [112]. (Table 1) Although clinical presentation of 

conjunctival hyperemia continues to be recorded using descriptive terminology in-patient 

records, novel and more standardized scales for assessment of conjunctival hyperemia are 

being adopted into clinical practice such methods allow for comparisons during follow-up, 

thereby facilitating detection of changes in the conjunctival microvasculature, allowing 

appropriate alterations in the treatment plan.

6.1 Descriptive grading scales

6.1.1. Slit-lamp findings classification scale—In an attempt to standardize the 

description of conjunctival hyperemia observed in patients during slit-lamp biomicroscopy, 

Food and Drug Administration established the first descriptive slit lamp grading scale in 

1984. [112] The conjunctival hyperemia was graded numerically along with a descriptive 

term which was further defined, i.e., 0 (None - No injection present),1 (Trace-Slight limbal, 

bulbar and/or palpebral injection), 2 (Mild- Mild limbal, bulbar, and/or palpebral injection), 

3 (Moderate- Significant, segmented limbal, diffuse bulbar or palpebral injection) and 4 

(Severe- Severe limbal injection in the circumcorneal region, diffuse bulbar involving 

episcleral or scleral vessels, or palpebral injection.

6.1.2. Mandell scale for conjunctival injection—In 1987, Robert Mandell prepared 

an expanded descriptive scale for conjunctival injection based on the FDA classification 

scale. [113]. The whole number grading from 0 through 4 was divided into a decimal 

grading scale to differentiate the different anatomical locations of the conjunctiva. (Table 2)

6.2. Reference image-based subjective grading scales

6.2.1. McMonnies and Chapman-Davies scale—In 1987, C.W. McMonnies and A. 

Chapman Davis developed the first scale to detect conjunctival hyperemia in non-, hard and 

soft contact lens wearers. [114] The authors induced vasodilation using hypertonic (20%) 

saline solution to induce hyperemia, and the photographs of the lower conjunctival quadrant 

were taken at standardized intervals and compared to a pre-determined photographic 

reference scale to grade microvascular dilation. Although the authors reported statistically 
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significant differences in conjunctival hyperemia responses between hard, soft, and non-

contact lens wearing patients and high inter-and intra-observer reliability, the subjective 

interpretations of the reference images reduced the reliability of the scale. Moreover, the 

scoring was exclusive to the lower quadrant of the conjunctiva only.

6.2.2. Brian Holden Vision Institute scale—The Cornea and Contact Lens Research 

Unit in Australia developed a subjective grading scale focused on the complications 

associated with contact lens usage, including bulbar redness, limbal redness, lid redness, lid 

roughness, corneal staining type, depth and extent, and conjunctival staining [115] This scale 

was later renamed as the Institute for Eye Research (IER) or the Brian Holden Vision 

Institute grading scale. Each of the ten different complications was graded into four different 

severity categories ranging from grade 1 (very slight) to grade 4 (severe).

6.2.3. Efron scale—In 1997, Nathan Efron utilized reference artist-rendered illustrations 

for preparing a grading scale instead of photographs as done previously [116]. The 

illustrations were used as a reference for corneal epithelial staining and microcysts, stromal 

neovascularization and edema, variation endothelial cell morphology and blebs, conjunctival 

hyperemia, and papillary conjunctivitis, and were denoted with a traffic-light color scheme 

with an increase in severity grading from normal (Grade 0, green framing) to severe (Grade 

4, red framing).

6.2.4 Validated bulbar redness scale—Schulz et al. developed the validated bulbar 

redness (VBR) scale, which consists of a comprehensive 100-point photographic scale for 

grading conjunctival hyperemia. [117]. Conjunctival hyperemia was induced in patients by 

instilling hypertonic saline (5%) to the patient’s eyes. The observer took photographs of the 

nasal conjunctiva of the recovering eye at standardized magnification, illumination, and gaze 

settings. The photographs were taken with a digital camera attached to a zoom photo slit 

lamp that was interfaced to a personal computer for comparative analysis with the 

standardized photographic scale.

6.2.5. Shortcomings of subjective grading scales—The clinical application of 

subjective scales for grading conjunctival hyperemia is relatively easy; however, these scales 

have several important limitations. Multiple studies have shown that these scales 

demonstrate limited inter-and intra-observer repeatability. [118–120] Additionally, despite 

assessing the same ocular sign, i.e., conjunctival hyperemia, the different scales vary in the 

number of images used for establishing the reference scale, the range of hyperemia severity, 

the linearity of the scores, and the conjunctival region included in the reference as well as 

examination images. Unsurprisingly, this heterogeneity of metrics and the inherent 

subjectivity of these assessment tools renders comparisons between each scale unreliable.

6.3. Computer-assisted image grading systems

The limitations noted above have led to the development of novel models of conjunctival 

hyperemia grading objectively by the application of computer-based photograph-analysis 

techniques, which has now progressed to automated image analysis through the application 

of artificial intelligence. (Table 3) These systems grade the images of conjunctiva based on 
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multiple variable parameters that determine the severity of conjunctival hyperemia, such as 

blood vessel area, overall redness intensity, vessel diameter, and tortuosity. [121]

Villumesen and colleagues developed the computer-assisted, conjunctival hyperemia 

quantification system. [122] The authors analyzed the monochrome images generated from 

the captured video and quantified the vessel area by pixel edge detection analysis after 

smoothening. Conjunctival hyperemia was estimated by the number of pixels with vessels in 

a 3×3 area of analysis. Willingham et al. quantified temporal and nasal conjunctiva using 

pixelated images of the external eye using two parameters - mean relative redness (the 

percentage of red color in the image) and the blood vessel area ratio (the fraction of pixels 

which are blood vessels). [123] The acquired images were validated by a C++ programming-

based software using a pre-established photographic reference scale of ocular hyperemia, 

established by instillation of 0.5% dapiprazole hydrochloride to increase hyperemia and 

2.5% phenylephrine hydrochloride to reduce hyperemia. Gullion and Shah quantified the 

severity and geographic distribution of hyperemia and evaluated the diurnal variation in soft 

contact lens wearers. [124] The images were analyzed after electronic sectioning with 

differential intensity color analysis at fixed intervals away from the limbus and quantified 

the number and size of the vessels present. In the past two decades, evolution in software 

production, the advent of portable computers and cameras have promoted the clinical 

application of objective analyzers. Wollfsohn and Purslow quantified bulbar hyperemia, 

tarsal redness, corneal staining, and tarsal staining using thresholding, color extraction, and 

edge detection techniques. [125] The authors reported high repeatability on the assessment 

of bulbar hyperemia and close correlation with the subjective IER scale as well. The 

accuracy of the automated analysis heavily relies on the characterization of a region of 

interest (ROI) in the images of the conjunctiva, and the outcomes may vary depending upon 

a multitude of factors such as illumination conditions, the location of the eye in the image, 

the devices used to take the pictures or videos, the distance from the eye to the camera, or 

the presence of eyelashes. [126] Yoneda and colleagues reported high repeatability as well as 

reliability on accurate detection of ROI features. [127] They reported the optimal ROI was 

400 vertical pixels by 300 horizontal pixels with high reproducibility of the analysis. The 

automated analysis of the ROI showed significantly higher blood vessel coverage in subjects 

with bimatoprost-induced hyperemia and hyperemia in allergic conjunctival diseases 

compared to images from control subjects.

Rodriguez et al. developed a new automated computer grading system tailored exclusively to 

dry eye disease-associated conjunctival hyperemia. [128] This system focused on the 

geometry of the vessels of the most clinically relevant region in dry eye, the interpalpebral 

fissure, and showed promising reliability and repeatability compared to other computer-

based grading scales. The growing interest in the use of noninvasive imaging techniques for 

the evaluation of the ocular surface, the reliability of quantifying conjunctival hyperemia by 

using the Oculus Keratograph 5M Topographer was reported by Wu et al. [129] As the only 

commercially available device that can objectively evaluate conjunctival hyperemia, and this 

system is based on the area percentage ratio between the vessels and the rest of the analyzed 

area. However, it has been reported that redness scores provided by the keratograph 5M 

overestimated the scores obtained using the Efron and MC-D scales, showing poor 

agreement and moderate correlation with the subjective scales. [130]
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To address some of these relevant challenges, we have established a novel objective 

assessment system, the ocular redness index (ORI), to overcome the shortcomings of 

previously established grading systems [131]. ORI has certain advantages over some of the 

previously established computer-assisted grading systems due to its high consistency, 

inferable scoring system, and easy application in clinics due to its portability and user 

interface that can perform analysis of images from different devices and file formats without 

loss of reproducibility [132]. The software uses a universal grading system that allows for 

intra- and inter-institutional coordination of patient data. Moreover, a non-clinician with 

minimal training can perform the grading by selecting the conjunctival area of interest using 

the provided seven-point region of interest (ROI) selection tool, including all the 

conjunctival areas exposed in the photographs except the caruncle. (Figure 5) After the 

selection of ROI, the software computes the redness score on a continuous centesimal (0–

100) scale in approximately 30 seconds. The software algorithm consists of two components 

– white balance correction of images and redness quantification of images. The white-

balance correction removes atypical color cast due to variable lighting conditions during 

image acquisition. After white-balance correction, the observer selected the conjunctival 

area to score. The generated ORI scores showed a significant correlation to analyses 

performed by experienced clinicians using the more subjective Efron and VBR scales on the 

same images.

7. CONCLUSION

The unique anatomy of the conjunctival microvasculature allows for easy and noninvasive 

examination and detection of physiological and pathological changes. The development of 

novel imaging modalities has immensely contributed to our understanding of the 

microcirculatory physiology of the conjunctiva. Moreover, the recent insights into the 

immunological mechanisms that cause vascular changes have helped to elucidate the 

pathophysiology of conjunctival hyperemia. Inflammation due to the vasodilatory response 

of the conjunctiva microvasculature can be prompted in response to a myriad of infectious 

and non-infectious etiologies that can be differentiated from detailed patient history and 

assessment of conjunctivitis characteristics such as redness patterns, duration of symptoms, 

and ocular pain. Accurate diagnosis of the source instigating conjunctival hyperemia allows 

physicians to effectively treat patients to ensure the greatest treatment outcomes in terms of 

ocular health and vision. Despite our understanding of the neurogenic and immune-mediated 

pathways that regulate the microvasculature of the ocular surface has significantly increased 

in recent years, large gaps in knowledge continue to persist.
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Figure 1: 
The arterial supply (red) and venous draining (blue) of the conjunctival tissue.
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Figure 2: 
The immunopathological mechanisms triggered on allergen exposure in the conjunctiva.
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Figure 3: 
The signaling pathway activated by histamine through H1 and H2 receptors activated in the 

vascular smooth muscle cells, leading to vasodilation of microvessels in the conjunctiva.
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Figure 4: 
Neurogenic vasodilation trigger by calcitonin gene related peptide (CGRP) in the vascular 

smooth muscle cells, causing vasodilation of conjunctival microvessels.
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Figure 5: 
The region of interest (ROI) marked by the observer before analysis of the Ocular Redness 

Index by the software using a preset formula. (From Amparo et al., 2013)
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Table 2:

Mandell slit lamp classification system

Classification Grade

A None 0

B Mild conjunctival hyperaemia

a) palpebral 1.1

b) palpebral and/or bulbar 1.2

C Mild circumcorneal injection 1.3

D Moderate conjunctival hyperaemia

a) palpebral 2.1

b) palpebral and/or bulbar 2.2

E Moderate circumcorneal injection 2.3

F Severe conjunctival hyperaemia

a) palpebral 3.1

b) palpebral and/or bulbar 3.2

G Severe circumcorneal injection 3.3

H Other. (Grade by severity as either 1.9, 2.9, 3.9, 4.9)
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