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�� ABSTRACT

Chronic kidney disease is an emerging health problem worldwide. The eye shares striking structural, devel-
opmental, and genetic pathways with the kidney, suggesting that kidney and ocular disease may be closely linked. 
The aim of this paper, beyond exploring the underlying pathogenic mechanisms and common risk factors, is a 
review of the main diseases with ocular and renal involvement.
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�� INTRODUCTION

How can findings in the eye prompt a diagnosis of 
a renal disease? And vice versa, how can the diagnosis 
of renal disease lead to an ophthalmology consultation 
to rule out eye disease? A study on patients with chronic 
kidney disease (CKD) revealed retinal pathologies in up 
to 25% of patients1. Hypertensive and diabetic diseases 
are by far the leading pathologies, but other entities 
can also be found and will be discussed1.

The kidney and eye share striking structural, devel-
opmental, physiological, and pathogenic pathways. For 
example, both the glomerulus and choroid have exten-
sive vascular networks of similar structure. The inner 
retina and glomerular filtration barrier share similar 
developmental pathways, and the renin–angiotensin–
aldosterone hormonal cascade is found in both the eye 
and the kidney2.

This review aims to analyze common risk factors and 
pathogenic mechanisms underlying CKD and eye dis-
eases and to review the main diseases which have 

ocular and renal involvement, organized as follows: 
systemic, vascular, autoimmune, infectious, genetic and 
related to kidney transplantation.

�� �RISK FACTORS AND 
PATHOPHYSIOLOGICAL MECHANISMS 
OF CKD AND EYE DISEASES

CKD is an emerging health problem worldwide asso-
ciated with serious cardiovascular and renal outcomes 
and decreased quality of life. More than 25 million 
adults in the United States are estimated to have CKD 
and over half a million to have end‑stage renal disease 
(ESRD) and CKD is expected to increase further with 
an aging population and with the increasing prevalence 
of risk factors, such as old age, smoking, hypertension, 
diabetes mellitus and obesity. CKD shares traditional 
cardiovascular risk factors and is increasingly recognized 
as a risk factor itself for cardiovascular disease (CVD). 
Some of these are also risk factors for ophthalmologic 
diseases2.
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The main pathophysiological mechanisms that con-
tribute to CKD are atherosclerosis, vascular remodeling, 
endothelial dysfunction, inflammation, and oxidative 
stress. These mechanisms are also implicated in many 
ocular diseases2 (Figure 1).

�� �DISEASES WITH OCULAR AND RENAL 
INVOLVEMENT

There are several diseases with ocular and renal 
involvement. The review of diseases with involvement 
of the two organs will be made based on the following 
division: systemic, vascular, autoimmune, infectious, 
genetic and related to kidney transplantation.

� � Systemic disorders

Diabetes Mellitus

Diabetes mellitus (DM) is the primary cause of CKD 
and accounts for 40% of all new cases of ESRD recorded 
annually, but has multiorgan involvement3. Diabetic 
nephropathy (DN) and retinopathy are arguably the 

two most dreaded complications of diabetes and 
together they contribute to serious morbidity and mor-
tality. Their progression can lead to ESRD and 
blindness4.

DN is characterized by persistent albuminuria, pro-
gressive decline of glomerular filtration rate, and eleva-
tion of blood pressure5,6. In patients with DN, the pres-
ence of albumin in urine not only signifies glomerular 
injury, but also reflects systemic endothelial abnormali-
ties and vasculopathy, which can represent an inde-
pendent risk factor for cardiovascular disease. Risk 
factors for DN include prolonged duration of diabetes, 
poor glycemic control, and hypertension3.

Patients with diabetes often develop ophthalmic 
complications, such as corneal abnormalities, glauco-
ma, iris neovascularization, cataracts, and neuropa-
thies. The most common and potentially blinding of 
these complications, however, is diabetic retinopathy 
(DR), which is, in fact, the leading cause of acquired 
blindness in aged persons7. The exact mechanism by 
which diabetes causes retinopathy remains unclear, 
but several theories have been postulated to explain 
the typical course and history of the disease8. In DR, 
chronic hyperglycemia causes endothelial damage, loss 

Figure 1

Pathogenic mechanisms underlying renal and ocular diseases
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of pericytes, basement‑membrane thickening, break-
down of the blood‑retinal barrier, platelet aggregation, 
and leukocyte adhesion in retinal capillaries. The micro-
structure disarrangement and microcirculation dysfunc-
tion lead to vascular hyperpermeability and microa-
neurysm formation, as observed in nonproliferative 
DR. Excessive vascular leakage of fluids, proteins, or 
lipids in the macular area leads to the development of 
diabetic macular edema. As the disease progresses, 
capillaries close and arterioles become atrophied, and 
this matches the nonperfusion areas detected in 
patients’ fluorescein angiography. Eventually, chronic 
hypoxia induces the expression of several angiogenic 
growth factors, which results in retinal neovasculariza-
tion, as observed in proliferative DR3.

In DN, chronic hyperglycemia also alters the expres-
sion of growth factors and cytokines in renal glomeruli, 
and these changes, in turn, result in an imbalance of the 
hemodynamics in glomerular cells. In the early stages, 
glomerular hypertrophy and hyperfiltration occur as 
glomeruli respond to the expression of hyperglycemia. 
However, increased intraglomerular pressure and 
increased shear stress following loss of heparin sulfates 
in the glomeruli eventually lead to the thickening of the 
glomerular and tubular basement membrane, accumula-
tion of the mesangial matrix, and albuminuria9‑11.

The correlation between diabetic retinopathy and 
diabetic nephropathy is so strong (a nearly 100% coin-
cidence) that diabetes should be in doubt as the cause 
of renal insufficiency in any patient with a normal retinal 
exam12.

� � Vascular disorders

Hypertension

Hypertension is a major promoter of the decline in 
glomerular filtration rate (GFR) in both diabetic and 
nondiabetic kidney disease13. Large, observational, 
prospective trials in the general population showed 
that hypertension is a strong independent risk factor 
for ESRD. A strong relationship was observed between 
both systolic (SBP) and diastolic blood pressure (DBP) 
and ESRD, regardless of other known risk factors, in 
men who were recruited in the Multiple Risk Factor 
Intervention Trial. The relative risk for ESRD was >20‑fold 
higher for patients with stage 4 hypertension (SBP > 
210 mmHg or DBP > 120 mmHg) than for patients with 
optimal BP levels (SBP < 120 mmHg and DBP < 80 
mmHg). The study by the Okinawa General Health 

Maintenance Association confirmed these results in 
women as well14,15.

Hypertension‑related mechanisms that are involved 
in the progression of renal damage include the systemic 
BP load, the degree to which it is transmitted to the 
renal microvasculature (i.e., renal autoregulation), and 
local susceptibility factors to barotrauma, which is the 
degree of damage for any degree of BP load. Among 
these last factors, proteinuria, glomerular hypertrophy, 
fibrogenic mediators, genetic factors, and age are the 
most important16.

Along with causing heart and kidney problems, 
untreated high blood pressure can also affect eyesight 
and lead to eye disease. The most common ocular dis-
eases directly related to hypertension are progressively 
increasing retinal microvascular changes, which are 
subsumed under the name hypertensive retinopathy. 
Classically, the features are divided into four degrees, 
and their morphological classification has been widely 
used17. However, a more pathophysiological division 
has been proposed. This three‑degree classification 
includes mild – retinal arteriolar narrowing related to 
vasospasm, arteriolar wall thickening or opacification, 
and arteriovenous nicking, referred to as “nipping”, 
moderate – hemorrhages, either flame or dot‑shaped, 
cotton‑wool spots, hard exudates, and microaneurysms 
and severe – some or all of the above, plus optic disc 
edema. The presence of papilledema requires rapid 
lowering of the blood pressure18.

� � Autoimmune diseases

Sarcoidosis

Sarcoidosis is a multisystem granulomatous disorder 
of unknown etiology is characterized pathologically by 
the presence of noncaseous granulomas in involved 
organs. It typically affects young adults and initially 
presents with one or more of the following abnormali-
ties: bilateral hilar adenopathy, pulmonary reticular 
opacities, skin, joint, and/or eye lesion. However, sar-
coidosis can involve all organ systems to a varying extent 
and degree19.

In the eye, sarcoidosis can have intra‑ or extraocular 
manifestations. Intraocular manifestations are classified 
as anterior, intermediate, and/or posterior uveitis20. 
Anterior uveitis typically causes pain, endothelial granu-
lomas, and redness primarily at the limbus. Posterior 
or intermediate uveitis are more likely to be painless 
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but more often associated with floaters. Visual loss 
may occur with anterior, intermediate, or posterior 
involvement. As ocular involvement may be asympto-
matic, all patients should undergo ophthalmologic 
examination20. Based on consensus guidelines, the 
certainty of a diagnosis of ocular sarcoidosis is based 
upon the combination of intraocular findings and sys-
temic evidence of sarcoidosis21. Extraocular orbital 
sarcoidosis can affect lacrimal glands, conjunctiva, 
extraocular muscles, and optic sheath, and may present 
as a soft tissue orbital mass.22.

In the kidney, clinically renal involvement occasion-
ally occurs in sarcoidosis. Renal manifestations include 
abnormal calcium metabolism, nephrolithiasis and 
nephrocalcinosis, and acute interstitial nephritis with 
or without granuloma formation. The classic renal 
lesion is noncaseous granulomatous interstitial nephri-
tis. However, this lesion rarely causes clinically signifi-
cant renal disease. Hypercalciuria and hypercalcemia 
are most often responsible for clinically significant renal 
disease. Glomerular disease, obstructive uropathy, and 
ESRD may also occur but are uncommon23. Several 
studies have examined the relative prevalence of the 
various renal lesions associated with sarcoidosis: 
nephrocalcinosis is estimated to occur in 5 percent of 
patients with sarcoidosis and may be the most common 
cause of chronic kidney disease (CKD) in sarcoidosis24. 
Nephrolithiasis occurs in approximately 1 to 14 percent 
of patients with sarcoidosis. Interstitial nephritis with 
granuloma formation occurs in approximately 20 per-
cent of patients. However, renal insufficiency is not 
always present25. Glomerular involvement is rare. A 
variety of different lesions have been described in iso-
lated cases, including membranous nephropathy, IgA 
nephropathy, minimal change disease, a proliferative 
or crescentic glomerulonephritis, and focal segmental 
glomerulosclerosis23. Urinary tract obstruction is very 
rare among patients with sarcoidosis24.

Tubulointerstitial Nephritis and Uveitis Syndrome

Tubulointerstitial nephritis and uveitis syndrome 
(TINU) describes a rare form of bilateral non
‑granulomatous anterior uveitis found in a sub
‑population of patients with tubulointerstitial nephritis 
(TIN). The uveitis is usually mild and the nephritis self
‑limited. However, cases of chronic uveitis and renal 
failure have been reported26.

Although the cause of TINU is unknown, research has 
revealed various associations. Certain HLA genotypes 

(including HLA‑DQA1*01:04 and DRB1*14) increase the 
relative risk of developing TINU in certain populations. 
Medications have also been implicated (e.g. antibiotics 
or nonsteroidal anti‑inflammatory drugs)26.

In over 80% of cases, uveitis is bilateral, acute in onset, 
non‑granulomatous and affects only the anterior seg-
ment27. However, there have been case reports of pos-
terior uveitis and panuveitis (26, 27). Patients will usually 
present with typical anterior uveitis symptoms (eye pain, 
redness, decreased vision, and photophobia).

Renal manifestations with TINU syndrome are typical 
for acute interstitial nephritis. These may include flank 
pain, sterile pyuria, hematuria, proteinuria (usually 
subnephrotic range), renal insufficiency, and acute renal 
failure (ARF). Multiple proximal and distal tubular 
defects can be commonly seen, resulting in aminoaci-
duria, glucosuria, phosphaturia, and acidification 
defects. Renal sonography can demonstrate marked 
swelling of the kidneys28.

Systemic Lupus Erythematosus

Systemic lupus erythematosus (SLE) is a chronic auto-
immune disease that can affect any part of the body, 
including the eyes and kidneys. Lupus most often affects 
the heart, joints, skin, lungs, blood vessels, kidneys and 
central nervous system (CNS). The clinical course is 
unpredictable and is characterized by periods of remis-
sions and flares, which may be acute or chronic29.

Any structure of the eye can be involved in SLE, 
with keratoconjunctivitis sicca (KCS) being the most 
common manifestation as a result of secondary 
Sjögren’s syndrome30. The next most common patho-
logic condition involving the eye in lupus patients is 
retinal vasculopathy in the form of cotton wool 
spots31. Other less common ophthalmologic manifes-
tations of SLE include optic neuropathy, choroidopa-
thy, episcleritis, scleritis, and anterior uveitis (iritis, 
iridocyclitis)30. Orbital tissues such as the lacrimal 
gland, extraocular muscles, and other orbital tissues 
may also be involved in SLE leading to pain, proptosis, 
lid swelling, and diplopia32. In addition, there are spe-
cific ocular toxicities secondary to medications seen 
in patients with SLE, including glucocorticoid‑induced 
glaucoma and cataract, and retinal toxicity due to 
antimalarial therapy29,30.

Renal involvement is clinically apparent in approxi-
mately 50 percent of SLE patients, and is a significant 
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cause of morbidity and mortality33. An abnormal uri-
nalysis with or without an elevated plasma creatinine 
concentration is present in a large proportion of patients 
at the time of diagnosis of lupus nephritis, but the most 
frequently observed abnormality in patients with lupus 
nephritis is proteinuria34. Thus, periodic screening for 
the presence of lupus nephritis with urinalyses, quan-
titation of proteinuria, and estimation of the GFR is an 
important component of the ongoing management of 
SLE patients33. Several forms of glomerulonephritis can 
occur, and renal biopsy is useful to define the type and 
extent of renal involvement. The clinical presentation 
of lupus nephritis is highly variable ranging from asymp-
tomatic hematuria and/or proteinuria to nephrotic 
syndrome and rapidly progressive glomerulonephritis 
with loss of renal function35.

Sjögren’s syndrome

Sjögren’s syndrome (SS) is an autoimmune disorder 
caused by the infiltration of monocytes in epithelial glan-
dular and extra‑glandular tissues. Hallmark presentations 
include mouth and eye dryness, known as KCS. KCS is 
characterized primarily by a deficiency in tear produc-
tion, leading to keratinization and a loss of conjunctival 
goblet cells, resulting in tear mucin deficiency36.

Although renal involvement is uncommon in primary 
SS, patients may experience several types of kidney 
injury. Chronic tubulointerstitial nephritis is the most 
common renal manifestation of SS37. The interstitial 
nephritis in SS is characterized histologically by an 
interstitial infiltrate that can invade and damage the 
tubules38. In some cases, granuloma formation is seen, 
and there may be a concurrent uveitis, suggesting the 
possible presence of sarcoidosis or the tubulointersti-
tial nephritis and uveitis (TINU syndrome)39. The clini-
cal manifestations of the interstitial nephritis include 
a variable but generally mild elevation in the plasma 
creatinine concentration, a relatively benign urinalysis, 
and abnormalities in tubular function, including Fan-
coni syndrome, distal (type 1) renal tubular acidosis 
(RTA), nephrogenic diabetes insipidus (tubular resist-
ance to antidiuretic hormone), and hypokalemia40. 
Glomerular involvement is much less common than 
interstitial nephritis in SS. Membranoproliferative glo-
merulonephritis (MPGN) and membranous nephropa-
thy (MN) are the most common. Other glomerular 
lesions including minimal change disease, immuno-
globulin A (IgA) nephropathy, and antineutrophil cyto-
plasmic antibody (ANCA)‑associated vasculitis have 
been reported40.

Behçet’s syndrome

Behçet’s syndrome (BS) is a multisystem inflamma-
tory syndrome of unknown etiology characterized by 
recurrent oral aphthae, genital ulcers, and ocular 
inflammation. Minor criteria include arthritis, intestinal 
ulcers, epididymitis, vascular disease, and neuropsy-
chiatric symptoms41.

The disease is most often diagnosed in young adults 
between the ages of 20 and 40 years, generally in Medi-
terranean countries, the Middle East, and Japan, but 
it has been described worldwide. Mostly involved 
organs and systems are as follows: oral aphthosis (98%), 
genital aphthosis (73%), skin (74%), eyes (51%), joints 
(39%), neurological system (7.3%). Other systems, such 
as the kidneys, are involved less frequently42.

Renal involvement in BS is less frequent and often 
less severe than in other types of vasculitis. Patients 
with renal disease may have proteinuria, hematuria, or 
mild renal insufficiency, but can progress to renal failure. 
Although urinary abnormalities (proteinuria and/or 
hematuria) occur in approximately 10% of patients, seri-
ous renal lesions are rare43. The spectrum of renal dis-
eases is wide and can range from AA (secondary) amy-
loidosis, glomerulonephritis (IgA nephropathy to 
crescentic glomerulonephritis), vascular disease (mostly 
renal arterial aneurysms), and interstitial nephritis44.

Ocular disease occurs in 25 to 75% of patients with 
BS45. Uveitis is often the dominant feature of BS. It is 
typically bilateral and episodic, often involves the entire 
uveal tract (panuveitis), and may not resolve completely 
between episodes. Isolated anterior uveitis is rare. 
Hypopyon is seen in about 20% of patients with BS. Many 
patients with hypopyon will demonstrate retinal vascu-
litis46. Posterior uveitis, retinal vasculitis, vascular occlu-
sion, and optic neuritis can also occur and require sys-
temic immunosuppressive treatment and may irreversibly 
impair vision and progress to blindness if untreated. Other 
changes that can be seen include neovascularization, 
secondary cataracts, glaucoma, frosted branch angiitis 
and conjunctival ulceration47. Conjunctivitis, scleritis, 
episcleritis, and keratoconjunctivitis sicca are uncommon. 
Ocular signs may be helpful in making the diagnosis of 
BS, even in the absence of other clinical symptoms48.

Vasculitis

Vasculitis are defined by the presence of inflamma-
tory leukocytes in vessel walls with reactive damage 
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to mural structures. Both loss of vessel integrity leading 
to bleeding, and compromise of the lumen may result 
in downstream tissue ischemia and necrosis. In general, 
affected vessels vary in size, type, and location in asso-
ciation with the specific type of vasculitis. Vasculitis 
may occur as a primary process or may be secondary 
to another underlying disease49.

A large number of systemic diseases resulting from 
immunologic pathogenic mechanisms are associated 
with oculorenal manifestations. The major ocular mani-
festations of autoimmune disorders are presented in 
Table 1.

In Hemolytic Uremic Syndrome (HUS) ocular mani-
festations are rare and include retinal, choroidal, and 
vitreal hemorrhages, retinal ischemic signs, and non
‑perfusion. Eculizumab was shown to be effective for 
atypical HUS as it inhibits activation of the terminal 
complement pathway and seems to be a promising 
treatment for atypical HUS and its ocular complica-
tions50. Sturm et al. aimed to study the frequency and 
severity of ocular involvement in pediatric patients with 
HUS. Three of 69 examined patients with HUS showed 
ocular involvement, so only a minority of pediatric 
patients with HUS developed ocular involvement. Acute 
ocular findings varied in severity from isolated intrareti-
nal hemorrhages to Purtscher‑like retinopathy with 

retinal ischemia. Long‑term complications included the 
development of neovascularizations and consecutive 
optic nerve atrophy. Although ocular involvement in 
HUS seems to be rare, physicians should be aware of 
this complication because of its possible vision
‑endangering consequences51.

The kidneys are frequently affected by systemic vas-
culitis. This is not surprising given the numerous vessels 
within the renal parenchyma. Usually vasculitis cause 
renal dysfunction predominantly by inducing glomeru-
lar inflammation with resultant nephritis and renal 
failure49. Detailed clinical manifestations of kidney 
involvement of all vasculites will not be reviewed in 
this paper.

� � Infectious diseases

Tuberculosis

Tuberculosis (TB) is the second most common cause 
of death from a single infectious agent worldwide. It 
is a highly contagious, persistent disease characterized 
by the formation of hard grayish nodules, or tubercles. 
The disease is most often caused by the bacterium 
Mycobacterium tuberculosis and usually occurs in the 
lungs (the initial site of infection), but it also can occur 
in other organs, such as the eyes and the kidney53.

In general, TB involving the kidney occurs by myco-
bacterial seeding of the urogenital tract by hematog-
enous spread. This occurs at the time of pulmonary 
infection or in the setting of reactivation or miliary 
disease54. Tuberculous bacilli may enter the medullary 
interstitium and cause granulomas formation. These 
may heal with associated fibrosis or, many years after 
initial infection, may break down and rupture into the 
tubular lumen with excretion of tuberculous bacilli into 
the urinary tract, leading to continuous spread of infec-
tion. The descending spread of infection to the ureter 
and bladder causes ureteral stricture and obstruction, 
hydronephrosis, and renal dysfunction54. Less com-
monly, interstitial nephritis and glomerulonephritis can 
occur. The pathogenesis of TB‑associated interstitial 
nephritis is not clear. It may be an immunologic phe-
nomenon caused by TB or it can be the result of drugs 
used to treat TB, such as rifampicin. There are also a 
number of case reports of patients with glomerulone-
phritis associated with TB. TB can also cause renal 
amyloidosis, due to chronic inflammation, with high 
circulating levels of the acute‑phase reactant, serum 
amyloid A protein55,56.

Table 1

Ocular manifestations of some vasculitis52

Giant cell arteritis Transient or permanent partial or complete loss 
of vision – Arteritic Anterior Ischemic Optic 
Neuropathy (AAION)

Takayasu’s arteritis Transient visual loss

Polyarteritis nodosa A wide variety of visual disturbances, including 
choroidal vasculitis

Kawasaki disease Bilateral nonexudative conjunctivitis, photopho-
bia, and anterior uveitis

Granulomatosis with 
polyangiitis and 
microscopic polyarteritis

Orbital involvement with proptosis (due to 
orbital pseudotumor) and conjunctivitis. Leuko-
cytoclastic vasculitis and focal microhemor-
rhages in the lacrimal sac wall presenting as a 
unilateral orbital mass in disseminated GPA can 
be “cured” by dacryocystorhinostomy (excision 
of the mass)

Eosinophilic 
Granulomatosis with 
Polyangiitis

Eyelid and conjunctival granulomas, scleritis, 
and others

Henoch‑Schönlein 
purpura

Scleritis and anterior uveitis
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Initially, renal TB is not associated with specific symp-
toms. Pyuria and/or microscopic hematuria may be 
observed as incidental findings. Once the disease has 
progressed to involve the bladder, symptoms of fre-
quency, dysuria, urgency, and nocturia occur in approxi-
mately half of cases. Hematuria and low back pain 
develop in one‑third of cases57. Systemic symptoms 
(fever, weight loss) are relatively rare. Manifestations 
of advanced disease include end‑stage renal disease 
and, rarely, refractory hypertension58. Characteristic 
laboratory findings include persistent pyuria and acidic 
urine in the setting of urine cultures that are repeatedly 
negative for pyogenic organisms. Painless macroscopic 
or microscopic hematuria is present in more than 90 
percent of cases54. The plasma creatinine concentration 
is usually normal and an elevated plasma creatinine 
concentration may be observed in the setting of bilat-
eral renal involvement and/or in the setting of inter-
stitial nephritis or glomerulonephritis57. The diagnosis 
may be established by demonstration of tubercle bacilli 
in the urine. Urine mycobacterial culture or urine poly-
merase chain reaction (PCR) for Mycobacterium tuber-
culosis should be performed. Radiographic imaging is 
also warranted for patients with suspected renal TB. 
Computerized tomography with contrast is preferred 
when feasible. Tuberculin skin test or interferon‑gamma 
release assay and histopathology are also useful in the 
diagnosis57.

Tuberculosis of the eye may be intraocular or it 
may involve the external structures. Most commonly, 
ocular TB develops as a result of hematogenous spread 
of M. tuberculosis from pulmonary or extrapulmonary 
sites. The clinical manifestations include choroiditis, 
chorioretinitis, choroidal granuloma, optic neuritis, 
optic disc granuloma, subretinal abscess, orbital cel-
lulitis, scleritis, necrotizing scleritis, posterior scleritis, 
sclerokeratouveitis, interstitial keratitis, and anterior 
chamber granuloma (59, 60). Less commonly, ocular 
TB can occur as a result of direct ocular infection from 
an exogenous source. In such cases, infection may 
involve the ocular adnexa, lacrimal gland, conjunctiva, 
sclera, or cornea. In rare cases, eye involvement can 
occur as a result of a hypersensitivity reaction to a 
distant focus of infection. Manifestations may include 
episcleritis, phlyctenulosis, and occlusive retinal 
vasculitis60.

� � Genetic disorders

A variety of human congenital syndromes affecting 
both organs have been described.

Alport syndrome

Alport syndrome is an inherited progressive form of 
glomerular disease that is often associated with sen-
sorineural hearing loss and ocular abnormalities. It is 
an X‑linked or autosomal recessive (and extremely 
rarely autosomal dominant) and a primary basement 
membrane disorder arising from mutations in genes 
encoding several members of the type IV collagen pro-
tein family61.

Several ocular defects involving the lens, retina, 
and cornea have been reported in patients with Alport 
syndrome62. Anterior lenticonus is a regular conical 
protrusion on the anterior aspect of the lens due to 
thinning of the lens capsule. It occurs in 20 to 30% of 
males with X‑linked Alport syndrome and is pathog-
nomonic of the disease. Lenticonus can be compli-
cated by the presence of subcapsular cataracts, which 
may lead to loss of visual acuity. Retinal changes are 
usually asymptomatic, and when there is anterior 
lenticonus, they are always present63. The changes 
consist of bilateral white or yellow granulations that 
are superficially located in the retina surrounding the 
foveal area (also referred to as dot and fleck or fleck 
retinopathy). These findings are also specific for Alport 
syndrome. Corneal changes in patients with Alport 
syndrome can include posterior polymorphous dys-
trophy and recurrent corneal erosion, which can cause 
severe ocular pain64,65.

In the kidney, the initial renal manifestation of 
Alport syndrome is asymptomatic persistent micro-
scopic hematuria, present in early childhood in affect-
ed patients. Recurrent episodes of gross hematuria 
are not uncommon especially during childhood and 
may be the initial presenting finding and often occurs 
after an upper respiratory infection66. Boys without 
hematuria by the age of 10 years are unlikely to have 
Alport syndrome61. In early childhood, the serum 
creatinine and blood pressure are normal. Over time, 
proteinuria, hypertension, and progressive renal insuf-
ficiency develop. ESRD usually occurs between the 
ages of 16 and 35 years in patients with X‑linked or 
autosomal recessive disease. In some families, the 
course is more indolent, with renal failure being 
delayed until age 45 to 60, especially in those with 
autosomal dominant Alport syndrome. In females with 
X‑linked Alport syndrome, recurrent episodes of gross 
hematuria, proteinuria, hearing loss, and diffuse glo-
merular basement membrane (GBM) thickening are 
associated with more severe renal dysfunction and 
ESRD at an earlier age67.
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Fabry disease

Fabry disease is a rare X‑linked recessive metabolic 
defect of alpha‑galactosidase A (α‑Gal A). The absence 
of α‑Gal A enzyme activity leads to accumulation of 
glycosphingolipid globotriaosylceramide (GL‑3) in the 
lysosomes of a variety of cell types. It can cause skin 
and ocular lesions, progressive renal, cardiac or cere-
brovascular disorders68.

Regarding eye disease, the most specific, almost 
pathognomonic and common finding is cornea verticil-
lata (corneal deposits) but other abnormalities such as 
vascular tortuosities and posterior subcapsular cataract 
can occur69.

Renal manifestations occur in at least 50% of male 
patients and approximately 20% of female patients. 
The main findings are proteinuria followed by pro-
gressive renal insufficiency and often hypertension. 
Uncommonly, patients complain of polyuria and 
polydipsia or they are discovered by the presence 
of renal sinus cysts on an imaging study68. One of 
the earlier signs of nephropathy is microalbuminuria. 
Over time, proteinuria under the nephrotic range is 
the most typical form of presentation and is an inde-
pendent risk factor affecting the extent of renal 
decline. A proteinuria level above 1 g/day is associ-
ated with a worst prognosis69. Other features are 
glomerular hyperfiltration, impaired concentration 
ability due to distal tubular involvement, and 
increased urinary Gb3 excretion. Urinalysis may be 
quite variable and microscopy may be useful in the 
diagnosis because vacuolated epithelial cells filled 
with glycosphingolipids give the appearance of a 
Maltese cross when polarized light microscopy is 
used, and they are very specific. Renal ultrasound 
shows parapelvic cysts in up to 50% of patients. A 
wide range of renal histopathology could be found 
due to diffuse deposition of glycosphingolipid in the 
glomeruli, tubules, and vasculature. Light micro-
scopic findings include a “foamy” appearance of the 
glomeruli with diffuse swelling and vacuolization of 
visceral podocytes, mesangial expansion and pro-
gressive segmental and global glomerulosclerosis. 
Electron microscopy shows podocytes and mesangial 
cells filled with lysosomal electron dense granules. 
As seen with other nephropathies, glomerular scle-
rosis and tubulointerstitial fibrosis, although not 
specific, are the histological features that best cor-
relate with the progression of renal disease. A glo-
merular sclerosis above 50% predicts a worst 
prognosis69,70.

Autosomal Dominant Polycystic Kidney Disease

Autosomal dominant polycystic kidney disease (ADP-
KD) is a common genetic disorder, occurring in approxi-
mately 1 in every 400 to 1000 live births. ADPKD is 
caused by two known (and possibly more unknown) 
genetic mutations: PKD1 (which encodes polycystin‑1) 
on chromosome 16 and PKD2 (which encodes 
polycystin‑2) on chromosome 471.

It has been determined that the embryogenetic 
stages of eye and kidney development occur rather 
simultaneously. From the 7th to the 10th week, the 
development of the ocular architecture progresses in 
parallel with the differentiation of the kidney tubules72. 
It is conceivable that the unknown factor leading to 
the development of renal tubular cysts in utero might 
simultaneously affect the eye and the kidney. Meyrier 
et al.73 reported a strongly association between ADPKD 
and blepharochalasis. Other ocular abnormalities 
including severe myopia, cataracts, papilledema, and 
peripheral retinal pigmentation have also been 
described in association with ADPKD72.

Virtually all individuals who inherit PKD1 or PKD2 
eventually develop renal cysts that are visible by ultra-
sonographic imaging studies74. The age at which affect-
ed individuals have clinical manifestations such as renal 
failure or hypertension is variable. Patients with PKD1 
present with symptoms at a younger age than those 
with PKD2. Patients with ADPKD can present with hyper-
tension, hematuria, proteinuria, or renal insufficiency, 
detected by routine laboratory examinations. Flank pain 
due to renal hemorrhage, calculi, or urinary tract infec-
tion is the most common symptom reported by patients. 
Hypertension is present in the majority of patients who 
have normal renal function and have reached the fourth 
decade of life. Patients may also present with symptoms 
that are secondary to cysts in other organs, such as the 
liver, pancreas, spleen, thyroid, or epididymis. The diag-
nosis is most commonly made in the settings of routine 
screening in an asymptomatic patient with a positive 
family history of ADPKD, initial work‑up for new‑onset 
hypertension, as an accidental finding during an imaging 
study performed for an unrelated reason and during 
evaluation of ADPKD‑specific symptoms (hematuria, cyst 
rupture, pyelonephritis, kidney stones)75.

Nephronopthisis

The most frequent genetic cause of chronic renal failure 
in children is nephronophthisis. Multiple genes appear to 
underlie this disorder. In kidney, nephronophthisis is 
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characterized by tubular distention and cysts at the cor-
ticomedullary junction tubulointerstitial nephritis, and 
glomerulosclerosis. Cortical microcysts occur isolated or 
in combination with chronic tubulointerstitial nephritis in 
patients with NPHP2 (inversin) gene mutations76. This 
autosomal recessive disorder is typically associated with 
severe hypertension and progresses to end‑stage ESRD 
before two years of age. When associated with retinitis 
pigmentosa, the renal‑retinal disorder is termed the 
Senior‑Loken syndrome77.

Other genetic diseases

In addition to the genetic diseases already men-
tioned involving the kidney and the eye, there are still 
a number of genetic diseases to mention (Table 2).

� � �Ocular and renal diseases related to kidney 
transplantation

Abnormalities of the eye are common in patients 
with kidney transplantation. One study found that 42 
of 80 renal allograft recipients developed ocular com-
plications including posterior subcapsular cataract, 
opportunistic ocular infections, raised intraocular pres-
sure79. The administration of chronic corticosteroids 

alone may induce multiple eye complications, particu-
larly posterior subcapsular cataracts (79, 80). In a report 
of 176 renal transplant recipients, a posterior subcap-
sular cataract was present in 60 (34%)81.

After excluding acute glaucoma, the presence of 
impaired vision and a painful red eye strongly suggests 
infection in recipients of solid organ transplants. Nocar-
dial endophthalmitis, cryptococcal choroiditis, cyto-
megalovirus chorioretinitis, and Listeria monocytogenes 
endophthalmitis have been reported82. BK virus
‑induced or polyomavirus‑associated nephropathy 
(PVAN) due to the BK virus is an important cause of 
kidney transplant dysfunction and allograft loss. Treat-
ment with low‑dose intravenous cidofovir may be com-
plicated by anterior uveitis. In 14 kidney‑transplant 
recipients given low dose cidofovir for PVAN, five (35%) 
patients developed anterior uveitis. Following discon-
tinuance of cidofovir, there was complete resolution 
of uveitis in four patients treated with topical corticoids 
and cycloplegics83. Other medication, such as Tacroli-
mus can also affect the eye. Preclinical toxicity studies 
in rats showed that tacrolimus may cause cataract due 
to an accumulation of sorbitol in the lens secondary 
to the diabetogenic effect of the drug. Tacrolimus, like 
cyclosporine, may have a direct neurotoxic effect. Acute 
cortical blindness has been reported occurring 5‑47 
days following transplantation. Reversibility within few 
weeks after discontinuation of tacrolimus is generally 
observed. A case of bilateral anterior ischemic optic 
neuropathy 3 months after liver transplantation has 
been reported in a patient on tacrolimus therapy. Clini-
cal features resembled ischemic optic neuropathies. 
Deterioration of vision and bilateral optic atrophy 
occurred despite discontinuation of the tacrolimus84.

�� CONCLUSIONS

In summary, there is a substantial evidence of a close 
association between kidney and eye diseases and there-
fore a large number of diseases with both renal and 
kidney involvement. Some pathologies or signs/symp-
toms should prompt ophthalmologic referral, such as:

– �Stage 4 hypertension (SBP > 210 mmHg or DBP > 
120 mmHg);

– �Sudden visual loss;
– �Painful red eye with loss of vision (especially in 

patients with autoimmune diseases);
– �Diabetic conditions with sudden or severe loss of 

vision;

Table 2

Other genetic disorders with ocular and kidney involvement72,78

Primary hyperoxaluria • �Kidney – Urinary stones, crystal deposition in 
tubular lumen and renal parenchyma, neph-
rocalcinosis and renal failure.

• �Eye – Flecked retinopathy.

Loewe syndrome • �Kidney – Fanconi syndrome.
• �Eye – Congenital bilateral cataract, glaucoma, 

corneal and conjuntival cheloids.

Renal coloboma syndrome • �Kidney – Renal agenesis, duplication, vesico-
uretal reflux, hydronephrosis.

• �Eye – Orbital cysts, microphthalmia coloboma 
(optic nerve, retina).

Alagille syndrome • �Kidney – Renal dysplasia, mesangiolipidosis, 
tubulointerstitial nephritis, tubuloacidosis, 
renal failure, medullary cystic disease.

• �Eye – Posterior embryotoxon, keratoconus, 
strabismus, myopia, retinitis pigmentosa.

Wilms tumour • �Kidney – Nephroblastoma.
• �Eye – Aniridia, optic nerve hypoplasia, retino-

blastoma.

Fraser syndrome • �Kidney – Slowly progressing nephrotic syn-
drome attributable to minimal glomerular 
changes of focal segmental glomerulosclero-
sis.

• �Eye – Cryptophthalmos.
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On the other hand, there are other situations that 
need a regular but not urgent ophthalmologic 
follow‑up:

– �Patients with suspected diabetic nephropathy, to 
evaluate the existence of diabetic retinopathy, 
since there is a strong correlation between diabetic 
retinopathy and diabetic nephropathy;

– �Patients with lupus nephritis under hydroxychlo-
roquine, to exclude retinal toxicity;

– �Patients with Sjogren’s Syndrome to assess severity 
and treat cases of dry eye;

– �Patients with chronic corticosteroids use, since they 
have a higher risk of glaucoma and early 
cataract.

Disclosure of potential conflicts of interest: none declared 
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