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Abstract

Purpose of Review This study aimed to discuss an updated, evidence-supported, stepwise approach to the diagnosis and
treatment of peripheral ulcerative keratitis (PUK).

Recent Findings PUK conventionally describes a rapidly progressive, crescent-shaped, peripheral, and inflammatory corneal
melt. Undertreated PUK may lead to vision loss and premature mortality. A comprehensive approach includes diagnosis,
short-term treatment, long-term treatment, and surgical considerations. Diagnosis is based on clinical findings. Next, the
clinician should pursue an underlying etiology with a meticulous workup, including careful consideration of microbial kera-
titis. Common causes are theumatoid arthritis, microbial keratitis, systemic necrotizing vasculitis (such as granulomatosis
with polyangiitis), and collagen vascular disease (such as systemic lupus erythematosus). For short-term management of
noninfectious PUK, therapy involves intensive anti-inflammatory therapy with corticosteroids. Adjunctive therapies such
as conjunctival resection, amnionic membrane transplantation, and topical cyclosporine are also discussed. Recurrence
commonly occurs, sometimes months to years later. Recurrence is a major source of premature vision loss. Additionally,
smoldering disease activity seems to confer a risk of early mortality. Therefore, we recommend starting or escalating immu-
nomodulatory therapy patients in most patients with sight-threatening, steroid-responsive, noninfectious PUK, especially
(but not limited to) those with systemic features or a corneal graft.

Summary PUK is a sight-threatening condition that requires a short-term and long-term view of the disease. Multidiscipli-
nary collaboration with other physicians is crucial to achieve optimal outcomes.
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Peripheral ulcerative keratitis (PUK) is a rare clinical
phenotype that generally describes a rapidly progres-
sive, peripheral corneal melt due to corneal inflammation
[1, 2]. Many local and systemic inflammatory conditions
cause it, especially uncontrolled systemic autoimmunity
due to rheumatoid arthritis (RA) or systemic necrotizing
vasculitis (SNV). PUK is sight-threatening. When due to
undertreated systemic disease, it should be considered life-
threatening. Because of its rarity, clinical treatment is guided
by case series, retrospective reports, and expert opinions.
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Nevertheless, recent advances have been made in its diag-
nosis and management.

Different underlying causes of PUK likely have different
underlying mechanisms [3]. For RA-associated or SNV-
associated PUK, an early event involves immune com-
plexes at the terminal ends of limbal vessels, which elicit
an immune response. Innate immune cells (i.e., neutrophils
and macrophages) drive early keratolysis. Additionally site-
specific T cells and antibody-producing B cells populate the
peripheral cornea and the limbal conjunctiva. This reposi-
tory of immunologic memory may lead to recurrent bouts of
inflammation. Occlusive vasculitis is often observed, with
the degree of ischemia correlating to the severity of dis-
ease [4, 5]. PUK’s association with prior corneal surgery,
trauma, local infection, or systemic infection also suggests
that immune sensitization plays a role, via either molecular
mimicry or direct exposure of corneal antigens.
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Diagnosis

No diagnostic criteria exist for PUK. Conventionally, PUK
implies a rapidly progressive, crescent-shaped, inflamma-
tory, and peripheral corneal melt. Active disease demon-
strates an epithelial defect, engorgement of limbal ves-
sels, and a white blood cell infiltrate in the corneal stroma
(“peripheral whitening”). These features separate it from
conditions that are indolent (e.g., Fuchs superficial mar-
ginal keratitis), non-peripheral (e.g. paracentral rheuma-
toid ulceration) [6], or non-inflammatory (e.g. pellucid
marginal degeneration), though some overlap may exist.

PUK may be unilateral or bilateral. Associated kerato-
conjunctivitis sicca, scleritis, and iridocyclitis are com-
mon. Scleritis, especially when necrotizing, increases
the likelihood of local necrotizing vasculitis and sys-
temic disease [7, 8]. In the USA and UK, RA is the most
common cause of PUK [8-13]. The classic patient is a
50- to 80-year-old woman with longstanding, seroposi-
tive, erosive RA. Inflammatory arthritis is often inactive
[14]. Consequently, these patients may be on little or no
immunosuppression at the onset of PUK. In Africa and
India, Mooren’s ulcer is a more common cause of PUK.
Mooren’s ulcer is a specific subtype of PUK defined by its
clinical presentation—intense pain, lack of scleritis and
systemic disease association, and circumferential progres-
sion. The classic patient is a 30- to 60-year-old man who
may be a smoker [15-17].

Finding an Underlying Cause

Because PUK is the final common pathway for diverse
insults, one must search for an underlying cause. Broadly,
the two common causes are systemic autoimmunity and
microbial keratitis. Autoimmunity typically requires high
doses of steroids and immunomodulatory therapy, whereas
infections may worsen with these same treatments.

As such, microbial keratitis requires careful considera-
tion. In the setting of risk factors (trauma, contact lenses,
steroids, immunosuppression, recent eye surgery, or prior
herpetic disease), corneal scrapings for bacteria, fungus,
acanthamoeba, mycobacteria, and viruses are manda-
tory. Infectious keratitis commonly occurs in the periph-
ery. For example, up to 50% of Moraxella ulcers begin
peripherally [18, 19]. Even when clinical suspicion is low
(e.g., longstanding RA), scrapings should be considered
for many reasons. Minor insults (e.g., cataract surgery
[20-23], refractive surgery [24], or typically non-patho-
genic infections [25]) can trigger an exaggerated inflam-
matory response in a predisposed individual. A microbial
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superinfection may occur over a primary rheumatoid melt.
Patients with rheumatologic disease are often immunosup-
pressed. And finally, herpesviral keratitis occurs spontane-
ously and may present similarly [26-30]. The literature is
replete with cases of infectious keratitis initially diagnosed
as autoimmune PUK. Thus, our practice is to culture all
patients with PUK.

Simultaneously, one should consider underlying autoim-
munity, which usually falls under one of three categories: (1)
rheumatoid arthritis (RA); (2) systemic necrotizing vasculitis
(SNV), especially granulomatosis with polyangiitis (GPA);
and (3) collagen vascular diseases (CVD), especially sys-
temic lupus erythematosus (SLE) and relapsing polychon-
dritis (RP). Systemic necrotizing vasculitis is an umbrella
term for the many systemic vasculitides not caused by RA
and may include conditions such as polyarteritis nodosa,
cryoglobulinemia, and leukocytoclastic vasculitis. For the
ophthalmologist, joint pains (for RA), sinus and lung issues
(GPA), genitourinary issues (GPA), mouth ulcers (SLE),
foot drop (SNV), ear and nose abnormalities (RP), and skin
rashes (SNV, SLE, and others) should prompt a referral to a
specialist who can diagnose and manage these issues.

Basic ancillary testing includes a complete blood count,
a comprehensive metabolic panel, erythrocyte sedimenta-
tion rate, C-reactive protein, a urinalysis, and a chest x-ray.
In this author’s experience, urinalysis and chest x-ray are
often overlooked by ophthalmologists. For PUK, these are
critically important because lung and urinary abnormali-
ties are important signs of SNV. Specific antibodies for RA
(rheumatoid factor (RF), anti-citrullinated cyclic antibodies
(anti-CCP)), SNV (anti-myeloperoxidase or p-ANCA; anti-
proteinase 3 or cc:ANCA), and SLE (anti-nuclear antibody)
should be obtained. Of note, anti-CCP may be more sensi-
tive than RF for RA, so both should be obtained. A trepone-
mal specific test [31] and a tuberculosis test should also be
obtained. Depending on the clinical scenario, additional test-
ing may include HIV [32-36], hepatitis panel [37—41], cryo-
globulin screen [39, 41, 42], anti-SSA/SSB, and complement
levels. Finally, the clinician should consider a biopsy since
this may be the best way to diagnose SNV. Common sites
include the skin, lungs, and kidney. Although high dose
steroids negatively affect biopsy yield, treatment should not
be delayed. Expedited referral and multi-disciplinary com-
munication are key.

If initial evaluation is negative, the differential expands
to include other causes of PUK. Ocular surface disease
can cause peripheral keratitis. Conditions include cicatri-
cial pemphigoid [23], trichiasis, keratoconjunctivitis sicca,
rosacea blepharitis, dermatologic causes like hidradenitis
supparativa [43], poorly fitting contact lenses, and exposure
keratopathy. Other items on the differential include culture-
negative infectious keratitis, leukemia [44—46], indolent sys-
temic infections (e.g., bartonella) [47], Vitamin A deficiency
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[48], inflammatory bowel disease, anti-myelin oligodendro-
cyte disease [49, 50], sarcoidosis [51-53], and autoimmune
hepatitis [40]. Recent case reports have focused on new
descriptions of medication-associated PUK, such as rituxi-
mab [54], tocilizumab [55], dupilumab [56], COVID vaccine
[57], checkpoint inhibitors [58, 59], and miltefosine [60].
A large minority of PUK cases are idiopathic or undif-
ferentiated. Mooren’s ulcer describes undifferentiated PUK
without scleritis that generally presents with intense pain
and an overhanging edge at the central aspect of the ulcer. It
represents the most common form of PUK in many parts of
the world and responds to anti-inflammatory therapy [16].

Treatment

The four goals of treating PUK are to (1) arrest keratoly-
sis, (2) heal the epithelium, (3) prevent recurrences, and (4)
prevent premature morbidity and mortality due to systemic
disease. Different underlying causes require different thera-
pies. For example, local infection may only require topical
antimicrobials. GPA, by contrast, requires intensive immu-
nomodulatory therapy. Treatment of microbial keratitis has
been described elsewhere [61]. This review will focus on
management of PUK due to other causes.

Corticosteroids

Aggressive corticosteroid therapy is the cornerstone of ini-
tial, short-term management when suspicion for infection is
low. Oral Prednisone 1-1.5 mg/kg/day (up to 60 mg daily)
in the AM with food and tapered over months is standard
initial therapy, especially if there is an associated systemic
condition or scleritis. Other forms of corticosteroids may
be appropriate on a case-by-case basis. In the 1980s, hourly
prednisolone acetate 1% was described the first rung in a
stepladder approach to Mooren’s ulcer [62, 63]. Indeed, a
recent study using a modified version of this approach with
conjunctival resection demonstrated good initial rates of
resolution (47/62 patients). Nevertheless, recurrence rates
remained high (26/62) [64]. Patients should be monitored
closely, as topical steroids may exacerbate occult infections
and delay epithelial healing. Monotherapy of PUK with
topical steroids is controversial [2]. For severe melts, bilat-
eral melts, or impending perforation, a loading dose with
“pulsed” intravenous methylprednisolone (500-1000 mg
daily for 1-3 consecutive days) may be appropriate. Patients
should be screened for diabetes mellitus, hypertension, psy-
chiatric disorders, endocrine disorders, fractures, and infec-
tions prior to receiving systemic corticosteroids, and their
medical physician should be notified.

Adjunctive Therapies for Short-Term Management

Multimodal adjunctive therapy is often employed, especially
in the early stages of disease. It is difficult to know whether
and which interventions change the course of disease since
they are usually used in combination. A thin cornea, epithe-
lial defect, and immunosuppression carry a non-trivial risk
of anthropogenic perforation or superinfection when patients
touch the area around their faces. Thus, all therapies require
justification.

Adjunctive eye drops are commonly used. Frequent, pre-
servative-free, topical lubricants can help treat associated
keratoconjunctivitis sicca. Topical antibiotics may prevent
a bacterial superinfection in the setting of a sterile epithelial
defect. Judicious use of topical corticosteroids, as discussed
above, speeds resolution of inflammatory keratitis and treats
associated iridocyclitis. Cycloplegia is recommended if there
is a robust anterior chamber reaction. Topical cyclosporine
(CsA) 1% or 2% may reduce keratitis. CsA has a favorable
long-term safety profile compared to topical corticosteroids.
Topical cyclosporine seems particularly effective in surgi-
cally induced necrotizing keratitis and paracentral rheuma-
toid ulceration, both of which have reports of success with
CsA monotherapy [6, 21, 65].

Invasive interventions also have a role. One study
reported that monotherapy with amniotic membrane trans-
plantation successfully resolved the acute process in 16/18
eyes with Mooren’s ulcer [66]. Nevertheless, reports with
long-term follow caution that recurrence rates remain high
[67, 68]. Similarly, conjunctival resection has long played a
role in the management of PUK, especially Mooren’s ulcer
[69]. In theory, resection reduces inflammatory mediators
coming from conjunctival vessels to the peripheral cornea.
Indeed, numerous reports show that conjunctival resection
as monotherapy or with topical corticosteroids can heal PUK
and Mooren’s ulcer during the initial episode [64, 70, 71].
Much like amniotic membrane transplantation; however, it
does not consistently induce remission [64, 72].

Other options have anecdotal reports of efficacy, but
they are limited by cost and accessibility. Blood-derived
tear products (serum tears, platelet rich plasma, or plasma
rich in growth factors) demonstrate possible efficacy in other
inflammatory ocular surface diseases such as dry eye dis-
ease and persistent epithelial defects [73]. There are case
reports of efficacy as a component of multimodal adjunctive
therapy in PUK [74, 75]. Blood-derived tears are essentially
a growth medium and should be used in caution in suspected
infections without antimicrobial coverage. Adjunctive oral
therapies may also be used. Animal studies show oral ascor-
bic acid slows keratolysis [76]. Oral tetracyclines or oral
macrolides serve a dual role in reducing matrix metallopro-
teinases and reducing blepharitis [77, 78]. These agents are
particularly effective if rosacea or meibomitis is contributing
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to surface inflammation. Topical medroxyprogesterone, topi-
cal collagenase, low-dose povidone iodine, and oral colla-
genase inhibitors may serve an ancillary role [1, 79].

Some medications should be avoided in PUK. Topical
non-steroidal anti-inflammatory drugs (NSAIDs) may para-
doxically accelerate a corneal melt. Oral NSAIDs and oral
steroids together pose an unacceptably high risk of peptic
ulcer disease. Low potency formulations of cyclosporine
(e.g., Cyclosporine 0.05%, Cyclosporine 0.09%, Cyclo-
sporine 0.1%) are inappropriate for sight-threatening PUK.
Subconjunctival depot of triamcinolone acetonide is usually
avoided due a theoretical risk of accelerating necrosis.

Immunomodulatory Therapy

Noninfectious PUK should be considered an indication to
start or escalate immunomodulatory therapy (IMT). Studies
consistently demonstrate that outcomes improve with IMT
compared to corticosteroid monotherapy [80, 81]. In 1984,
Foster et al. described a non-randomized study comparing
glucocorticoids to glucocorticoids + IMT. The mortality
rate of patients on glucocorticoid therapy alone was 54%,
whereas the mortality rate of patients on IMT was 5% [82].
Other studies echo this finding, including a recent study from
2020 that showed a mean estimated survival of 10.7 years
of patients without IMT compared to 24.7 years with IMT
[83]. On an eye level, IMT also improves outcomes. Without
IMT, the success of corneal transplantation is dismal [65,
84]. A study from 1995 reported an 11% rate of success of
grafts without IMT [85]. IMT also protects against recur-
rent disease, which is a major cause of long-term visual dis-
ability. For example, that same study described that of 25
graft failures, 20 occurred due to recurrent disease up to
6 months later.

Notably, many of these studies included all patients with
PUK, not just those due to a named autoimmune disease.
Our practice is to immunosuppress most patients with ster-
oid-responsive, presumed noninfectious PUK even if a rheu-
matologic workup does not reveal a frank underlying cause.
As mentioned above, inflammatory arthritis may be inactive
at the time of a PUK episode. Thus, it is the responsibility
of the ophthalmologist to communicate the sight-threatening
and life-threatening nature of PUK to the rheumatologist,
who may not find any other reason to immunosuppress the
patient.

IMT typically takes 1-3 months to reach full efficacy.
Therefore, IMT should not be considered a substitute for cor-
ticosteroids in the short-term. Rather, it should be thought
of as long-term therapy to prevent recurrences and avoid
the unacceptable safety profile of large cumulative doses
of systemic corticosteroids. IMT is often started alongside
corticosteroids to allow the clinician to safely taper off ster-
oids without recurrence. It also serves an ancillary role for
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short-term therapy. Both high-dose corticosteroids and IMT
should be managed with a provider experienced in using
these agents, as they require careful monitoring for adverse
events.

It is unclear how long patients must remain on IMT
before they remit. One study with long-term follow up after
conjunctival resection demonstrated recurrence-free sur-
vival rate of 42.5% at 1 year which dropped to 21.3% after
2 years. [72]. This is consistent with our clinical experi-
ence that recurrent disease may occur years after the initial
episode. Our recommendation is a minimum of 2 years of
quiescence prior to trialing a taper off IMT. Some patients
with severe damage may benefit from indefinite IMT since
the consequences of another flare would be blinding.

The choice of IMT depends on disease severity and
underlying cause. Generally, the clinician can use similar
IMT to that of scleritis. For mild or early disease, a trial
of antimetabolite therapy is appropriate. Our preferred
agents include methotrexate 25 mg weekly or mycophe-
nolate mofetil 3 g daily. A study from the UK described
patients with RA-associated PUK in which 69/70 patients
received non-biologic IMT (antimetabolites, T-cell inhibi-
tors, or cyclophosphamide). It demonstrated perforation
in 8/58 patients and a 15% 10-year mortality rate, which
were better outcomes than previous reports [10]. Inadequate
response to antimetabolites should prompt biologic therapy.
For PUK due to RA, early initiation with anti-TNF agents
(adalimumab or infliximab) should be considered, as these
agents have a strong track record in both RA and inflamma-
tory eye diseases. If there is not a clear response, we have a
low threshold to escalate to rituximab.

Rituximab may be particularly effective for PUK. A
retrospective study of 34 PUK patients requiring biologic
treatment described first-line success in 7/7 cases with
rituximab, 10/16 with adalimumab, and 3/8 with infliximab
[86]. A non-randomized study found that rituximab was
more effective than cyclophosphamide for GPA-associated
PUK [87]. A non-comparative study of RA patients found
that 7/8 did not recur with rituximab maintenance dosing
[88], and another found success in 6/6 eyes with refractory
Mooren’s ulcer [89]. Rituximab is first-line therapy for sys-
temic GPA [90, 91]. Similarly, rituximab but not anti-TNF
agents, work for systemic lupus erythematosus. Therefore,
we typically recommend rituximab as first-line treatments
in GPA-associated, SNV-associated, SLE-associated, and
severe PUK. Historically, cyclophosphamide has been the
drug of choice for severe cases of PUK, and it deserves
consideration. Cyclophosphamide carries a risk of bladder
toxicity, sterility, and cancer.

Newer US FDA-approved agents for RA or SLE show
scattered anecdotal success, but there is less evidence for
their efficacy in PUK. These include antimetabolites (leflu-
nomide), anti-TNF agents (golimumab, certolizumab),
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anti-I1-6 agents (tocilizumab, sarilumab), anti-II-1 agents
(anakinra), anti-B cell agents (belimumab), and Janus kinase
inhibitors (tofacitinib, upadacitinib, baricitinib). Other IMT
agents such as azathioprine and cyclosporine have histori-
cally demonstrated efficacy. Of note, oral NSAIDs, hydroxy-
chloroquine, sulfasalazine, and etanercept are not generally
recommended for PUK.

Surgery for Perforation

Surgery is indicated for perforation [92]. A general approach
involves corneal tissue adhesive and bandage contact lens
for small perforations (less than 2-3 mm) and corneal trans-
plantation with a full-thickness patch graft for larger perfora-
tions. Large-diameter corneal grafts are the standard method
when diffuse central and peripheral support is required. Peri-
operative immunosuppression and/or conjunctival resection,
as discussed above, are adjunctive measure that may improve
outcomes.

All of these methods are limited by a high risk of rejec-
tion and a risk of glaucoma due to destruction of the cor-
neoscleral angle [93]. One retrospective review of RA-asso-
ciated corneal ulceration from 1999 to 2006 found a 5-year
graft survival rate of 48% [84]. In a study of 704 penetrating
keratoplasties, PUK was reported to be single biggest risk
factor for graft rejection [94]. Furthermore, surgery is lim-
ited by a worldwide scarcity of corneal tissue and inconsist-
ent visual outcomes due to astigmatism.

As such, investigators have explored alternate methods
for tectonic support. As early as the 1970s, peripheral ante-
rior lamellar keratoplasty has been a popular technique due
to a theoretically lower risk of rejection [4, 95-97]. This
technique is technically challenging. Recently, endothelial
keratoplasty has been described as a viable technique to
achieve tectonic support [98, 99]. For situations requiring
central and peripheral support, lamellar keratoplasty using
a peripheral “tuck” into a mid-thickness scleral pocket has
been described as a way of avoiding the corneoscleral angle
[100]. Many regions have limited access to donor corneal
tissue. Therefore, some surgeons advocate for alternate graft
materials, including multilayered amnion, autologous ten-
ons, and acelluar porcine stroma [101-105].

Conclusion

Peripheral ulcerative keratitis is a sight-threatening condi-
tion that requires aggressive therapy. Initially, a meticulous
history, exam, and workup are required. The clinician should
determine whether an infection, systemic autoimmunity, ana-
tomic abnormalities, or other inflammatory conditions are
the etiology of the inflammation. For noninfectious PUK due
to presumptive autoimmunity, aggressive anti-inflammatory

therapy with corticosteroids is recommended for short-term
management and immunomodulatory therapy should be con-
sidered for long-term management to prevent recurrences,
induce remission, and prolong the patient’s life.
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