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Purpose: To report a case series of lacrimal duct obstruction and infection associated with non-traumatic corneal perforation.
Case Series: This study included 6 eyes in 6 patients with non-traumatic corneal perforation treated between April 2019 and
March 2021. All 6 cases were associated with lacrimal duct obstruction and infection. Purulent discharge caused by lacrimal duct
infection was observed in all 6 patients (100%). However, three of the 6 patients (50%) did not show purulent discharge at initial
examination and lacrimal duct obstruction was therefore not initially recognized. Dry eye was observed in five of the 6 patients (83%)
and may have caused corneal deterioration, increasing susceptibility to perforation. Further, dry eye masks symptoms of lacrimal duct
obstruction and infections, such as epiphora and regurgitation of purulent discharge, making the association with lacrimal duct
obstruction and infection difficult to determine. All patients were treated for both corneal perforation and lacrimal duct disease, and
conditions improved, with no recurrence of either corneal perforation or lacrimal duct disease.
Conclusion: In patients with a combination of lacrimal duct disease and corneal perforation, treatment of both diseases resulted in
stabilization of patient condition. Dry eyes may mask symptoms of lacrimal duct diseases, such as epiphora and purulent discharge,
and lacrimal duct disease may thus be underdiagnosed.
Keywords: corneal perforation, lacrimal duct obstruction, lacrimal duct infection, dacryocystitis, purulent discharge, dry eye, case
series

Introduction
Corneal perforation is associated with significant ocular morbidity and warrants prompt intervention, both to restore
globe integrity and to minimize the risk of secondary complications, such as endophthalmitis, choroidal hemorrhage, and
glaucoma. Causes of corneal perforation include trauma, microbial keratitis, ocular surface diseases like dry eye or
Sjögren syndrome and autoimmune disorders like rheumatoid arthritis or Mooren’s ulcer.1–5 Although reports have
described corneal perforation caused by canaliculitis6,7 or dacryocystitis,8,9 the relationships of lacrimal duct obstruction
or lacrimal duct infection and corneal perforation have not been examined in a large number of cases, so much remains
unclear. This study aimed to report cases of lacrimal duct obstruction and infection associated with non-traumatic corneal
perforation and investigation of the characteristics of such cases.

Methods
A total of 27 eyes in 26 consecutive patients (15 men, 11 women; mean age, 68.7 years; range, 5–93 years) who were
treated due to non-traumatic corneal perforation from April 2019 to March 2021 at Gunma University Hospital were
identified. The medical records for these 27 eyes were reviewed and 6 eyes of 6 patients were associated with
nasolacrimal duct disease and infection. The present case series included these 6 patients, for whom we reviewed the
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systemic and ocular complications, symptoms, status of lacrimal duct, causative organism, treatment of lacrimal duct
disease and corneal perforation, and visual outcomes.

When lacrimal duct obstruction was suspected, the lacrimal syringing test and dacryoendoscopy (FT-203F MD10;
FiberTech Co., Tokyo, Japan) tests were conducted to diagnose lacrimal duct obstruction or lacrimal duct infection.
Dacryoendoscopy was performed as previously reported10 to check the status inside the lacrimal duct. A lacrimal stent
(Lacrifast®; Kaneka Co., Osaka, Japan) was used for nasolacrimal duct intubation.

Bacteriological examinations, including smear test and culture, were performed when purulent discharge was
observed. Pathological examinations were performed when lacrimal concretion was obtained.

Although no consensus has been reached on uniform criteria for the diagnosis of dry eye, this study diagnosed dry eye
according to the criteria of Holland et al11 Briefly, a combination of a questionnaire on symptoms, checking the status of
the corneal epithelia by fluorescent staining and checking the status of lacrimal secretion by the Schirmer test were used.
The questionnaire included items regarding foreign body sensation, itching, eye pain, epiphora, photophobia, discharge,
vision difficulties, hyperemia and any additional symptoms.

This study was approved by the ethics committee of the Gunma University Graduate School of Medical Science
(approval no. HS2021-154) and all protocols were conducted in accordance with the tenets of the Declaration of
Helsinki. Consent for publication was obtained from all patients.

Case Presentations
Mean age of the 6 patients (1 male, 5 females) with corneal perforation associated with lacrimal duct disease was 76.7
years (range, 68–88 years). Detailed information including age, sex, laterality, systemic and ocular complications,
presence of epiphora, presence of purulent discharge and timing of the discharge being noticed, prescription of
antimicrobial eye drops at the time of referral, results of both smears and culture of purulent discharge, pathology of
lacrimal concretion, status and treatment of the lacrimal duct, treatment of the corneal perforation, corneal status of the
other eye, visual acuity before and after treatment, and causes of corneal perforation are summarized in Table 1.

Case 1
An 82-year-old woman was referred to our department with recurrent corneal perforation in the right eye. Three years
earlier, her right eye had developed a corneal perforation. At that time, severe dry eye due to Sjögren’s syndrome had
been diagnosed as the cause of corneal perforation. She was treated with amniotic membrane transplantation and
conjunctival flap. Upper and lower lacrimal punctum coagulation to close the lacrimal duct had then been conducted
by a local ophthalmologist for severe dry eye. At the referral, opacity, and vascular invasion due to previous corneal
perforation from the center to the lower part of the cornea were observed in the right eye, and a new corneal perforation
was identified on the temporal side of the previous corneal perforation (Figure 1A). Since visual acuity was poor with
light perception, she was administered ofloxacin eye ointment to stop leakage without surgery. Ten days after referral, the
leakage had not stopped, so a conjunctival flap was applied. Eleven days after referral, the reflux of purulent discharge
from the reopened lacrimal punctum in the right eye was noticed. Nasolacrimal duct obstruction in the middle to lower
part and chronic dacryocystitis were confirmed on dacryoendoscopy, and nasolacrimal duct intubation was conducted.
After 1.5 months, dacryocystitis subsided. The lacrimal stent was then removed, and the lacrimal punctum and lacrimal
canaliculi were cauterized to completely close the lacrimal duct.

Case 2
An 88-year-old woman reported difficulty seeing in the right eye for the past 4 days and sudden loss of vision the day
before. She visited her local ophthalmologist and was referred to our department for corneal perforation of the right eye.
She had been visiting the ophthalmologist for uveitis and dry eye, but had stopped seeing the doctor a year earlier.
However, she had continued to use steroid eye drops once a day in both eyes. Peripheral corneal thinning was observed
from the 8 o’clock to 1 o’clock position and corneal perforation was evident at 1 o’clock in the right eye (Figure 1B).
Filamentary keratitis and superficial punctate keratopathy (SPK) were observed in the left eye. The Schirmer I test
showed 9 mm in the right eye and 0 mm in the left eye, although results for the right eye were considered inaccurate
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Table 1 Summary of Patient Data Related to Lacrimal Duct Disease and Corneal Perforation

Case No. 1 2 3 4 5 6

Age 82 88 74 78 68 70

Gender F F F F M F

Laterality Right Right Right Right Right Right

Systemic and ocular
complications

Dry eye
Sjogren’s syndrome

Dry eye
Sjogren’s syndrome

suspected Rheumatoid

arthritis

Atrial fibrillation
Hypertension

Dry eye
Rheumatoid arthritis

Dry eye
Graft versus host

disease(GVHD)

Chronic myeloid
lymphoma(CML)

Dry eye
Systemic lupus

erythematosus(SLE)

Mixed connective tissue
disease(MCTD)

Hypertrophic

cardiomyopathy

Epiphora - + + + - -

Purulent discharge
(timing of being noticed)

+

(During hospitalization)

+

(Initial examination)

+

(Initial examination)

+

(Initial examination)

+

(During hospitalization)

+

(During hospitalization)

Prescribed antimicrobial
eye drops at referral

+ - + + - +

Prescribed steroid eye
drops at referral

- + - + + +

Smear result of purulent
discharge

Negative Gram positive coccus Streptococcus Streptococcus Negative Negative

Culture result of
purulent discharge

Streptococcus spp Citrobacter koseri.
Morganella morganii

MSSA MRSA Streptococcus constellatus MSSA

Pathological result of
lacrimal concretion

No specimen No specimen No specimen Filamentous bacteria

consistent with

Actinomycete by Glocott
staining

no specimen Mycelium-like structure

suggesting fungus

(Continued)
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Table 1 (Continued).

Case No. 1 2 3 4 5 6

Status of lacrimal duct Prior lacrimal punctums
closure

Reopening of lacrimal
punctums and lower part

of nasolacrimal duct

obstruction, resulting in
chronic dacryocystitis

Obstruction of the
nasolacrimal duct just

below the lacrimal sac,

resulting in chronic
dacryocystitis

Lower part of
nasolacrimal duct

obstruction, resulting in

chronic dacryocystitis

Obstruction of the
nasolacrimal duct just

below the lacrimal sac,

resulting in canaliculitis

Prior dacryocystectomy
and lacrimal punctums

closure

Reopening of the inferior

lacrimal punctum,

resulting in abscesses
filling the dead space

where the lacrimal sac

used to be

Obstruction of the
nasolacrimal duct just

below the lacrimal sac,

resulting in lacrimal
concresion

Treatment for lacrimal
duct disease

Tube intubation resulting

in infection subsided
→
closure of lacrimal

canaliculi and lacrimal
punctums

Tube intubation Tube intubation

resulting in uncontrolled
infection

→
dacryocystorhinostomy

Tube intubation resulting in

uncontrolled infection
→
dacryocystectomy

Drainage of dead space

Closure of inferior
lacrimal canaliculus and

lacrimal punctum

Dacryocystectomy

Removal of lacrimal
concretion

Closure of lacrimal

canaliculi and lacrimal
punctums

Treatment for corneal
perforation

Conjunctival flap Therapeutic SCL Therapeutic SCL Therapeutic SCL Therapeutic SCL LKP

Visual acuity before and
after treatment

LP→ LP HM→20/250 20/200→20/63 20/32→20/25 20/400→20/25 20/40→20/20

Corneal status of the
other eye

SPK SPK
Peripheral corneal

thinning

Clear SPK
Peripheral corneal thinning

SPK SPK

Causes of corneal
perforation

Lacrimal duct disease

Dry eye

Lacrimal duct disease

Dry eye
Peripheral corneal

thinning

Lacrimal duct disease Lacrimal duct disease

Dry eye
Peripheral corneal thinning

Lacrimal duct disease

Dry eye

Lacrimal duct disease

Dry eye

Abbreviations: F, female; M, male; MSSA, methicillin-sensitive Staphylococcus aureus; MRSA, methicillin-resistant Staphylococcus aureus; LP, light perception; HM, hand motions; SCL, soft contact lenses; LKP, lamellar keratoplasty; SPK,
superficial punctate keratopathy.
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because of the presence of corneal perforation. Blood tests were positive for SS-A antibody, SS-B antibody, and
rheumatoid factor. Based on these results, Sjögren’s syndrome was suspected. A family history of rheumatoid arthritis
in her daughter and peripheral corneal ulcer suggested that she also had rheumatoid arthritis, but since the patient had no
joint symptoms, a definitive diagnosis of rheumatoid arthritis could not be made. In the right eye, direct examination of
vitreoretinal tissue was not possible due to corneal edema and anterior chamber inflammation. B-mode ultrasonography
showed neither vitreous opacity nor choroidal detachment. Lacrimal syringing test indicated nasolacrimal duct obstruc-
tion and chronic dacryocystitis in the right eye. Gatifloxacin eye drops, cefmenoxime eye drops and betamethasone eye
drops were prescribed. Therapeutic soft contact lenses (SCL) were also applied. Four days after the first visit,
dacryoendoscopy of the right eye revealed obstruction of the nasolacrimal duct just below the lacrimal sac and chronic
dacryocystitis, and nasolacrimal intubation was conducted. Six days after referral, cellulitis developed around the right
lacrimal sac, with a blood temperature of 38.5°C. She was admitted to hospital and received intravenous administration
of antimicrobial agents. Her condition gradually improved, and intravenous infusion ended after a week. Finally, the
cellulitis and lacrimal duct infection subsided. Perforated cornea also stabilized, with corrected visual acuity reaching
20/250.

Case 3
A 74-year-old woman was referred for corneal perforation of the right eye. Four months earlier, nasolacrimal duct
intubation of the right eye had been performed by a local ophthalmologist. However, ocular discharge had continued, and
the lacrimal stent had been removed 2 months earlier. Ocular hyperemia and discharge had continued, and corneal
perforation was identified in the central part of the cornea (Figure 1C). Treatment with therapeutic SCL, levofloxacin eye
drops, and vancomycin eye drops was prescribed, since methicillin-resistant Staphylococcus aureus (MRSA) had been
detected in a culture by the previous ophthalmologist. Dacryoendoscopy of the right eye revealed obstruction of the
lower nasolacrimal duct and infection of the whole length of the nasolacrimal duct. Nasolacrimal duct intubation was

A B C

D E F

Figure 1 Slit lamp photographs of the perforated cornea in the 6 patients. Slit lamp photographs (A–F) show the corneal perforations in cases 1–6, respectively. All
perforations occurred in the right eye. Red arrows indicate the area of corneal perforation. (A) Prior perforated area central to the inferonasal cornea with opacification and
neovascularization are shown. A new perforation is observed temporal to that opacification, resulting in flattening of the anterior chamber. (B) Peripheral corneal thinning is
apparent in the temporal to superior area with oval perforation in the superior area where the iris is incarcerated. The Anterior chamber is severely inflamed, with flare and
severe hyperemia. (C) A small corneal perforation is observed slightly inferonasal to the corneal center. Flattening of the anterior chamber and severe hyperemia are also
evident. (D) Peripheral corneal thinning in the inferonasal to temporal area is evident. A small corneal perforation is observed in the inferonasal area. (E) Inferonasal
opacification of the cornea and neovascularization due to prior corneal perforation are shown. A perforation with iris fitting is apparent in the same area. (F) An oval
perforation is apparent in the superior peripheral cornea. Although therapeutic SCL is applied and iris fitting has occurred, the anterior chamber is very shallow.
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then conducted. The corneal perforation was closed spontaneously soon after applying the therapeutic SCL, and
gradually increased in corneal thickness. The ocular discharge tended to decrease but did not disappear completely.
The patient therefore underwent dacryocystorhinostomy as a fundamental treatment.

Case 4
A 78-year-old woman with a history of rheumatoid arthritis was referred to our department with corneal perforation in
the right eye. Three months earlier, a periapical corneal ulcer had been identified in the right eye and had once improved
with antimicrobial and steroid eye drops. However, the peripheral ulcer recurred 2 months earlier, resulting in corneal
perforation despite the use of antimicrobial and steroid eye drops. The patient was referred to our department after
wearing a therapeutic SCL. The patient also had dacryocystitis and the lacrimal sac was punctured by her local
ophthalmologist. At the time of referral to our department, the anterior chamber had been formed with a therapeutic
SCL. The cornea of the right eye showed peripheral thinning from the 6 o’clock to 10 o’clock positions, and perforation
was observed on the inferior nasal area (Figure 1D). Cefmenoxime and betamethasone eye drops were prescribed.
Dacryoendoscopy of the right eye revealed obstruction in the upper nasolacrimal duct and lacrimal concretion in both the
inferior canaliculus and lacrimal sac. Nasolacrimal intubation was conducted. Two days later, although the discharge was
reduced, hardness around the lacrimal sac was observed, and antibacterial medication was prescribed. Four days later, the
site of lacrimal sac puncture became a lacrimal cutaneous fistula, and the surrounding area became infected. Since MRSA
was detected in the culture of discharge at the first visit, intravenous vancomycin was initiated. Eight days later, the
inflammation was resolved. Dacryocystectomy of the right eye was performed, and the upper and lower canaliculi and
lacrimal puncta of both eyes were ablated to close the lacrimal ducts.

Case 5
A 68-year-old man presented to our department with recurrent corneal perforation in the right eye. He had a history of
bone marrow transplant for chronic myelogenous leukemia and graft-versus-host disease (GVHD) with severe dry eye, as
well as corneal perforation in the right eye and right dacryocystectomy with lacrimal punctum coagulation for chronic
dacryocystitis 3 years earlier. Since then, he had been using steroid eye drops. His left eye also had a corneal perforation
and a history of lacrimal duct treatment, although the details were unclear. Opacity and vascular invasion in the lower
nasal cornea of the right eye due to previous corneal perforation, and recurrent corneal perforation in the same area were
observed during referral (Figure 1E). The patient was admitted to the hospital the same day and was prescribed
gatifloxacin eye drops and steroid eye drops. Anterior chamber formation occurred soon after the application of
therapeutic SCL. Twelve days after admission, therapeutic SCL was removed and no leakage from the anterior chamber
was observed. Thirteen days after admission, reopening of the right inferior punctum and reflux of discharge from the
punctum was observed with pressure on the right lacrimal sac. A dead space was identified at the site of the previously
resected lacrimal sac, causing infection-like dacryocystitis. The patient underwent dacryocystectomy with drainage of
discharge and complete closure of the lacrimal duct.

Case 6
A 70-year-old woman showed corneal perforation of the right eye. She had systemic lupus erythematosus, mixed
connective tissue disease and hypertrophic cardiomyopathy, and was taking oral prednisolone at 6 mg/day. She had
started dry eye treatment 3 years earlier. One month earlier, the patient had developed peripheral corneal ulcer in the right
eye. She was prescribed steroid eye drops, steroid ointment, levofloxacin eye drops and cyclosporine eye drops. Three
weeks earlier, upper and lower lacrimal plugs had been inserted into the right eye. Two days earlier, she developed
corneal perforation and was referred to our department wearing a therapeutic SCL. At the time of the initial visit to our
department, peripheral corneal perforation in the supranasal area was observed in the right eye, and the anterior chamber
had flattened despite wearing the therapeutic SCL (Figure 1F). In the left eye, no thinning or perforation of the peripheral
cornea was observed (Figure 2A). However, fluorescein staining revealed severe SPK (Figure 2B). She was directly
admitted the same day. Lamellar keratoplasty (LKP) of the right eye was performed the next day. Eleven days after LKP,
reflux of purulent discharge from the lacrimal duct of the right eye was observed (Figure 2C). Dacryoendoscopy revealed
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an obstruction just below the lacrimal sac, a large lacrimal concretion in the lacrimal sac, and purulent discharge in the
lacrimal sac and lacrimal canaliculi. Dacryocystectomy and removal of the lacrimal concretion were then performed
(Figure 2D), and the lacrimal punctum and canaliculi were closed by coagulation.

Discussion
Yokogawa et al7 reported that 2 of 31 eyes (6.4%) with perforated corneas showed diseases of the lacrimal drainage system.
These 31 cases were exclusively severe cases requiring corneal surgery and cases treated with therapeutic SCL were
excluded. In the present study, 4 of the 6 cases (Cases 2–5) were small perforations that could be treated with therapeutic
SCL, and those cases had been excluded from the report by Yokogawa et al. However, even a small corneal perforation can
lead to an urgent condition such as endophthalmitis, so investigation of the exact cause of corneal perforation and the
presence of lacrimal duct obstruction or lacrimal duct infection that would contribute to corneal perforation is important.

Corneal ulcers result from lacrimal duct obstruction and lacrimal duct infection.12,13 The mechanism is postulated to
involve direct invasion by pathogenic organisms that flow back to the ocular surface from the lacrimal sac,6 backflow of
toxins, matrix metalloproteinases and lysosomes produced in the lacrimal duct,8 or allergies against toxins produced by
pathogenic organisms.7 On the other hand, lacrimal canaliculitis and dacryocystitis rarely lead to corneal perforation,
presumably because of the need for a combination of factors, not simply the single factor of lacrimal duct infection, but
also host factors.8

As a complication of systemic and ocular diseases, five of the six cases (83%) had dry eye. Two patients (Cases 1
and 2) had primary Sjögren’s syndrome dry eye, and the other two (Cases 4 and 6) had secondary Sjögren’s syndrome
associated with collagen diseases. The remaining case (Case 5) had non-Sjögren’s syndrome dry eye, a secondary
lacrimal gland deficiency due to GVHD. Epiphora was observed in three of the six (50%) patients (Cases 2–4) and not in
the other three. Purulent discharge was observed in all six patients but was not apparent at the time of initial examination

A B

C D

Figure 2 The cornea of the other eye and lacrimal disease in the perforated eye. (A and B) Slit lamp photographs of the left eye in case 6 at the time of initial examination.
Although no peripheral thinning or perforation of the cornea is evident, severe SPK is observed with fluorescent staining, indicating the presence of dry eye. (C) Slit lamp
photograph of the right eye in case 6 on hospital day 13. Backflow of purulent discharge from the lacrimal duct is evident. (D) Intraoperative photograph of the right eye in
case 6 on hospital day 15. Percutaneous dacryocystectomy (white dotted circle) and closure of the lacrimal puncta and lacrimal canaliculi are performed. Intraoperatively,
a large lacrimal concretion (red dotted circle) is detected in the lacrimal sac and extracted. The concretion consists of MSSA and suspected fungus.
Abbreviations: N, nasal; T, temporal; S, superior; I, inferior.
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and was only noticed during hospitalization in the three patients who did not show epiphora (Cases 1, 5 and 6). All five
patients with SPK in the cornea of the other eye (Cases 1, 2, 4–6) had dry eye, and two patients with peripheral corneal
thinning (Cases 2, 4) had confirmed and suspected rheumatoid arthritis, respectively.

Based on these results, corneal perforation was attributed to lacrimal duct disease alone in one patient (Case 3), to
a combination of lacrimal duct disease and dry eye in three patients (Cases 1, 5 and 6), and to a combination of lacrimal
duct disease, dry eye, and autoimmune disorders such as rheumatoid arthritis in two patients (Cases 2 and 4). This result
is consistent with previous speculation that corneal perforation associated with lacrimal duct obstruction or lacrimal duct
infection is complicated by factors other than lacrimal duct disease.

In the present study, steroid eye drops had been used for 4 of 6 eyes (66%) prior to corneal perforation. Some reports
have suggested that the use of steroid eye drops contributes to corneal ulcer or perforation.14,15 However, those reports
were based on a relatively small number of cases and did not conduct statistical analyses. On the other hand, studies with
larger numbers of patients and statistical analyses have shown that steroid use is not a risk factor for causing corneal
perforation.16,17 Further, steroids are frequently used to promote quiescence in cases of severe ocular surface inflamma-
tion, so steroid use may be a marker of heightened disease severity.18 In fact, for cases in which steroid eye drops were
prescribed to treat peripheral corneal ulcer (Cases 4 and 6), steroid eye drops may have contributed to preventing corneal
perforation. Although determining how steroid eye drop use affects each case of corneal perforation in this study is
difficult, it should be noted that while corticosteroids can decrease ocular surface inflammation, they may also increase
the risk of corneal ulceration or perforation, so corticosteroids should be used judiciously.18

Epiphora and elevation of tear meniscus height are usually observed in lacrimal duct obstruction, and purulent
discharge is observed in lacrimal duct infections such as dacryocystitis. These epiphora, elevated tear meniscus and
purulent discharge can be easily noticed both subjectively and objectively, leading to diagnosis of lacrimal duct disease.
However, three patients (Cases 1, 5 and 6) who were noticed to have been discharged during hospitalization showed
neither epiphora nor discharge at the time of initial examination, while the other three patients (Cases 2–4) showed both
epiphora and discharge at the time of initial examination. The reduced tear meniscus due to severe dry eye was thought to
have masked epiphora and discharge, and obstruction or infection of the lacrimal duct went unnoticed. Therefore, in
cases of corneal perforation in a patient with dry eye, even in the absence of epiphora or discharge, the presence of
lacrimal duct obstruction and lacrimal duct infection should be suspected, and the patient should be checked by
compression of the lacrimal sac, lacrimal syringing test and dacryoendoscopy. Patients could possibly have already
been prescribed antimicrobial eye drops at the time of referral, and therefore did not show discharge. However, in
Cases 3 and 4, ocular discharge was observed from the time of initial examination even though antimicrobial eye drops
had been prescribed, so this hypothesis was not supported.

Although Sjögren’s syndrome and rheumatoid arthritis are known to cause corneal perforation, these conditions are
basically bilateral.3 Further, while cases of corneal perforation caused by dry eye alone have been reported,2,3 no studies
have provided data on large numbers of dry eye cases allowing rough calculation of the rate of corneal perforation. Dry
eye may be complicated by corneal ulceration, particularly in patients with Sjögren’s syndrome, and corneal perforation
may occasionally develop in such cases.2,3 Corneal perforation occurred in 17 of 1838 patients (0.9%) with Sjögren
syndrome4 and in 2 of 243 patients (0.8%) with ocular GVHD.18 The incidence of corneal perforation associated with
rheumatoid arthritis is estimated as 0.234–9.82/million/year.5 Of course, these factors may also be involved in corneal
perforation, but do not represent the sole cause. We believe that the influence of unilateral lacrimal duct disease on the
side of the corneal perforation was significant in all six cases of corneal perforation in this study.

In the case of corneal perforation, thorough examination of the perforated eye as well as the condition of the other eye
can provide insights into the factors that led to the perforation. In fact, five of the six patients with dry eye in our study
had SPK in the other eye, and one patient with rheumatoid arthritis showed thinning of the peripheral cornea in the
other eye.

Mixed infections with a predominance of Gram-positive bacteria are the most common cause of chronic
dacryocystitis.19 In this study, Gram-positive bacteria were detected in 5 of the 6 cases, and 3 of the 6 cases were
mixed infections, consistent with previous reports.
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Treatment-resistant corneal ulcers complicated by chronic dacryocystitis can reportedly be controlled after lacrimal
duct treatment,13 and early diagnosis and planning for early surgery are imperative in cases of lacrimal duct obstruction
in order to manage corneal infection.19 In this study, all 6 patients received treatments for both corneal perforation and
nasolacrimal duct disease, resulting in stabilization of the clinical condition, and no recurrence of corneal perforation has
been identified since then. These results indicate that treatment of lacrimal duct infections is important, even in cases of
corneal perforation, and may minimize corneal damage.

In lacrimal duct obstruction with dry eye, patients who have not been diagnosed with dry eye before surgery may
complain of persistent or more severe ocular discomfort after surgeries such as lacrimal tube intubation or
dacryocystorhinostomy.20,21 In such patients, surgical procedures such as dacryocystectomy and lacrimal canalicular
closure are good options, as they lead to a higher postoperative tear meniscus.22,23 In the present study, four patients
(Cases 1, 4, 5 and 6) underwent dacryocystectomy or lacrimal canalicular closure.

The fact that the lacrimal duct can be reopened even after treatment by obstruction (such as by closure of the lacrimal
punctum or dacryocystectomy) is very important, as observed in two of our patients (Cases 1 and 5). Therefore, even if
the lacrimal duct has been treated before, lacrimal duct examination is necessary to exclude lacrimal duct obstruction or
infection.

Finally, we have reported 6 cases of corneal perforation associated with nasolacrimal duct obstruction and infection.
Some important symptoms of nasolacrimal duct obstruction and infection, including epiphora and purulent discharge,
might be hidden by dry eye. Checking the condition of the other eye and lacrimal duct is essential to identify the causes
of corneal perforation. In particular, the lacrimal duct needs to be checked carefully, as reopening can occur even after
treatment to close the duct. In cases of associated lacrimal duct disease, the lacrimal duct should be treated concurrently
with treatment of the corneal perforation.

Abbreviations
SPK, superficial punctate keratopathy therapeutic; SCL, therapeutic soft contact lenses; MRSA, methicillin-resistant
Staphylococcus aureus; GVHD, graft-versus-host disease; LKP, lamellar keratoplasty.
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