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Abstract
Purpose To examine the clinical presentation, histopathological characteristics and surgical success of patients that
underwent Kelly punch punctoplasty.
Methods A retrospective consecutive case series of all patients diagnosed with punctal stenosis and referred to Kelly punch
punctoplasty and mini-monoka insertion between January 2017 and December 2017. The demographic, clinical and
prognosis parameters were retrieved and analyzed. Moreover, a histopathological examination was performed on the tissue
retrieved from the Kelly punch at the end of the procedure in order to evaluate the presence of muscle in the tissue, as well as
chronic inflammation.
Results The series was composed of 44 eyes of 28 patients. All patients’ complaints prior to surgery were epiphora: 18
patients had bilateral epiphora, 5 presented with right-eye epiphora and 5 with left-eye epiphora. The average Munk degree
of epiphora before surgery was 3 and at least 3 months after surgery 1.04 (matched pairs, p < 0.0001). Two patients
underwent the second punctoplasty. In haematoxylin and eosin staining, the Riolan muscle was not visible in the mucosal
layer in 40 specimens. In four specimens, the muscle was observed. A Masson's trichrome staining ensured that the Riolan
muscle existed only in those four specimens.
Discussion Kelly punch punctoplasty is a simple and minimally invasive procedure for punctal dilation with high functional
success rate. Moreover, in histopathological specimens, in all but four of the cases there was no muscle indicated. Intact
Riolan muscle enables the punctum to stay in the right circular shape and position, and the lacrimal pump to maintain its
pressure gradient.

Introduction

Punctal stenosis is a common reason for epiphora [1]. Many
aetiologies have been associated with acquired punctal
stenosis. These include involutional, infectious causes (such
as Actinomyces or Chlamydia trachomatis), autoimmune
and inflammatory conditions (such as dry eye, chronic
blepharitis, ectropion and graft-versus-host disease).

Moreover, several medications have been associated with
punctal stenosis, both topical and systemic. Common
medications causing punctual stenosis are 5-FU, Taxols and
topical glaucoma medications [2].

In 1851, Bowman was the first to describe the one-snip
punctoplasty [3]. Since then, different types of snip punc-
toplasty have been developed including one- to four-
direction snip punctoplasty [4, 5]. However, restenosis due
to the healing scar of the snip edges, and disruption of
canaliculus anatomy leading to pumping disturbances, have
been reported [2]. Therefore, it has been recommended to
add adjuvant treatments, such as mitomycin C [6], punctal
plug insertion and mini-monoka stents [7]. However, rest-
enosis remained a main concern [8]. Therefore, the search
for a promising solution for punctal stenosis continued.

In 1967, Hughs et al. reported their experience with the
use of a punch to perform posterior ampullectomy [9].
Almost 25 years later, Edelstein and Reiss introduced a
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special instrument named the Reiss punctal punch [10]. This
technique did not become popular. However, in 2011,
Carrim et al. suggested to use Kelly Descemet’s membrane
punch for punctoplasty, and since then this procedure
became more popular maybe due to availability of the Kelly
punch in most ophthalmology-operating rooms [11].

The lacrimal puncta are the two entry points from the
ocular surface to the lacrimal system. The lower lacrimal
punctum is a small opening, ~0.3 mm, at the medial aspect
of the lower eyelid, situated on a conical elevation called the
lacrimal papilla, and surrounded by a fibrous ring [12]. The
Riolan muscle and the dense fibrous tissue of the medial
eyelid margin insert into the lacrimal punctum and ampulla
of the lacrimal drainage system, and together they pull the
punctum medially and posteriorly [13]. In order to ensure a
proper function of the punctum, these organs should not be
severed during punctoplasty. It is not clear what tissue is
severed in snip punctoplasty since no tissue is retrieved for
biopsy. In Kelly punch punctoplasty, some of the tissue is
being removed, allowing us to evaluate it histologically.

Therefore, the purpose of this study was to examine the
clinical presentation, histopathological characteristics and
surgical success of patients that underwent Kelly punch
punctoplasty. To the best of our knowledge, this is the first
study that examines histopathological characteristics after
Kelly punch punctoplasty.

Methods

This is a retrospective consecutive case series looking at the
clinical and histopathological characteristics of patients that
underwent Kelly punch punctoplasty.

The study was approved by the local institutional review
board of Sheba Medical Center. All operations were per-
formed by a single surgeon (AP).

Patients

All patients (without excluding patients due to systemic
disease or medications) were diagnosed with punctal ste-
nosis, and referred to Kelly punch punctoplasty and mini-
monoka placement between January 2017 and December
2017.

The following parameters were retrieved from the med-
ical database and analyzed: patient demographics (gender
and age at diagnosis), medical history and medications,
main complaint, degree of epiphora (see below), best-
corrected visual acuity (BCVA) before and after the sur-
gery, surgical procedure, follow-up including medical
treatment after surgery, post-surgical degree of epiphora,
second procedure and restenosis. Snellen VA was converted
to log MAR value.

Moreover, a histopathological examination of the hae-
matoxylin and eosin (H&E) slides, as well as Masson tri-
chrome staining, were performed on the specimens retrieved
from the Kelly punch at the end of the procedure.

Assessment of epiphora

All patients were asked before the procedure and at least
3 months after the procedure to grade the degree of epiphora
on a typical day in each eye using the Munk scoring system:
0 for no epiphora, 1 for epiphora requiring dabbing with a
tissue less than twice daily, 2 for epiphora requiring dabbing
two to four times daily, 3 for epiphora requiring dabbing five
to ten times daily and 4 for epiphora requiring dabbing more
than ten times daily [14].

Kelly punch punctoplasty surgery

Punctoplasty was performed in all cases under local
anaesthesia with 2% Lidocaine, equally combined with
Marcaine adrenaline (1:100,000). The lower punctum site
was identified (in all cases in the study it could be identi-
fied) and enlarged circumferentially gently by a punctal
dilator. A Kelly Descemet’s membrane punch with a
1.0-mm-diameter head and a 0.75-mm-deep bite was then
inserted into the punctum, and a single punch of tissue was
removed from the posterior as well as from the lateral wall.
Haemostasis was achieved by compression with a cotton tip
applicator. A mini-monoka stent was then inserted into the
patent punctum. Postoperatively, all patients received
Dexamycin drops (Neomycin sulfate and Dexamethasone,
Teva Pharmaceutical Industries Ltd, Petach Tikva, Israel)
for 2 weeks (three times daily tapered down until cessation
at 2 weeks), and were under follow-up 2 weeks after sur-
gery, 1 and 3 months after surgery.

Statistical analysis

Quantitative variables were described as mean, range and
standard deviation. Categorical variables were described as
absolute and relative frequencies. A t-test analysis was
carried out in order to compare the degree of epiphora
before and after the procedure. The overall significance
level was set to an alpha of 0.05. Statistical analyses were
performed using JMP Statistical Discovery Software 7.0
(SAS Institute, Cary, NC, USA).

Results

The series was composed of 28 patients (8 males, 20
females) whose mean age at presentation was 64.25 years
(64.25 ± 25.2, range 30–86 years).
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Clinical characteristics

The past ocular history of all patients was negative for other
lacrimal system or eyelid surgeries, two patients had other
eye diseases (glaucoma) and no ectropion was reported on
clinical examination. Six patients (21.42%) used artificial
tears prior to surgery. Regarding systemic medical history,
five patients had diabetes mellitus, six patients had hyper-
tension, one patient had pancreas malignancy, one patient
was a smoker and no patient had rheumatologic disease. No
patient reported any muscle or connective tissue disease or
graft-versus-host disease. No patients received ocular che-
motherapy in the past or at the time of surgery.

All patients’ complaints before surgery were regarding
epiphora: 18 bilateral, 5 right-eye epiphora and 5 left-eye
epiphora. Ten of them also complained of bilateral ocular
irritation. The average Munk degree of epiphora before
surgery was 3 and at least 3 months after surgery was 1.04
(matched pairs, p < 0.0001). Mean BCVA before surgery of
the operated eye was 0.247.

Prognosis

The mean time from surgery to the first follow-up visit after
surgery was 25.28 days (25.28 ± 28.42, 6–158 days).

Patients were followed up for a mean time of
6.88 months (6.88 ± 5.03, 2.53–14.66).

At the end of follow-up, two patients (7.14%) had rest-
enosis and underwent second punctoplasty. One of them
had Riolan muscle in the histopathological exam of the
punctum. Eleven patients (39.28%) still had complaints of
low-degree epiphora, and were treated with lubrication or
Fluorometholone eye drops.

Mean BCVA after surgery of the operated eye was 0.238
(matched pairs, p= 0.670).

Histopathological results

Forty-four specimens of punctal tissue taken from the punch
punctoplasty were examined.

In H&E staining, the endocanalicular and marginal
punctal epithelium of all specimens showed stratified
squamous epithelium with goblet cells (Fig. 1a, b). The
submucosal layer revealed connective tissue with no sig-
nificant inflammation. The Riolan muscle was not visible in
the mucosal layer in 40 specimens (Fig. 1a). In four spe-
cimens, the muscle was observed (Fig. 1b). A Masson tri-
chrome staining was performed. This staining ensured that
the Riolan muscle existed in those four specimens (Fig. 2a,
b). Two of the patients with positive masson trichrome
staining on histology had good functional outcome and two
did not. In seven specimens, chronic inflammation cells
were found. No connective tissue for fibrosis were found.

Discussion

Kelly punch punctoplasty is a simple and less invasive
procedure than 1–4-snip punctoplasty. So far, there are only
two series summarizing the functional success of this pro-
cedure [15, 16]. However, none of them dealt with the
histological appearance.

Our series demonstrates a functional success for Kelly
punch punctoplasty, but moreover, it demonstrates for the
first time that the muscle of Riolan is not damaged in most
cases of Kelly punch punctoplasty.

Punctoplasty using the Kelly punch is performed pos-
teriorly and laterally. Two direction dilation creates a wide
enough opening. Punctoplasty is not created anteriorly in
order to avoid anterior displacement of the punctum. Also,
it is not performed medially to keep the punctum round
nasally, in order to decrease the chance for cheese wiring in
cases that the patient will need a silicone Crawford stenting
in the future [15, 16].

The anatomic structure, physiologic performance and
pumping mechanism of the lacrimal system are complex
and not fully understood. It was hypothesized that Riolan
muscle plays a major role in the closure of the lids and the
punctum. It probably initiates the sphincter type of closure
effected by the orbital portion of orbicularis muscle [17].
Moreover, it probably has a role in the positioning of the
punctum and in the pumping mechanism of the tears
flowing into the lacrimal sac through the canaliculis [17].

Hur et al. categorized punctal stenosis types based on
their macroscopic shape and performed a histopathological
analysis for 14 specimens obtained from a punctoplasty
procedure (three-snip operation) to assess the characteristics
of each stenotic punctal shape. They categorized four
shapes: membranous type, slit type, horseshoe type and
pinpoint type. They found that Riolan muscle was sig-
nificantly visible in four specimens (28.57%) immediately
beneath the mucosal layer, and in four specimens (28.57%)
few muscle fibres were observed, while in six specimens
(42.85%) no significant muscle fibres observed [18]. In our
series, in most cases the muscle was not seen and in only
four specimens (4.76%) muscle fibres were observed. This
finding suggests that Kelly punch punctoplasty is a con-
trolled procedure. We assume that Kelly punch puncto-
plasty creates a custom-sized specimen that does not violate
the muscle surrounding the punctum. Riolan muscle in its
medial part is ~0.85 mm [15] and the Kelly punch cut is
<0.75 mm. The circular muscle is not at the orifice of the
punctum, it is deeper to the squamous epithelium. There-
fore, the muscle will never be completely severed by the
Kelly punch-controlled size bite.

The presence of muscle in the specimen is variable
among patients. That could be explained either by histologic
changes such as hypertrophy of the epithelial antrum of the
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ampulla, fibrotic tissue or atrophic muscle fibres. Moreover,
the amount of tissue removed can vary due to the amount of
pressure applied by the surgeon on the tissue removed. Very
light pressure would excise a smaller than 0.75 mm of tis-
sue. If a small specimen is removed, the muscle might not
appear at all. The important rule is that the Riolan muscle
could not be completely severed by using the Kelly punch
as mentioned earlier.

In traditional snip punctoplasty, a cut through the edge of
the punctum is performed. Those cuts are not uniform and
are not controlled. Therefore, the canaliculus itself may be
damaged. Moreover, the bleeding and subsequent healing
may create fibrosis and therefore restenosis. In Kelly punch
punctoplasty, a controlled enlargement of the punctum is
done with less bleeding and probably less damage to the
canaliculus circular structure [15].

In histopathological specimens, in all but four of the
cases using Kelly punch punctoplasty, there is no sign for
muscle, while in snip punctoplasty, muscle fibres were
found in the specimen in 32.9% [18]. Intact Riolan muscle
enables the punctum to stay in the right circular shape and
position, therefore keeping the lacrimal pump intact.

Literature review shows superior success rates with Kelly
punch punctoplasty. Wong et al. reported 94% of anato-
mical success and 92% functional success [13]. Vahdani

et al. reported about 95% of anatomical success and 90%
functional success [16]. In our series, 92% of the patients
did not develop restenosis, therefor did not need surgery.
This series is the third series to support the superiority of
Kelly punch punctoplasty as a primary tool for the treatment
of punctual stenosis.

In our institution, before using the Kelly punch, we
dilated the puncta by a dilator, and then inserted a mini-
monoka stent. When shifting to the Kelly method, the
rationale was that the stent might be even more important
since we are not only dilating an existing opening, but we
are dilating by removing tissue, leaving the tissue to heal by
scarring. Doing so, we believed that keeping the opening by
stenting with mini-monoka would prevent it from adhering
in the wrong fashion. However, mini-monoka stenting
might not be required.

The drawbacks of this study are its retrospective nature
and the absence of a control group. Furthermore, larger,
controlled and prospective studies should be done in order
to examine this technique. We did not characterize the
morphology of the punctum since the specimens removed
from the punctum were not the sphincter at whole. Further
studies regarding the morphology of the punctum and the
role of Riolan muscle in pumping mechanism should be
performed. Also, we did not evaluate the procedure with

Fig. 2 A Masson trichrome
staining of specimen of the
punctum. a Slides without a
muscle: arrow—connective
tissue with no muscle (200 µm).
b Slide with a muscle: arrow—
connective tissue with muscle
(500 µm).

Fig. 1 Haematoxylin and eosin
staining of specimen of the
punctum. a Slide without a
muscle: asterisks—stratified
squamous epithelium with
goblet cells; arrow—connective
tissue with no muscle (200 µm).
b Slide with a muscle: asterisks
—stratified squamous
epithelium with goblet cells;
arrow—Riolan muscle
(500 µm).
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and without mini-monoka placement; further studies should
evaluate the benefit of using mini-monoka as part of this
procedure.

In conclusion, Kelly punch punctoplasty is a simple and
minimally invasive procedure with high functional success
rate. It is a controlled procedure with a lower chance of
damage to the canaliculus and the muscular structure. We
believe that Kelly punch punctoplasty with mini-monoka
placement is the best surgical procedure to treat isolated
punctual stenosis.

Summary

What was known before

● Punctal stenosis is a common reason for epiphora—in
2011, Carrim et al. suggested to use Kelly Descemet’s
membrane punch for punctoplasty, and since then this
procedure became more popular.

● It is not clear what tissue is severed in snip punctoplasty
since no tissue is retrieved for biopsy.

What this study adds

● Kelly punch punctoplasty is a simple and minimally
invasive procedure with high functional success rate.

● It is a controlled procedure with a lower chance of
damage to the canaliculus and the muscular structure.

● We believe that Kelly punch punctoplasty with mini-
monoka placement is the best surgical procedure to treat
isolated punctual stenosis.
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