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Purpose: To evaluate the resolution rate of lacrimal sac massage and the efficacy of primary probing among different age groups of
patients with CNLDO in Thai population.
Patients and Methods: Retrospectively reviewed the medical records of patients younger than 10 years of age who had been
diagnosed with CNLDO, from January 1st, 2011, to October 31st, 2021. Patients were divided into two groups. The conservative
treatment group comprised patients who had received Crigler’s maneuver and topical antibiotic when indicated; the intervention group
comprised patients who had received probing.
Results: There were 469 patients in the conservative treatment group and 108 patients in the probing group. In the conservative
treatment group; the patients were categorized into five groups according to age: 0 to <6 months, 6 to <12 months, 12 to <18 months,
18 to <24 months, and ≥24 months. The resolution rates for these age groups were 99.25%, 96.23%, 64.71%, 50%, and 62.07%,
respectively. The rate of spontaneous resolution was significantly associated with patient age (p <0.01). In the intervention group; the
patients were categorized into four age groups according to age: 0 to <12 months, 12 to <24 months, 24 to <36 months, and ≥36
months. The success rates of primary probing for these age groups were 92.86%, 89.29%, 85.71%, and 94.12%, respectively. The
success rate of primary probing was not significantly associated with patient age (p >0.05).
Conclusion: The Crigler’s maneuver is a safe and highly effective procedure for the management of CNLDO in patients of multiple
ages, particularly patients less than 12 months of age. According to the high spontaneous resolution rate and the low rate of
complications, the clinicians may delay surgical intervention when desired.
Keywords: CNLDO, Crigler maneuver, lacrimal sac massage, probing, repeat probing

Introduction
Congenital nasolacrimal duct obstruction (CNLDO) is a common cause of epiphora in infants; its prevalence rate of 5%
to 20%,1,2 although only 2–6% of affected individuals will need intervention.3 The pathogenesis of CNLDO most
commonly involves an imperforate membrane at the distal end of the nasolacrimal duct (the valve of Hasner). However,
in some difficult cases, the pathogenesis may involve bony abnormalities and narrowing of the lacrimal drainage system.2

The clinical manifestations include epiphora, increased tear meniscus, the presence of mucopurulent discharge, and
crusting of the lashes. The fluorescein dye disappearance test is used to confirm a diagnosis of CNLDO; its sensitivity
and specificity are 100% and 85%, respectively.4

By 12 months of age, more than 90% of children respond to conservative treatment comprising lacrimal sac massage
and topical antibiotic when indicated. Because CNLDO has a high rate of resolution, early intervention might be
unnecessary.5–11 Resolution rates in the second year of life are not extensively characterized. Some authors have
suggested that delayed treatment could increase the rate of intervention failure,13 perhaps because of prolonged
inflammation and fibrosis in the lacrimal drainage system.3,5,6,14 However, some reports have found no age-related
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reductions in success rate.12,15,16 When conservative treatment does not lead to lacrimal duct opening, invasive
procedures for CNLDO (eg, probing, balloon dacryocystoplasty, and silicone intubation) are recommended.8

Probing of the nasolacrimal duct has been advocated as a first-line treatment because it is a highly effective and
uncomplicated surgical technique.8,12 However, the optimal timing for the probing procedure remains controversial. The
success rate of early probing in children younger than 24 months of age reportedly ranges from 70% to 97%.3,6,12,17

Benefits of early probing intervention include the prevention of complications such as acute dacryocystitis, periorbital
cellulitis, and inflammation around the ocular area; such intervention also helps children and caregivers to avoid the
burden of CNLDO symptoms.16,18 However, to balance these benefits with the procedural and general anesthesia risks, as
well as the high rate of spontaneous resolution in patients with uncomplicated cases, thorough discussions with
caregivers are necessary.

To our knowledge, there is minimal information concerning CNLDO treatment outcomes in Thailand. Thus, we
evaluated the resolution rate of lacrimal sac massage as conservative treatment for CNLDO; we also reported the efficacy
of primary probing as a therapeutic intervention among different age groups of patients with CNLDO.

Materials and Methods
This study protocol was approved by the Institutional Review Board of the Faculty of Medicine, Ramathibodi Hospital,
Mahidol University (approval No. MURA2021/965). The study was conducted in accordance with the tenets of the
Declaration of Helsinki. We retrospectively reviewed the electronic medical records of patients younger than 10 years of
age who had been diagnosed with CNLDO, at Ramathibodi Hospital, Mahidol University from January 1st, 2011, to
October 31st, 2021. The review board waived the requirement for consent due to the retrospective nature of the study All
the relevant data will not be disclosed to the public.

Patients
All enrolled patients exhibited CNLDO. The diagnosis was made based on a history of nasolacrimal duct obstruction
symptoms prior to 6 months of age, as well as the presence of at least one sign of CNLDO (eg, epiphora, increased tear
meniscus and mucopurulent discharge). The fluorescein dye disappearance test was used to confirm the diagnosis in
patients with suspected CNLDO.

Patients were excluded if they had been diagnosed with tearing associated with other conditions (eg, eyelid
malposition, primary congenital glaucoma, congenital fistula of the lacrimal sac, and any causes of ocular surface
irritation), had undergone previous intervention for CNLDO, or had incomplete records. Demographic data were
collected for all patients; these data included sex, age, comorbid diseases, duration of follow-up, epiphora laterality,
dacryocystitis status, preseptal cellulitis status, orbital cellulitis status, and the timing and number of surgical
interventions.

Patients were divided into two groups. The first group comprised patients who had received conservative treatment;
the second group comprised patients who had received probing intervention. Patients in the conservative treatment group
were recommended to perform 10 strokes of lacrimal sac compression by pressing the finger inward against the lacrimal
sac at the medial canthus for 2–3 seconds, four times per day using the Crigler maneuver;19,21 they also received topical
antibiotic treatment when there were evidences of mucopurulent discharge or conjunctivitis. Patients in probing group
received treatment as described in the next section.

Surgical Procedure
Patients received surgical treatment from two surgeons (AL and WW); all probing procedures were performed with the
patients under general anesthesia. The lower punctum was dilated using an appropriately sized punctum dilator.
A McIntyre lacrimal cannula was vertically inserted in the lower punctum and advanced in the ampulla; it was then
horizontally rotated into the lower canaliculus with lateral tension on the eyelid. When a hard stop was encountered,
approximately 8–10 mm from the punctum, the exposed part of the probe was rotated 90 degrees until the probe became
aligned parallel to the midline and above the patient’s brow, while maintaining contact between the probe and the
lacrimal bone. Subsequently, the probe was advanced inferiorly and slightly posterolaterally through the nasolacrimal
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duct (approximately 20 mm). Concurrently, a suction tube was placed in the same nostril; passage of fluid in the draining
suction tube was indicative of patency. We usually use the lower canaliculi of the affected eye in our probing procedure
except there was some difficulty with the lower canaliculi then we used the upper canaliculi. Combined treatment
comprising topical antibiotic with corticosteroid drops was administered for several days after probing. Parents were
recommended to return for follow-up within 1 month after probing procedure.

Outcome Measurement
In the conservative treatment group, the primary outcome was the presence of spontaneous resolution among different
age groups of patients with CNLDO. Spontaneous resolution was defined as the absence of symptoms and/or the absence
of signs of CNLDO. Failure was defined as the presence of persistent symptoms and/or signs of CNLDO (eg,
mucopurulent discharge and persistent epiphora) during the follow-up period or within 1 month after probing procedure.
The secondary outcome in the conservative treatment group was the age at the time of spontaneous resolution.

In the intervention group, we reported the success rate of primary probing procedure in different age groups. Defining
the success rate as the resolution of symptoms and/or signs of CNLDO after primary probing procedure.

For the patients with bilateral CNLDO; both eyes of the patients were enrolled to the study.

Statistical Analysis
Only one eye per patient was included into the analysis. In patients with bilateral CNLDO, the worst eye was selected.
Continuous variables with non-normal distributions are shown as medians and interquartile ranges. Patients in each
treatment group were divided into age-specific subgroups according to the age distribution of the data. The success rates
in the conservative treatment and the intervention groups are shown as numbers with percentages. The chi-squared test
and logistic regression analysis were used to compare successful outcomes among age groups. All results are shown with
95% confidence intervals and p-values. p <0.05 was considered to indicate statistical significance. All statistical analyses
were performed using Stata software (version 16, StataCorp LLC, College Station, TX, USA).

Results
Electronic medical records were reviewed for 1222 patients; of these, 533 were eligible for inclusion in this study. There
were 469 patients (255 boys and 214 girls) in the conservative treatment group. Forty-four patients (9.38%) did not
respond to conservative treatment (range from 1 week to 40 months). They consequently received probing. There were
108 patients (51 boys and 57 girls) in the intervention group, which included both patients undergoing primary probing
and patients who did not respond to conservative treatment (Figure 1). Sixty-four patients received initial probing due to

533 CNLDO patients

469 patients received 
conventional treatment

64 patients received 
initial probing

425 patients 
complete resolution

44 patients 
failed treatment

108 patients 
received probing

99 patients 
successful 1st probing

8 patients 
successful 2ndprobing

1 patient 
successful 3rd probing

Figure 1 Study algorithms in treatment of CNLDO.
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various surgical indications such as their care giver refuse to perform Crigler maneuver or present at the age over
one year.

In the conservative treatment group, the median age (interquartile range, min-max) of patients at presentation was 4
months (2–9 months, 1–50 months). Of 469 patients in the conservative treatment group, 425 (90.62%) had spontaneous
resolution after conservative treatment. Patients were categorized into five groups according to age at presentation: 0 to
<6 months, 6 to <12 months, 12 to <18 months, 18 to <24 months, and ≥24 months. The resolution rates for these age
groups were 99.25%, 96.23%, 64.71%, 50%, and 62.07%, respectively (Figure 2). The rate of resolution was signifi-
cantly associated with patient age (p < 0.001); it was not associated with patient sex (p = 0.261) or CNLDO laterality (p =
0.323). Patients in older age groups had significantly lower resolution rates than did patients aged 0 to <6 months
(Table 1). The median resolution times for the five age groups, calculated from the beginning of treatment until the
resolution of CNLDO, were 1.4 months (1–2.1 months), 3 months (1.8–4.2 months), 3.5 months (1.3–4.9 months), 1.8
months (1.3–3 months), and 2.8 months (1.6–3.9 months), respectively.

In the intervention group, the median patient age (interquartile range, min-max) was 19 months (13–30 months, 4–
110 months). These patients were categorized into four age groups according to age: 0 to <12 months, 12 to <24 months,
24 to <36 months, and ≥36 months. The success rates of primary probing for these age groups were 92.86%, 89.29%,
85.71%, and 94.12%, respectively (Figure 3). The success rate of primary probing was not significantly associated with
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Figure 2 Success rate of spontaneous resolution (%) among different age group.

Table 1 Results of Logistic Regression Analyses Assessing Factors Associated with the Success
of Conservative Treatment in Patients with Congenital Nasolacrimal Duct Obstruction

Factors Eyes
(N = 469)

Success
n (%)

OR (95% CI) P value

Age (months)
< 6 265 263 (99.25%) 1

6 - < 12 106 102 (96.23%) 0.19 (0.03–1.08) 0.060

12 - < 18 51 33 (64.71%) 0.01 (0.00–0.06) < 0.001
18 - < 24 18 9 (50%) 0.01 (0.00–0.04) < 0.001

≥ 24 29 18 (62.07%) 0.01 (0.00–0.06) < 0.001

Gender
Male 255 235 (92.16%) 1

Female 214 190 (88.79%) 0.71 (0.39–1.28) 0.261

Laterality
Unilateral 329 301 (91.49%) 1
Bilateral 140 124 (88.57%) 0.72 (0.38–1.38) 0.323
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patient age (p > 0.05), patient sex (p = 0.862), and CNLDO laterality (p = 0.574) as shown in Table 2. The first probing
procedure was successful in 99 patients (91.67%). Nine patients (8.33%) required another procedure because they did not
respond to the first intervention. The interval time from first intervention to second intervention range from 4 weeks to 31
months. After the second probing procedure, patency was achieved in 8/9 patients (one patient in the 0 to <12 months
group, six patients in the 12 to <24 months group, and one patient in the 24 to <36 months group); only one patient in the
24 to <36 months group required a third probing procedure.

Notably, acute dacryocystitis was presented in 0.37% of patients (2/533 patients), which were classified in the surgical
intervention group.

Discussion
CNLDO is a common lacrimal system disorder in children. The management of CNLDO remains controversial. Resolution
reportedly occurs in up to 90% of affected children by the age of 12 months.5–11,19,20 The Pediatric Eye Disease Investigator
Group found that 66% of infants aged 6 to 10 months exhibit CNLDO resolution within 6 months of initiating nonsurgical
treatment.21 Resolution rates in the second year of life have not been extensively reported. Sathiamoorthi et al reported that the
rate of resolution was highest in the first few months of life, then declined until 9 months of age and was stable thereafter; the
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Figure 3 Success rate of probing (%) among different age group.

Table 2 Results of Logistic Regression Analyses Assessing Factors Associated with the Success
of Primary Probing in Patients with Congenital Nasolacrimal Duct Obstruction

Factors Eyes
(N = 108)

Success
n (%)

OR (95% CI) P value

Age (months)
< 12 14 (12.96%) 13 (92.86%) 1

12 - < 24 56 (51.85%) 50 (89.29%) 0.64 0.692

24 - < 36 21 (19.44%) 20 (95.25%) 1.54 0.768
≥ 36 17 (15.74%) 16 (94.12%) 1.23 0.887

Gender
Male 51 (42.22%) 47 (92.16%) 1

Female 27 (52.78%) 52 (91.23%) 0.88 0.862

Laterality
Unilateral 75 (69.44%) 68 (90.67%) 1

Bilateral 33 (30.56%) 31 (93.94%) 1.32 0.574
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rate of resolution in patients aged 14 to 24 months ranged from 41.8% to 48.8%.5 Furthermore, Nakayama et al reported that
resolution of CNLDO occurred after the age of 12 months in 45% of Japanese infants.22 In our study, we found that the rate of
resolution depended on patient age; it was 96–99% during the first year of life, then dramatically decreased to 50%–64%,
similar to the findings by Sathiamoorthi et al and Nakayama et al. Our patients aged 12 to <18 months, 18 to <24 months, and
>24 months had significantly lower rates of resolution than did patients aged 0 to <6 months (p < 0.001). In the study by
Sathiamoorthi et al, male patients exhibited faster resolution than did female patients; unilateral obstructions resolved faster
than did bilateral obstructions.5 In another prospective study, the Pediatric Eye Disease Investigator Group reported that the
probability of treatment success was lower in eyes of patients with bilateral disease.12 However, a subsequent study by the
Pediatric Eye Disease Investigator Group reported no association of patient sex or obstruction laterality with resolution of
CNLDO in patients aged 6 to 10 months.21 In our study, the rate of CNLDO resolution did not depend on patient sex (p =
0.261) or disease laterality (p = 0.325); however, our findings may not be broadly generalizable because this study included
a smaller number of patients than did previous studies. Karti et al reported that the mean age of resolution was 6.8 ± 1.88
months among patients who regularly received effective lacrimal sac massage during the follow-up period.9 In our study, the
median (interquartile range) resolution age of the conservative treatment group was 4 months (2–9 months) for patients of all
ages, consistent with findings by Karti et al that the resolution of CNLDO tended to occur during the first year of life.

The optimal time for surgical treatment of CNLDO remains controversial. Because of the high efficacy of conservative
treatment, multiple studies have suggested that probing should be delayed until patients reach the age of 12–15months.5,11,13 The
surgical interventions available for treatment of CNLDO include probing, balloon dacryocystoplasty, and silicone intubation.8

However, probing is generally the preferred primary intervention because of its simplicity and safety, as well as its high success
rate.8,23,24 In previous studies, the success rate of probing intervention in patients less than 12 months of age ranged from 78% to
97%.12,25–27 In our study, the success rate of probing intervention among such patients was 92.86% (13/14 patients), similar to the
previous findings. Among the 14 patients who underwent early probing in our study, two had dacryocystitis; for the remaining 12
patients, the caregivers refused to perform theCriglermaneuver.Moreover, we determined the success rates of primary probing in
multiple age groups; these were 92.86%, 89.29%, 85.71%, and 94.12% in patients 0 to <12 months, 12 to <24 months, 24 to <36
months, and ≥36months, respectively (Figure 2). These results contrastedwith the findings in previous reports, which showed that
the success rate of probing intervention decreased with age.25,28 However, the number of patients in each group was insufficient
for our study to identify a significant relationship between age and the success rate of probing intervention. Such an investigation
would explain the high success rate of primary probing among patients older than 36 months (94.12%; 16/17 patients).
Nevertheless, this outcome may be insightful for clinicians who wish to perform probing as a primary surgical intervention for
patients older than 36months of age. Some studies also suggested that the success rate of probing intervention did not decrease in
older children.15,16 The Pediatric EyeDisease Investigator Group did not find that probing successwas associatedwith patient age
between 6 and <36 months.12 Some authors have reported that the success rate of probing intervention did not significantly
decrease until patients were at least 4 years of age.13,29,30 However, multiple studies have shown that patient age is correlatedwith
the success of primary nasolacrimal duct probing.3,25,31 Furthermore, the success rate of primary probing intervention forCNLDO
was significantly reducedwhen such treatment was performed in children aged ≥ 36months.24,28 Finally, Kashkouli et al reported
a significant reduction in the success rate of probing intervention after the age of 24 months.32 According to the success rate of
probing decreased significantly after the 2 years of age in previous report,32 We recommend patients who was failed with
conservative treatment underwent probing procedure by 1 year old and also patients in any age who frequently infection and
dacryocystitis. In our result, the patients who underwent probing after 2 years old due to the late presentation of the patients to the
hospital. These patients were immediate schedule for probing procedure. The high success rate of probing in patients older than 2
years old in our study confirm that even the patients older than 2 years old, the first intervention could be probing before
considering complex intervention as silicone intubation and balloon dacryocystoplasty.

To our knowledge, there have been few studies concerning repeat probing in patients who did not respond to previous probing
intervention. The success rate of repeat probing has ranged from 56% to 87%.2,3,6 Katowitz et al reported a 52% success rate for
repeat probing (13/25 patients) among patients aged 6–18 months and an 18% success rate for repeat probing (3/17 patients)
among patients aged 18–24 months.25 Additionally, Beato et al reported an 85.7% success rate for repeat probing (12/14 eyes),
similar to the success rate of repeat probing in our study (88%) (8/9 patients).However, fewer patients underwent repeat probing in
our study and the study by Beato et al, compared with the study by Katowitz et al.
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The most common and concerning complication associated with CNLDO is acute dacryocystitis.18,33 Ffooks reported
that the incidence of acute dacryocystitis as a complication of CNLDO was approximately 1.6% (7/440 patients).33 In our
study, acute dacryocystitis was present in 1.8% of patients (2/108) in the intervention group; it was not present in the
conservative treatment group. The low rates of complications was similar to Ffooks finding and might be related to the
use of a topical antibiotic protocol.

This study had a few notable strengths. First, it included large numbers of Asian patients in both conservative
treatment and intervention groups. Second, we reported the success rates in both groups among patients of various ages.
Third, the study included patients who underwent treatment from two experienced pediatric ophthalmologists, using the
same technique in a single surgical facility. Finally, we reported the success rate of repeat probing in patients who did not
respond to primary probing.

There were also a few limitations in this study. First, it had a retrospective design. Second, because our institute is
a tertiary referral hospital, most patients were referred from other hospitals. However, the findings in this study constitute
hospital-based data that may not be representative of most patients with CNLDO. Third, each age group included a small
number of patients (particularly the oldest patients in the intervention group), which hindered the statistical interpretation
of the probing intervention success rate among age groups.

Conclusion
Our findings indicate that the Crigler maneuver is a safe and highly effective procedure for the management of CNLDO
in patients of multiple ages, particularly patients less than 12 months of age; it might help such patients to avoid
unnecessary anesthesia risks related to surgical intervention. We encourage the use of probing as the primary surgical
intervention in patients with CNLDO, including patients older than 36 months of age especially in the naïve surgical
treatment patients, because the operation has a very high success rate15,31 (16/17 patients, 94.12%). The incidences of
serious complications such as acute dacryocystitis and preseptal cellulitis were very low because of the antibiotic
protocol; this protocol provided the necessary support for clinicians to delay surgical intervention when desired.
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