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Purpose: In various ophthalmic surgical procedures, 0.25% povidone-iodine (PI) solution is

used to prevent infections. This study examined the bacterial colonisation before and after

endoscopic nasolacrimal duct intubation irrigated with PI solution and investigated the

relationship between bacterial detection and surgical failure.

Methods: A retrospective study at Saitama Medical University Hospital. We enrolled 113

patients (33 men, 80 women) who underwent lacrimal intubation surgery between April 2016

and December 2018. Preoperatively, the lacrimal pathways were washed with normal saline

solution, which was subsequently cultured. The sites of obstruction in the lacrimal pathway

were endoscopically determined, perforated, and intubated. The tubes were afterward either

irrigated with 0.25% PI or normal saline every 2 weeks. After 8 weeks, a piece of the

removed lacrimal tube was cultured. We characterized the pre- and postoperative bacterial

cultures.

Results: We enrolled 54 and 52 patients in PI and saline groups (mean age: 69.1±9.2 and

73.2±7.2 years), respectively. In the PI group, Staphylococcus epidermidis was less fre-

quently detected postoperatively than preoperatively. S. oralis and Candida parapsilosis

were identified more often postoperatively (P=0.02, P=0.01, respectively). The PI group

had significantly lower bacterial detection rate than the saline group (P=0.01). However, the

surgical failure rates did not differ between groups. In surgical failure patients, the post-

operative rate of Pseudomonas aeruginosa was very high (75%).

Conclusion: PI reduces the bacterial detection rate but does not improve the surgical

success rate. P. aeruginosa is associated with an increased risk of surgical failure.

Keywords: nasolacrimal intubation, povidone-iodine, syringing, bacterial population,

lacrimal obstructive disease

Introduction
Obstruction or stenosis of the nasolacrimal system causes lacrimation, so generally,

either topical antibiotics or surgical treatment is chosen. Dacryocystorhinostomy

(DCR) restores the drainage of tears by bypassing a blockage in the nasolacrimal

duct through the creation of a bony ostium and is the primary treatment choice for

cases with primary acquired nasolacrimal duct obstruction. Silicone tube intubation

was first introduced by Keith1 who used the technique in patients with nasolacrimal

duct obstruction as an alternative to DCR. Since then silicone intubation has

become an established alternative treatment option. The reported success rate of

silicone tube intubation in patients with nasolacrimal duct stenosis ranges from 40%
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to 75%.2–6 The timing of the tube removal is reportedly

between 1 week and several years, with 2- to 6-months

post intubation being the most common removal period.6–8

Many hospitals prescribe antibiotic eye drops while the

silicone tube is retained, which carries the risk of creating

resistant bacteria. Additionally, patients with nasolacrimal

duct obstruction do not have normal conjunctival flora

because of chronic dacryocystitis9 and the long-term use

of antibiotics. In DCR surgery, it is reported that

Pseudomonas infection of the silicone tube is significantly

higher in cases with revision than in those without revi-

sion, but this is not the case in endoscopic nasolacrimal

duct intubation.10

Preoperative povidone-iodine (PI) solution is strongly

recommended to prevent bacterial endophthalmitis in cat-

aract surgery.11 Shimada et al reported that irrigating the

operative field with 0.25% PI during cataract surgery

resulted in a reduction of the bacterial detection rate to

0%.12 After this report, PI was included in various

ophthalmic surgical procedures.13–16 A meta-analysis of

non-ophthalmic surgical procedures revealed that PI sig-

nificantly reduces the postoperative infection rate in clean

but not in dirty or contaminated wounds.17 However, the

efficacy of PI after intubation surgery has not been

reported yet. In the present study, we retrospectively com-

pared bacterial cultures before and after endoscopic naso-

lacrimal duct intubation in patients irrigated with either

0.25% PI solution or normal saline solution.

Materials and Methods
This retrospective study was approved by the Ethical

Committee of Saitama Medical University Hospital

(18152.01, clinical trial number was UMIN000031981)

and was conducted in accordance with the provisions of

the Declaration of Helsinki. All subjects had given written

informed consent to the surgical procedure. The need for

additional informed consent apart from that for the surgi-

cal procedures was waived by the Ethical Committee of

Saitama Medical University because of the study’s retro-

spective design. Patient data was used only for this study

and patient confidentiality was preserved. The datasets

generated and/or analysed during the current study are

available only this study.

We enrolled 113 patients (33 men, 80 women) who under-

went lacrimal intubation surgery at Saitama Medical

University Hospital between April 2016 and December 2018.

All patients with a history of lacrimal surgery, trauma of the

eyelid, or hypersensitivity or allergic reactions to PI were

excluded. Additionally, patients affected by epiphora not

caused by a lacrimal obstructive disease, eg, patients with lid

position anomalies, eyelash anomalies, blepharitis, allergic

conjunctivitis, infectious conjunctivitis, conjunctivochalasis,

facial palsy, or punctal stenosis or obstruction were also

excluded.

The detailed procedure was as follows. First, all

patients underwent comprehensive ophthalmologic exam-

inations, including slit-lamp examinations. We excluded

all patients with no obstruction of the nasolacrimal system.

Second, using a 23GNakamura’s lacrimal washing single-

size needle® (Inami, Tokyo, Japan) filled with saline solution,

the lacrimal pathway was washed to determine whether it was

obstructed. The diagnosis of a lacrimal obstructive disease was

made when the saline solution did not reach the nasal cavity.

The epiphora severity was scored as follows:Munk score 0, no

watering; 1, occasional watering requiring dabbing less than

twice a day; 2, watering requiring dabbing 2–4 times a day; 3,

watering requiring dabbing 5–10 times a day; 4, watering

requiring dabbing more than 10 times a day or constant

watering.18 Other symptoms, such as irritation and foreign

body sensation, were scored using the ocular surface disease

index (OSDI). The OSDI provides a tool for the rapid assess-

ment of the symptoms of ocular irritation consistent with dry

eye disease and their impact on vision-related functions, scor-

ing from 0–100.19

Third, we performed lacrimal intubation surgery. Prior to

surgery, we washed the lacrimal pathway with normal saline

solution and cultured the reflux from the lacrimal pathway

(1st bacterial examination; preoperative). The lacrimal sur-

gery to perforate the obstruction using the lacrimal endo-

scope (Fibertech, Chiba, Japan) and to intubate the lacrimal

pathwaywas successful in all cases. The site of obstruction of

the lacrimal pathway was localized during this surgical pro-

cedure. For intubation, we used LACRIFAST® (Kaneka

Medical Products, Osaka, Japan) with a lacrimal tube.

Fourth, after the lacrimal surgery, patients were

assigned to the 0.25% PI solution group (PI group) or

the normal saline group (saline group) according to the

surgeon’s preference. Either PI or saline was used as an

irrigating solution to wash the lacrimal pathway. We syr-

inged the lacrimal pathway every 2 weeks to prevent

occlusion and lacrimal tube infection for 8 weeks. We

syringed with 5mL in both groups. All patients received

0.3% gatifloxacin and 0.1% fluorometholone topically four

times a day for 8 weeks.

Fifth, 8 weeks later, we removed the lacrimal tube after

syringed the lacrimal pathway. The extracted lacrimal tube
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was divided into three parts based on the distance from the

punctal portion: up to 20 mm (from the puncta to the

lacrimal sac), up to 40 mm (in the nasolacrimal duct),

and above 40 mm (in the nasal cavity) immediately after

removed lacrimal tube. We cultured the second piece (2nd

bacterial examinations; postoperative).

Finally, we evaluated the success of the procedure 3

months after the surgery. Surgical success was defined as

successful fluid irrigation of the lacrimal pathway without

reflux during this procedure. Surgical failure was estab-

lished by the absence of fluid in the nasal cavity during the

irrigation of the lacrimal pathway.

All statistical analyses were performed using the soft-

ware JMP version 11® (SAS Institute, Tokyo, Japan). All

data are expressed as means ± SD. The Mann–Whitney

U-test was applied for the comparison of Munk scores

between the PI group and the saline group. The unpaired

t-test was applied for the age between both groups. The

chi-square test was used for the comparison of sex and the

bacterial detection rate before and after surgery. Statistical

significance was set at P<0.05. Note that P-values smaller

than 0.001 are presented as P<0.001.

Results
A total of 113 patients were enrolled. Of these, 7 patients were

excluded (5 cases with hypersensitivity to or irritation by PI

and 1 case with lack of informed consent). Thus, 54 patients in

the PI group and 52 patients in the saline group were included

in this study. The mean ages of the study participants were

69.1±9.2 years in the PI group and 73.2±7.2 years in the saline

group. The mean age of the saline group was significantly

higher than that of the PI group (P=0.01). The sex distribution

of the groups was not statistically significantly different. The

obstruction sites in patients of the PI group and the saline

group were determined as the nasolacrimal duct in 43 and 39

patients, the common canaliculus in 8 and 12 patients, and the

superior canaliculus in 2 and 1 patients, respectively. One

patient of the PI group presented an obstruction of the inferior

canaliculus. The Munk and OSDI scores were not different

between the PI group (3.72±1.45 and 28.25±14.90, respec-

tively) and the saline group (3.46±1.50 and 20.63±10.33,

respectively; see Table 1).

Table 2 shows the pre- and postoperative detection of

bacterial species in the PI and the saline group. Importantly,

the rates of patients without detected bacteria were preopera-

tively similar for both groups. However, postoperatively, the

rate was significantly lower in the PI group than in the saline

group (PI, 14/54 vs saline, 4/52; p=0.01 in Table 2). In the PI

group, Staphylococcus epidermidis was less frequently

detected after surgery than before surgery (P = 0.02).

S. oralis andC. parapsilosiswere discovered postoperatively

more often than preoperatively (P=0.02 and P=0.01, respec-

tively). In the saline group, S. epidermidis was less frequent

after surgery than before surgery (P<0.01). S. oralis and

Corynebacterium species were identified more often post-

operatively than preoperatively (both P<0.01). The post-

operative bacterial detection rate was significantly lower in

the PI group than in the saline group (P=0.01).

Three months after surgery, surgical failure occurred in 3

and 4 patients of the PI and the saline group, respectively.

The frequencies of surgical failures did not differ between the

PI group (6%) and the saline group (8%, P=0.65). The mean

OSDI score in the surgical failure group was significantly

higher than that in the surgical success group in both the PI

and saline groups (both P<0.01). Between the PI and saline

groups, there were no differences in age, sex, and Munk

Table 1 Profile of the PI and the Saline Group

PI Group (n=54) Saline Group (n=52) P-value

Age 69.2±9.2 73.1±7.2 0.01†

Male/Female 10/44 18/34 0.06‡

Munk score 3.72±1.45 3.46±1.50 0.44§

OSDI score 28.25±14.90 20.63±10.33 0.13§

Site of the pbstruction 43

8

2

1

Nasolacrimal obstruction

Common canaliculus obstruction

Superior canaliculus obstruction

Inferior canaliculus obstruction

39

12

1

Nasolacrimal obstruction Common canaliculus obstruction

Superior canaliculus obstruction

Notes: †Unpaired t-test. ‡Chi-square test. §Mann–Whitney U-test.
Abbreviations: OSDI, ocular surface disease index; PI, povidone-iodine.
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score (Table 3). The profiles of the patients with surgical

failure are shown for the PI and saline groups in Table 4. In

patients with a surgical failure outcome, the postoperative

detection rate of Pseudomonas aeruginosa was very high

(75%) regardless of the group (PI group, 67%; saline

group, 100%).

We syringed the lacrimal pathway every 2 weeks and

recorded unwanted effects. Although no patient of the PI

group or the saline group felt ocular pain or experienced

conjunctival redness, 2 patients of the PI group felt a slight

throat irritation.

Discussion
In the present study, we showed that washing the lacrimal

pathway with PI solution reduces the detection rate of

bacteria but does not improve the surgical success rate

compared to saline solution. The detection rate of

S. epidermidis was reduced postoperatively in both the PI

group and the saline group. On the other hand, the detec-

tion rate of S. oralis was increased postoperatively in both

groups, and Corynebacterium species were more often

observed in the saline group, whereas C. parapsilosis

was more frequently identified in the PI group. The post-

operative detection of P. aeruginosa was associated with

a high risk of surgical failure.

Previous studies have suggested that postoperative infec-

tion and inflammation such as Pseudomonas infection,10 lacri-

mal scarring,20 and fibrosis due to prolonged silicone

intubation10,20 might be associated with result of nasolacrimal

surgery. An inflammation may either be caused by bacterial

contamination or by mechanical stress induced by the tube. It

was reported that silicone tube intubation does not induce

Table 2 Pre- and Postoperative Detection of Bacterial Species

PI Group (n=54) Saline Group (n=52) PI vs Saline

Pre (%) Post (%) Pre vs Post

P-value

Pre (%) Post (%) Pre vs Post

P-value

Pre

P-value

Post

P-value

Staphylococcus

epidermidis

11 (20%) 3 (6%) 0.02† 21 (40%) 5 (10%) <0.01† 0.02† 0.43

Staphylococcus

aureus

13 (24%) 6 (11%) 0.07 9 (17%) 3 (6%) 0.06 0.39 0.36

Staphylococcus oralis 0 5 (9%) 0.02† 0 10 (20%) <0.01† 0.14

Staphylococcus

intermedius

0 1 (2%) 0.32 1 (2%) 0 0.31 0.31 0.32

Corynebacterium

species

6 (11%) 13 (24%) 0.07 6 (12%) 21 (40%) <0.01† 0.94 0.07

Serratia marcescens 1 (11%) 1 (2%) 1.00 0 0 1.00 0.32 0.32

Enterococcus faecalis 0 1 (2%) 0.32 0 0 1.00 0.32

Pseudomonas

aeruginosa

2 (4%) 3 (6%) 0.65 0 1 (2%) 0.31 0.16 0.33

Candida parapsilosis 0 6 (11%) 0.01† 1 (2%) 1 (2%) 1.00 0.31 0.06

Aspergillus fumigatus 0 2 (4%) 0.15 0 1 (2%) 0.31 0.58

None detected 22 (41%) 14 (26%) 0.10 14 (27%) 4 (8%) 0.01† 0.13 0.01†

Notes: †PI was more effective compared to saline because the post-operative detection rate was significantly lower in PI group compared to saline group. The chi-square

test was used for the bacterial detection rate.

Abbreviations: PI, povidone-iodine; Post, postoperative; Pre, preoperative.

Table 3 Profile of the PI and Saline Groups 8 Weeks Postoperatively

PI Group (n=54) P-value Saline Group (n=52) P-value PI vs Saline

Success (n=51) Failure (n=3) Success (n=48) Failure (n=4) Success P-value

Age 69.2±9.5 69.7±0.6 0.71† 72.7±7.2 79.5±4.3 0.07† 0.04†

Male/Female 10/44 0/3 0.41‡ 18/34 0/4 0.15‡ 0.06‡

Munk score 0.2±0.4 4.0±0.5 0.17 0.1±0.3 1.0±0.5 0.29 0.57§

OSDI score 0.2±0.4 8.7±3.0 0.003 2.9±2.8 14.1±14.9 0.01 0.07§

Notes: †Unpaired t-test. ‡Chi-square test. §Mann–Whitney U-test.
Abbreviations: OSDI, ocular surface disease index; PI, povidone-iodine.
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significant histopathological changes of the lacrimal sac.21

Moreover, in chronic dacryocystitis patients, chronic inflam-

mation with fibrosis is the most commonly revealed histo-

pathological finding in biopsies of the lacrimal sac wall.22

For these reasons, we suggest that the most frequent cause of

postoperative lacrimal obstruction is not the tube itself but its

bacterial contamination.

In this study, S. epidermidis was less frequently detected

after than before surgery in both the PI and saline groups. The

detection rates of S. oralis and C. parapsilosis were increased

postoperatively in comparison to their preoperative rates, and

we suppose these bacteria are derived from the nasal cavity.

By contrast, Corynebacterium species were identified more

often after than before surgery but only in the saline group.We

assume that the topical gatifloxacin administration effectively

reduced a Staphylococcus epidermidis contamination but that

the Corynebacterium species were resistant to this drug. In

this study, all Corynebacterium species detected in tube sam-

ples were resistant to quinolone antibiotics. PI solution has the

advantage that it does not induce bacterial resistance.

In the present study, the P. aeruginosa detection rate was

high in the surgical failure group. In DCR surgery, it has been

reported that the Pseudomonas infection rate of silicone tubes

is significantly higher in cases with revision than in those

without revision.10 Moreover, isolation of P. aeruginosa

from silicone tube biofilms is associated with a high rate

(50%) of surgical failure.23 In in vitro experiments, only

S. aureus and P. aeruginosa formed after 12 weeks biofilms

on silicon tubes incubated in culture media with various

bacteria.24 We suggest that the formation of a biofilm is corre-

lated with surgical failure. In the current study, we prescribed

prophylactically antibiotic eye drops (0.3% gatifloxacin), but

all detected P. aeruginosa strains were resistant to gatifloxacin

in drug susceptibility tests. In the case of drug-resistant bac-

teria, PI might be helpful in preventing the formation of

a biofilm.

Several limitations of the present study should be noted.

First, the pre- and postoperative samples differed. The pre-

operative sample was acquired from the reflux discharge

representing the lacrimal pathway and the conjunctival sac,

whereas the postoperative sample consisted of the tube repre-

senting the bacteria of the nasolacrimal duct. Since the resi-

dent bacteria of these anatomical sites differ, we did not

strictly compare the same things, but it was reported that

there is a statistically significant similarity between isolates

from lacrimal and nasal/conjunctival samples in patients with

dacryocystitis and lacrimal obstruction.25,26 We tried to get

postoperative samples from the reflux discharge, but there was

no reflex all the cases after intubation surgery. Additionally, it

was difficult to collect a sample of the lacrimal mucosa or

lacrimal discharge during endoscopic surgery; hence, we cul-

tured the tube instead of the reflex discharge. Second, we did

not consider the side effects of PI affecting the lacrimal

mucosa. PI is more easily absorbed by the mucosa than the

skin, so PI administration might induce lacrimal mucosa

changes. However, we did see the lacrimal mucosa during

endoscopy, and we did not observe any changes after tube

removal. Anaphylaxis can occur when PI is used for mucosa

disinfection,27 but no cases of anaphylaxis related to its

ophthalmic use have been reported yet. If the mucosa is

exposed to PI for a long time, it can cause a chemical

burn.28 Therefore, we excluded all patients who described an

irritation or hypersensitivity to PI. Finally, this study only

validates the short-term effects of the lacrimal surgery proce-

dure. In a longer observation period, other factors might cause

surgery failure, so long-term studies are needed in the future.

Table 4 Profile of Patients with Surgical Failure in the PI and Saline Groups

PI Group (n=3) Saline Group (n=4)

Diagnosis 2

1

Nasolacrimal obstruction

Common canaliculus obstruction

3

1

Nasolacrimal obstruction

Common canaliculus obstruction

Failure/all cases (%) Failure/all cases (%)

Preoperative 1

1

1

Staphylococcus epidermidis

Staphylococcus aureus

None detected

1/11 (9%)

1/13 (8%)

2

1

1

Staphylococcus epidermidis

Corynebacterium species

None detected

2/21 (10%)

1/6 (17%)

Postoperative 2

1

Pseudomonas aeruginosa

Staphylococcus aureus

2/3 (67%)

1/6 (17%)

1

1

1

1

Pseudomonas aeruginosa

Staphylococcus epidermidis

Corynebacterium species

Candida parapsilosis

1/1 (100%)

1/5 (20%)

1/21 (5%)

1/7 (14%)

Abbreviation: PI, povidone-iodine.
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Conclusions
We demonstrate that compared to saline solution, 0.25%

PI solution reduces the detection rate of bacterial contam-

ination but does not improve the surgical success rate.

P. aeruginosa isolated from the silicone tube is associated

with an increased risk of surgical failure.

Abbreviations
DCR, dacryocystorhinostomy; PI, povidone-iodine.
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