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Introduction
The evaluation of the lacrimal drain-

age system can be divided into functional 
and anatomical tests. Functional tests are 
designed to assess tear flow under natural 
physiological conditions. The dye disap-
pearance test (DDT) is a classical example 
of this form of physiologic evaluation. Ana-
tomical or structural evaluations, on the 
other hand, can determine the level of lac-
rimal drainage system occlusion. 

The irrigation of the lacrimal drain-
age system is an anatomical test most fre-
quently performed after the DDT. The test 
is practical, convenient and essential in 
the diagnosis of nasolacrimal duct (NLD) 
obstruction.  The value of irrigation for 
assessment of NLD obstruction goes be-
yond confirming patency, however, with 
information such as resistance to syringing 
and canalicular reflux providing a potential 
measure of severity of the obstruction. 
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Consolaro1, Alberto Consolaro1

Abstract

Objective: To evaluate the changes in the number of Langerhans Cells (LC) observed in the epithelium of 
smokeless tobacco (SLT-induced) lesions. 
Methods: Microscopic sections from biopsies carried out in the buccal mucosa of twenty patients, who were 
chronic users of smokeless tobacco (SLT), were utilized. For the control group, twenty non-SLT users of SLT 
with normal mucosa were selected. The sections were studied with routine coloring and were immunostained 
for S-100, CD1a, Ki-67 and p63. These data were statistically analyzed by the Student’s t-test to investigate the 
differences in the expression of immune markers in normal mucosa and in SLT-induced leukoplakia lesions. 
Results: There was a significant difference in the immunolabeling of all markers between normal mucosa 
and SLT-induced lesions (p<0.001). The leukoplakia lesions in chronic SLT users demonstrated a significant 
increase in the number of Langerhans cells and in the absence of epithelial dysplasia. 
Conclusion: The increase in the number of these cells represents the initial stage of leukoplakia. 
Key words: Smokeless tobacco, leukoplakic lesions, cancer, langerhans cells, chewing tobacco.

Introduction

Among tobacco users, there is a false be-
lief that SLT is safe because it is not burned, 
which leads many people to quit cigarettes 
and start using SLT [1]. However, SLT con-
tains higher concentrations of nicotine than 
cigarettes and, in addition, nearly 30 carci-
nogenic substances, such as tobacco-specific 
N-nitrosamines (TSNA), which is formed 
during the aging process of the tobacco, [2-4] 
and which presents high carcinogenic poten-
tial. Moreover, because the tobacco has direct 

contact with the oral mucosa and creates a 
more alkaline environment, its products may 
even be more aggressive to tissue [5]. The 
percentage of SLT users is lower compared 
to cigarette users; however, usage is increasing 
among young individuals and it is therefore a 
significant and disturbing danger [6,7]. 

Initial studies on the effects of SLT on the 
oral mucosa demonstrated the formation of 
white lesions induced by chronic exposure to 
tobacco, characterized by epithelial thicken-
ing, increased vascularization, collagen altera-
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Purpose: To assess the value of irrigation around the silicone tubes after endoscopic dacryocystorhi-
nostomy (endo-DCR) for nasolacrimal obstruction and its correlation with symptoms and surgical 
outcome.
Methods: Retrospective chart review of 36 consecutive endoscopic dacryocystorhinostomies. De-
mographic information was recorded, including: age, gender, affected eye, and success of surgery. All 
patients had documented primary acquired nasolacrimal duct obstruction (PANDO) before surgery. 
Main Outcome Measures: Relation between irrigation of lower canaliculus around silicone tube at 
one week and three months post-endo-DCR and both clinical symptoms and surgical outcome.
Results: Strong correlation between the results of irrigation around the silicone tubes 3 months after 
endo-DCR and surgical outcome (p=0.0004). Statistical significance was also found between irriga-
tion around the silicone tubes 3 months after endo-DCR and symptoms at the same visit (p=0.009). 
Little to no evidence of a correlation between irrigation at 1 week and surgical outcome (p=0.567) and 
between irrigation at 1 week and symptoms during the same visit (p=0.5442).
Conclusions: Irrigation around the silicone tubes 3 months after endo-DCR seems to be a reliable in-
dicator of surgical outcome, and correlates well with symptoms. The same correlation cannot be made 
when the irrigation is done at 1 week.

Key words: Endoscopic dacryocystorhinostomy, Crawford tube, silicone tube, probe and irrigation, primary 
acquired nasolacrimal duct obstruction
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After the diagnosis of NLD obstruction is made, 
the treatment of choice in most patients is dacryocys-
torhinostomy (DCR), and the use of silicone tubes to 
secure an open ostium is an important part of this type 
of reconstruction. Once the tubes are placed, irrigation 
around them is a common postoperative practice. To 
the best of our knowledge, a correlation between irri-
gation around the silicone tube after DCR and clinical 
symptoms or surgical outcome has not been reported 
previously.

Materials and Methods
A retrospective chart review of 36 consecutive 

endo-DCRs with Crawford silicone tube ( Jedmed In-
strument Co., St Louis, MO, USA) placements was per-
formed. All patients had given informed consent prior 
to the inclusion of the study. All had documented PAN-
DO before surgery and irrigation, and probing was per-
formed in all 36 eyes. All were primary DCRs (reopera-
tions were excluded). All cases were performed under 
monitored intravenous sedation and local anesthesia. 

Firstly, the nasal cavity is packed with gauze soaked 
in 4% cocaine solution. The packing is removed af-
ter 5 min. Under direct visualization with a 0° or 30° 
rigid endoscope, local injection of 2% lidocaine with 
1:100,000 epinephrine mixed 50:50 with bupivacaine 
0.75% with 1:200,000 epinephrine is administered to 
the submucosa of the anterior middle turbinate, unci-
nate process, and lateral nasal wall. 

The nasal cavity is repacked for an additional 5 min 
with 4% cocaine-soaked gauze.

We prefer to gently infracture the turbinate with 
a blunt periosteal elevator under endoscopic visuali-
zation if the turbinate obstructs the view of the unci-
nate process.  The mucosa overlying the lacrimal fossa 
is then cauterized with a monopolar cautery set in the 
coagulation mode. A periosteal elevator is used next to 
scrape the mucosa from the underlying bone. Any re-
maining mucosa is removed with Takahashi forceps. A 
Kerrison bone rongeur is used to create an osteotomy. 
At this point the lacrimal sac can be identified. A sickle 
blade is used to open the lacrimal sac into anterior and 
posterior flaps. The posterior portion of the flap is then 
removed with Takahashi forceps. 

Next, a Jones dilator is used to dilate the upper and 
lower puncta. Crawford silicone tubes are inserted from 

the upper and lower puncta, and the free ends are tied 
within the nasal cavity. All procedures were performed 
by, or directly supervised by, one surgeon (GG). Pa-
tients were typically seen at 1 week, 4 weeks, 3 months, 
and 6 months postoperatively. 

During 1 week and 3 months postoperative visits, 
the presence or absence of epiphora was documented, 
with the irrigation around Crawford tubes being per-
formed. Correlations between irrigation results and 
clinical symptoms were tabulated. Irrigation around the 
Crawford tube involved flushing the lower canaliculus 
with 1 ml of normal saline using a 26-gauge cannula and 
3ml syringe. The examiner made a note of resistance 
to syringing and presence of upper canalicular reflux 
that was subjectively graded as less than 50% or 50% or 
greater. Only two grades were used to minimize subjec-
tive variation among patients: less than 50%, or 50% or 
more saline reflux. Clinical symptoms were document-
ed as better or no symptoms and the same or worse 
symptoms. Removal of Crawford tubes was performed 
at the 3 months visit regardless of the reflux status.

During the visit at 6 months, success of the surgery 
was determined by the patient’s lack of symptomatic 
epiphora (i.e., the patients were directly asked whether 
they had continued tearing) and/or infection. Failure 
was accepted as symptomatic epiphora and/or infec-
tion at long-term follow-up. 

Demographic information on all 36 cases was re-
corded, including age, gender, affected eye, and pres-
ence of concomitant ocular disease.  

The Fisher exact test was used to compare all cor-
relations. P values ≤ 0.05 (1-sided) were considered 
statistically significant.  The strength of association was 
also measured by an odds ratio, and confidence inter-
vals were used to indicate the reliability of the results.

Results
The study group included 36 eyes of 36 patients 

diagnosed as having PANDO. The average age of the 
patients was 66.3 years. 27 eyes were of females (75%). 
24 of the endoscopic DCR were performed on the left 
side (66.6%). Success of the surgery was determined 
by the patient’s lack of symptomatic epiphora and/or 
infection in 32 patients at the 6 months visit (88.8%). 

There was little to no evidence of an association 
between surgical outcome (successful endo-DCR) at 6 
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months and results of irrigation (no reflux) at 1 week 
post-endoscopic DCR (p = 0.567, odds ratio 1.22, 
95%-CI 0.15–8.798) (Table 1). 

Little to no evidence of an association was found be-
tween the results of irrigation at 1 week post-endo-DCR 
and patients’ reported symptoms at the same visit (p = 
0.544, odds ratio 1.18, 95%-CI 0.223–6.008) (Table 1).

A statistically significant correlation was found be-
tween the successful surgical outcome at the 6 months 
visit and the results of irrigation at 3 months post-en-
doscopic DCR: 33 cases (91%) without reflux (p = 
0.0004, odds ratio infinity, 95%-CI 3.31–infinity).  

There was no evidence that the results of irrigation 
at 1 week post-endo-DCR are associated with the re-
sults of irrigation after 3 months (p = 0.229, odds ratio 
2.096, 95%-CI 0.15–8.798) (Table 1). 

Finally, there was a strong association between re-
sults of irrigation 3 months post-endo-DCR and the pa-
tient’s reported symptoms at the same visit (p = 0.009, 
odds ratio 9.265, 95%-CI 1.35–112.16) (Table 1). 

Discussion
The standard surgery for the obstruction of a lac-

rimal tract is dacryocystorhinostomy in which the lac-
rimal sac is directly connected to the nose by either an 
external approach or endoscopic approach. McDonogh 
and Meiring were the first physicians who used endo-
scopes in transnasal dacryocystorhinostomy in 1989; 
since then it has become a popular and successful inter-
vention with some technical modifications [1]. Quick-
ert was the first to develop silicone stents to establish 
continuous flow to secure an open ostium [2]. Silicone 
tubes are non-irritative, flexible and suitable materials, 
which are safely used in DCR, but the ideal time to re-
move them after intraoperative placement is still con-
troversial [3-5]. 

Irrigation around the silicone tubes after DCR is a 
common procedure, which is theoretically used to eval-
uate possible surgical outcomes and to prevent mucosal 
occlusions. To the best of our knowledge, a correlation 

Correlation between 1 week 
and 3 months (p-value)

Correlation between 1 week 
and 6 months (p-value)

Correlation between 3 months 
and 6 months (p-value)

Surgical Outcome 0.229 0.567 0.0004

Symptoms - 0.544 0.009

Table 1: P-value of correlation between irrigation around the silicon tube of the lower canaliculus and the surgical outcome and symptoms.

between the postoperative results of irrigation around 
the tubes and the surgical and clinical outcomes has 
not been reported previously.  

Our results support the existence of an associa-
tion between irrigation around the Crawford tubes at 
3 months after endo-DCR and surgical outcome at the 
6 months visit. This relation was statistically significant 
(p=0.0004).  Moreover, during the 3 months visit, the 
results of the irrigation were statistically correlated with 
symptoms at the same visit (p=0.009). These findings 
suggest the use of irrigation around the silicone tube 
during the third postoperative month as a possible pre-
dictive tool for surgical outcome, but the value of such a 
tool cannot be established solely on retrospective data. 

The study also showed little to no relation between 
irrigation around the tubes at 1 week after endo-DCR 
and surgical outcome at the 6 months visit. Also, no sta-
tistical correlation between irrigation at 1 week post-
surgery and clinical symptoms was found during the 
same visit. A possible explanation for this observation 
will be the presence of post-operative inflammation, 
which can affect the results of irrigation during the first 
week after the surgery. It is well accepted that the pro-
cess of inflammation, mucosal healing, and fibrosis are 
generally completed within the first two postoperative 
months [6].

Our study also showed a higher number of affected 
females, which is consistent with previous reports of el-
derly females being more prone to developing PANDO 
in comparison with males. An anatomically narrower 
nasolacrimal duct had been proposed as a possible 
cause of this observation [7-9].

Although the results of this study suggest a statisti-
cally significant correlation between irrigation around 
the tubes at the 3 months visit and surgical outcomes 
and clinical symptoms, the results are a product of a 
nonrandomized retrospective observational study and, 
therefore, are subject to limitations. Large-scale prospec-
tive studies are needed to ascertain these associations.  
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