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Abstract 
Background: Dry eye syndrome, which affects 10% to 20% of adults, is a dis-
order of the tear film and is associated with symptoms of ocular discomfort. 
Smart Plug is a mechanical treatment in which the tear drainage system is 
blocked in order to aid in the preservation of natural tears on the ocular sur-
face. Purpose: To evaluate the long-term clinical efficacy of Smart Plug in the 
treatment of aqueous tear deficiency dry eye. Patients and Methods: Retros-
pective study. Three hundred and two patients with aqueous tear deficiency 
dry eye were enrolled and all the patients accepted the punctual plug of Smart 
plug from Jan. 2011 to Jan. 2016. The clinical symptoms, Schirmer’s I test, 
Fluorescein staining (FL), tear break up time (TBUT), and complications 
were observed and analyzed. Results: Three hundred and two patients (604 
eyes) were treated with Smart Plug (22 cases accepted upper and lower punc-
tual plug, 280 cases only lower punctual plug). There were 109 males (36.1%) 
and 193 females (63.9%) with a mean age of 44.54 years old (Range from 25 
to 83 years). Ten cases required the upper Smart Plug after lower punctual 
plug insertion because of no significantly improved symptoms. Smart plug 
was removed in 3 patients (1%) due to tearing. Six patients had mild post-
operative tearing and no special treatment was required. Lacrimal canaliculi-
tis occurred postoperatively in 8 cases (2.6%) (6 lower and 2 upper), and the af-
fected plug was removed and treated with topical antibiotic eye drops. The BUT, 
SIT and FL scores of all patients were significantly improved from (2.11 ± 1.01, 
4.20 ± 1.07, 6.06 ± 1.97) to (4.34 ± 1.22, 9.01 ± 1.56, 2.33 ± 1.28) respectively  
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after at least 36 months of follow-up (All P < 0.01). The subjective symptoms 
alleviated after treatment, and the difference was statistically significant (P < 
0.05). Conclusion: During a mean follow-up of 4.3 years, Smart plug is an 
effective method for the treatment of aqueous tear deficiency dry eye in spite 
of its postoperative complications such as canaliculitis and tearing. 
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1. Introduction 

Dry eye, which can be divided into two types: aqueous tear deficiency and eva-
porative dry eye, is the most common ocular surface disease in the world [1] [2]. 
Aqueous tear deficiency dry eye (ATD) is characterized by unstable tear film 
caused by the decrease of tear produce of lacrimal glands and the quality of 
aqueous tears, which can be divided into Sjögren’s syndrome and non Sjögren’s 
syndrome [3] [4]. ATD can cause eye symptoms such as irritation, foreign body 
feeling, fatigue and so on [4]. At present, artificial tears are the most widely used 
to relieve the symptoms of dry eyes [5]. However, excessive local eye drops are 
not only inconvenient, but also may damage the tear film and lead to drug ocu-
lar toxicity [2] [6]. Punctal occlusion is one of non-pharmacological therapy 
methods for dry eye syndrome insufficiently treated by other methods. By 
blocking the lacrimal dots, the naturally secreted tears can be retained in the 
eyes, thereby alleviating the symptoms of dry eyes [7] [8]. Various materials and 
plug designs can be used for temporary or semi-permanent packing [9] [10] 
[11]. A newer kind of a thermodynamic hydrophobic acryl polymer with several 
features that minimise the risk of complications, Smart Plug (Medennium, Ir-
vine, CA) has been used in clinical in the past few years [10] [12] [13]. Solid at 
room temperature and softening at body temperature, the Smart Plug can adjust 
itself to fit the canaliculus, with many advantages which include the lack of plug 
exposure or extrusion and the ease of removal by lacrimal irrigation. Several 
publications have demonstrated the efficacy of the SmartPlug in the treatment of 
dry eye syndrome [10] [11] [12] [13] [14]. However, there are few reports on the 
long-term effects of its clinical application. In this study, we used Smart Plug to 
manage ATD, and evaluate its long-term clinical efficacy and safety. 

2. Materials and Methods 

Patients with aqueous tear deficiency dry eye who were admitted to Joint Shan-
tou International Eye Center of Shantou University and The Chinese University 
of Hong Kong (JSIEC) in the outpatient department from January 2011 to Janu-
ary 2016 were selected. All eligible patients were enrolled after obtaining their 
written informed consent. The study was approved by the ethics committee of 
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JSIEC and all procedures are implemented in accordance with the principles of 
the Helsinki declaration. 

2.1. Participants 

The subjects of this study were 302 patients (604 eyes) with aqueous tear defi-
ciency dry eye in the outpatient department. 

Inclusion criteria: 1) all patients presented more than two kinds of symptoms 
of conscious discomfort, such as dry eyes, red eyes, photophobia, foreign body 
sensation, itching, burning sensation, sticky secretion, blurred vision (improve-
ment after blinking), visual fatigue, etc.; 2) examination: tear secretion test 
(Schirmer I test, SIT) < 10 mm/5 min; 3) tear film break up time (TBUT) < 10 s; 
4) corneal fluorescein staining (FL) score > 2; 5) patients require the insertion of 
lacrimal canaliculus plug whose symptoms cannot be completely relieved using 
artificial tears more than 3 times daily [14]. 

Exclusion criteria: 
All patients were excluded from lacrimal duct disease, active ocular surface in-

flammation, refractive corneal surgery and other obvious eye diseases. 

2.2. Methods 

1) The lacrimal duct was rinsed preoperatively to make sure the lacrimal duct 
was unobstructed. Topical anesthesia was performed 2 to 3 times with propara-
caine hydrochloride eye drops (s.a. ALCON-COUVREUR n.v). Expose tear 
spots and expand them if necessary. The Smart Plug was vertically inserted into 
the lacrimal puncture using microscopic tweezers. When about 2/3 of it enter 
lacrimal canaliculi, the Smart Plug was shortened and distended and completely 
retracted into the lacrimal tubule under the action of body temperature. 

2) All patients included in this study were followed up 7 days, 1 month, 3 
months, 6 months, 12 months and 36 months after surgery. The results of the 
last review are used to count the results. Routine inspections include: a) con-
junctival congestion, photophobia, dryness, burning, foreign body sensation, fa-
tigue, epiphora and other conditions were recorded; b) Schirmer’s I Test (SIT): 
Bend the filter paper along the upper end mark and place it on the middle and 
outer 1/3 of the lower eyelid. Ask patients to close their eyes for 5 min, then take 
out the filter paper and record the wetting length of filter paper. c) BUT: One 
drop of fluorescein sodium was placed in the conjunctival sac and the patient 
was instructed to blink several times. The time from eye opening after the last 
blink to the first dry spot on the surface of the tear film stained with fluorescein 
was recorded as the measured value of BUT. Check three times and take the av-
erage result. d) FL standard for evaluation: Cornea is divided into 4 quadrants, 
each quadrant 0 - 3 points, a total of 0 - 12 points. 

Postoperative management 
Topical 0.1% sodium hyaluronate eye drops (Santen Pharmaceutical Co., Ltd.) 

was used 3 - 4 times a day postoperatively. If there is a lacrimal canaliculitis, re-
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move the punctual plug and topical use of 0.5% Levofloxacin eye drops (Santen 
Pharmaceutical Co., Ltd. Noto Plant) 4 times daily. 

2.3. Statistical Analysis 

SPSS 16.0 statistical software (version 2.12.12) was used for statistical analysis. 
The paired T test was used to compare the difference of patients before and after 
treatment, where p < 0.05 was considered to be statistically significant. 

3. Results 

Three hundred and two patients (604 eyes) were treated with Smart Plug (22 
cases accepted upper and lower punctual plug, 280 cases only lower punctual 
plug). There were 109 cases (218 eyes) in male and 193 cases (386 eyes) in fe-
male. The mean age is 44.54 ± 13.86 years old (from 25 to 83 years). Upper and 
lower lacrimal duct embolization was performed simultaneously in 12 severe 
cases and obtain satisfactory result. Ten cases required the upper Smart Plug af-
ter lower punctual plug because of no significantly improved symptoms. The 
symptoms of discomfort were significantly reduced after the reimplantation of 
upper punctual plug in all eyes 3 month later. Nine patients complained of tears 
after surgery. Smart plug were removed in 3 patients because of tearing, and no 
special treatment was required in the remain six patients. Lacrimal canaliculitis 
occurred postoperatively in 8 cases (6 lower and 2 upper) and the affected plug 
was removed and treated with topical antibiotic eye drops. Culture positive spe-
cimens were 7 of 8 (87.5%), with 4 of Streptococcus species (57.1%), 2 of Sta-
phylococcus species (28.5%), and 1 of Actinomyces (14.3%). 

In the median of 4.3 years (3 - 8 years) follow-up period, the difference was 
statistically significant in the scores of BUT, SIT and FL compared with preoper-
ative (P < 0.01) and the subjective symptoms of patients were reduced (Table 1). 

4. Discussion 

In addition to medication, blocking the drainage system of the lacrimal duct is 
the most common treatment for dry eye. It helps preserve any remaining natural 
tears, which by far have the best moisture and nutrient capacity on the surface of 
the eye. Our study showed that in the long-term Smart plug lacrimal canaliculi 
had a definite effect in the treatment of ATD with fewer complications. 

At present, the main treatment methods for dry eyes include artificial tears, 
immunosuppressive agents, lacrimal duct embolization, and submandibular 

 
Table 1. Comparison before and after treatment in patients with BUT, SIT and FL scores. 

 Before Treatment after treatment* p 

BUT 2.11 ± 1.01 4.34 ± 1.22 <0.01 

SIT 4.20 ± 1.07 9.01 ± 1.56 <0.01 

FL scores 6.06 ± 1.97 2.33 ± 1.28 <0.01 

*The last time follow-up. 
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gland transplantation, and so on [6] [15]. Artificial tears are mainly targeted at 
patients with mild to moderate dry eyes [16]. Although it can temporarily relieve 
the symptoms of patients with dry eyes, it still has many shortcomings: 1) Com-
pliance gradually declined in many patients because of the long and frequent 
administration; 2) Most of artificial tears contain preservatives, and frequent 
using over a long period of time can aggravate ocular surface damage; 3) Artifi-
cial tears do not have the antibacterial components in normal tears, such as the 
lysozyme, immunoglobulin and epidermal growth factor. These compounds can 
inhibit or kill pathogenic microorganisms, exert immune function, and initiate 
the normal growth and differentiation of ocular epithelium [17]; 4) Long-term 
frequent use of artificial tears will wash away the normal tear film, thus speeding 
up the evaporation of tears [18]. 

In recent years, more and more studies have been reported that the SmartPlug 
lacrimal tubule has achieved good efficacy in the treatment of ATD dry eyes [12] 
[14] [19]. The tear loss can be slowed down and the duration of the tear in the 
conjunctival sac can be prolonged by blocking the canaliculi and blocking the 
tear flow [7] [8] [11] [20]. Human tears contain growth factors, immunoglobu-
lin, and other ionic components that improve eye defense. The results of this 
study show, the scores of BUT, SIT and FL have been improved significantly 
compared with that of preoperative after at least 36 months follow up in the 
treatment of ATD with Smart plug. Satisfactory results were obtained because 
the lower tear river was significantly widened and patient’s subjective discomfort 
symptoms improved or disappeared. 

It was optional to conduct single lower, or combined upper and lower Smart 
Plug lacrimal canaliculi embolization according to the severity of the ATD. It is 
better to combine with the upper and lower smart-plug, and the effect of simple 
lower canaliculi plug is limited, especially in severe patients with SjÖgren’s syn-
drome. In our stduy, 10 patients performed the second Smart Plug because of no 
obvious symptomatic improvement, and the symptoms score of discomfort were 
significantly reduced in all eyes 3 month later. 

Lacrimal canaliculitis is usually a challenge in the long-term for both patients 
and clinicians [13]. Hill et al. [21] reported a 4.73% prevalence of canaliculitis 
per SmartPlug within an average follow-up time of 3 years. Klein-Theyer et al. 
[13] reported a higher prevalence of 16.6% per SmartPlug insertion occurred af-
ter a median of 4.7 years follow-up. They concluded that only long-term fol-
low-up periods, such as those up to 10.5 y as used in their study, can identify the 
majority of complications associated with smart plugs. In this study Lacrimal 
canaliculitis occurred postoperatively in 8 cases (2.6%) during a mean follow-up 
of 4.3 years. Most of them can be cured after the removal of lacrimal canaliculus 
emboli and local application of antibiotics. No canaliculotomy was necessary to 
cure the condition. In addition, no lacrimal duct granuloma was found in the at 
least 36 months follow-up. 

Our study was a retrospective, non-controlled clinical study, with a small 
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number of cases collected and different follow-up times. In the future, we need 
to expand the sample size and conduct multi-center, prospective and controlled 
clinical studies to obtain more scientific results. 

5. Conclusion 

In conclusion, this study shows that the Smart Plug lacrimal tubule is one of the 
most effective long-term methods in the treatment of ATD. Appropriate lacrim-
al duct embolization can be selected according to the severity of the disease. 
Considering the sale sample size of this study, a larger sample and multi-center 
clinical studies will be required to evaluate the comprehensive and accurate clin-
ical efficacy in the future. 
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