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Purpose: To review and summarize the clinical features, 
presentations, diagnostic modalities and management of 
dacryolithiasis. 
Methods: A comprehensive PubMed search of all English 

articles on dacryolithiasis was reviewed. Although this review 
primarily relied on articles written in English, non-English-
language articles that had abstracts translated into English 
were also reviewed. Data reviewed included epidemiology, 
pathogenesis, appearance and composition, clinical features, 
presentations, diagnostic modalities, management of 
dacryolithiasis and the implications of incidental dacryoliths 
found during lacrimal surgery.
Results: Although an unknown proportion of dacryolithiasis 

cases may remain asymptomatic; epiphora, acute and/or 
recurrent dacryocystitis, punctal discharge, and localized 
swelling are the most common presenting features of 
dacryolithiasis. It may also present as partial nasolacrimal 
duct obstruction. Dacryoliths exhibit a variety in external 
appearances. While some minimally invasive techniques 
for the removal of dacryoliths have been described, 
dacryocystorhinostomy with removal of the dacryoliths 
remain the most effective treatment in cases of symptomatic 
dacryolithiasis. The expression and production of certain 
proteins and peptides, namely those of the trifoil factor family 
play a significant role in the pathogenesis of dacryoliths.
Conclusions: The management of dacryolithiasis is driven 

by the goal of resolution of secondary obstruction and/or 
inflammation. Although a large number of dacryoliths are 
incidentally found during dacryocystorhinostomy, certain 
clinical features such as unilateral sac distension, particularly 
those with a palpable firm medial canthal mass, might lead one to 
have a high index of suspicion. It remains unclear if the incidental 
finding of a dacryolith during a dacryocystorhinostomy has a 
favorable prognostic value.

(Ophthal Plast Reconstr Surg 2016;XX:00–00)

First described by Cesoin in 1670, dacryoliths are concretions 
formed in the lacrimal sac and duct.1 These concretions may 

be found throughout the lacrimal drainage system and more 
rarely in the lacrimal gland and associated ductules.2–8 Those 
found in the lacrimal drainage system can be generalized into 
2 categories: infectious canalicular stones and noninfectious 
lacrimal sac/duct stones.9 Noninfectious stones in the lacrimal 
drainage system have been called several names, including 
“dacryoliths,” “canaliculith,” and “mucoliths.” More recently, 
Perry et al.10 have proposed renaming noninfectious dacryo-
liths to “mucopeptide concretions” as more is becoming known 
about their composition and structure.

Canalicular concretions have historically been investi-
gated more than lacrimal sac concretions due to their associa-
tion with canaliculitis, most commonly caused by Actinomyces, 
a Gram-positive rod-shaped organism and also because of the 
accessibility of the canaliculus to being examined.11–13 For the 
sake of brevity, canalicular infections, concretions and canalicu-
litis will not be included in the discussion in this review article. 
Symptoms of canaliculitis commonly reported in the litera-
ture include epiphora, chronic conjunctivitis, swelling over the 
medial canthus, a “pouted” or everted punctum, and purulent 
discharge.11,14,15 Although concretions in the lacrimal sac and 
duct can produce similar symptoms, especially when they cause 
obstruction, many are found incidentally during dacryocystorhi-
nostomy (DCR) and thus have not been as fully explored. Many 
recent studies have better categorized the composition, theories 
on pathophysiology, and their relation to DCR and prognostic 
factors. Therefore, in this communication, the authors present a 
review of literature on such latest advances.

EPIDEMIOLOGY
Lacrimal obstruction is a common problem, constituting 3% of 
all ophthalmology clinic visits.16 The overall incidence of dacryo-
liths is difficult to assess as studies thus far have only examined 
patients with symptoms requiring the need for DCR.17 In fact, the 
presence of a dacryolith cannot be definitively concluded unless 
a DCR with direct visualization is done. Even certain imaging 
modalities, such as a dacryocystogram or CT, can only iden-
tify a mass but not necessarily characterize it.17 There are a few 
reports when a dacryolith was diagnosed without DCR, however 
these few instances were discovered after the patient passed an 
intact stone, sometimes in the shape of the lacrimal duct and sac, 
although these are quite rare and unlikely to add to incidence DOI: 10.1097/IOP.0000000000000769
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Precis: Dacryolithiasis is often seen incidentally while performing 
dacryocystorhinostomy for nasolacrimal duct obstruction. Apart 
from the clinical implication of such incidental dacryoliths, this 
review studies the epidemiology, pathogenesis, clinical implications, 
management, and outcomes of dacryolithiasis.
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rates.18,19 These confounding factors make it difficult to assess the 
true incidence of dacryolithiasis in the general population.

The reported incidence of dacryoliths in all DCR proce-
dures ranges from 5.7% to 18%.5,9,17,20–24 One study found dac-
ryoliths only in primary acquired nasolacrimal duct obstruction 
(PANDO), but not in any other indication for DCR.17 One report 
found a greater incidence of dacryoliths in patients with prior 
trauma.25 Marthin et al.26 published their findings tabulated from 
a retrospective review of all pathology reports from 1910 to 1999 
that described any lesion of the lacrimal drainage system in the files 
of the Eye Pathology Institute, University of Copenhagen. From a 
total of 643 lesions that were collected, dacryocystitis was the most 
frequent lesion, constituting 508 cases (79%) and the second most 
common lesion was dacryolithiasis (62 cases; 7.9%). However, this 
reflects the percentage of dacryolithiasis from only the cases in 
which a specimen was sent and not all lacrimal surgeries.

A female preponderance for dacryoliths has also been 
challenged in recent studies. Although most studies reflect that 
females form a majority among patients undergoing DCR for 
PANDO,9,17,21,22,24,27 it is less clear if these studies produce more 
women than men with dacryoliths due to selection bias.27 When 
comparing patients with dacryoliths to those without, research-
ers found no statistical difference in female incidences.24,27 
Paulsen et al.28 found a near equal gender distribution (male 
11:9), while Yazici et al.17 found more women overall with 
PANDO, but only 33% of these women had dacryoliths. Further 
analysis showed that the male gender was in fact more statisti-
cally likely to have dacryoliths (p = 0.004). Linberg’s29 response 
to these results pointed out that conflicting gender ratios for 
PANDO and dacryoliths might weaken their association.

Lee-Wing and Ashenhurst30 reported that in their clini-
copathologic analysis of 202 lacrimal sac biopsies that were 
obtained during 202 DCR procedures in 166 patients, dacryoliths 
were found in 8 patients (5%), and the mean age of this group was 
52.5 years (range, 22–73 years). In the series by Yazici et al.,17 the 
average age of patients with dacryoliths at DCR was 59.3 years; 
among those without calculi, the average age was 64.9 years. 
Andreou and Rose27 reported that the mean age of patients with 
dacryolithiasis in their study was comparable with the mean age 
of patients of nasolacrimal duct obstruction (NLDO) without 
dacryolithiasis. While currently available literature indicates that 
the average patient with dacryolithiasis is most commonly in the 
sixth decade of life, there does not appear to be any statistically 
significant difference between the average age of patients with 
and without dacryoliths at lacrimal surgery.9 Therefore, there is 
not enough evidence to substantiate the previously held belief that 
dacryoliths tend to occur in younger patients.31

Smoking has long been associated with dacryoliths, first 
reported by Jones22 in 1965 when he found 70% of patients with 
dacryoliths to be moderate to heavy smokers. It is unclear if 
this high association is a reflection of all patients with nasolac-
rimal obstruction, or more simply a prevalence of smoking in 
the population. Repp et al.9 found that in their cohort, 9 of 21 
(42.9%) patients with dacryoliths had a history of smoking. It is 
important to note that the sample size here was very small and 
the numbers were not compared with a control group undergo-
ing DCR. One study did find a higher prevalence for smoking in 
a dacryolith group compared with a group without dacryoliths 
undergoing DCR, although it did not reach significance (25% to 
8%; p = 0.09).17 A possible limitation may be that the duration 
or amount of smoking was not quantified. While it is difficult 
to determine the association between smoking and dacryoliths, 
Repp et al.9 astutely pointed out that tear film composition may 
be a link between the 2, as lower tear lysozyme level was found 
in both chronic smokers and in patients with dacryoliths.32,33

PATHOGENESIS
Although more is becoming known about the composition of 
dacryoliths, the pathogenesis of its formation is still unclear. 
In response to Yazici et al.’s17 findings showing a greater male 
preponderance in dacryoliths despite a higher female incidence 
overall in PANDO, Linberg29 called to question any causal rela-
tionship between dacryoliths and PANDO. Linberg29 pointed 
out the greater frequency in association between dacryoliths and 
partial or incomplete closure of the lacrimal passage compared 
with complete closure likely discounts debris accumulation 
with subsequent dacryolith formation as a simple cause-effect 
mechanism.22,28 Indeed, the unlikelihood of complete closure as 
the main cause of dacryoliths is evidenced by instances of spon-
taneous stone passage.18,19

While a relationship between nasolacrimal obstruction 
and dacryolith pathogenesis cannot be clearly defined, there are 
many findings that suggest some form of obstruction has a role 
in formation. Several studies have shown an increased incidence 
of partial obstruction in patients with dacryoliths compared with 
those without dacryoliths.17,20,22,28 Yazici et al.17 and Paulsen et al.28 
found that dacryoliths were found only in patients with PANDO. 
Paulsen et al.34 described the pathophysiology of PANDO from 
findings of several studies,35–37 saying that descending inflamma-
tion from the eye or ascending inflammation from the nose leads 
to fibrous remodeling of the helical arrangement of connective 
tissue fibers, loss of specialized blood vessels in the subepithelial 
cavernous body, and epithelial metaplasia of the mucous mem-
brane in a confined area. This leads to a nonfunctioning segment 
in the lacrimal passage that is clinically seen on irrigating and 
does not transport tear fluid. The newly formed epithelial meta-
plasia leads to a slow loss of goblet cells and columnar epithelial 
cells as well as formation of a noncornifying squamous epithe-
lium, leading to an alteration in mucin and trefoil factor fam-
ily (TFF) peptide production. Trefoil factor family comprises a 
group of small peptides which are highly expressed in tissues 
containing mucus-producing cells and are crucial for epithelial 
restitution and may work via other pathways than the conven-
tional factors involved in mucosal protection and repair.38

A pertinent outcome of immunohistochemistry studies 
in dacryolithiasis is the strong staining of TFF peptides imply-
ing upregulation of TFF peptides in dacryolithiasis.28 Real-time 
polymerase chain reaction and immunohistochemistry showed 
expression and production of all three TFF peptides, whereas in 
the healthy situation only TFF1 and TFF3 were expressed and pro-
duced, indicating that induction of TFF2 occurs in dacryolithiasis. 
Further analysis by real-time polymerase chain reaction revealed 
increased expression levels of TFF1 and TFF3.28 Therefore, TFF2 
appears to be induced in dacryolithiasis, whereas TFF1 and TFF3 
are augmented. Interestingly, in the setting of hepatolithiasis, a 
similar finding has been noted where all 3 TFF peptide levels 
were found to be increased in the biliary tract.39

Paulsen et al.28 found 1 dacryolith in their study that did 
not stain for any of the antibodies or contain any epithelial cell 
debris but still maintained the same amorphous core as the other 
samples. The authors on the basis of their study have postulated 
that dacryolithogenesis may first start with an alteration in tear 
fluid dynamics, which leads to formation of uncharacterized 
amorphous material. This material then initiates an epithelial 
reaction that leads to increased mucins and TFF peptides and 
immigration of granulocytes and antimicrobial substances. 
Although speculative, there does appear to be evidence of tear 
composition playing a role in dacryolith formation. Other fac-
tors hypothesized to have a possible role include prior inflam-
mation of the nasolacrimal duct, allergies, fungal colonization, 
and changes in the hormonal status.
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Lew et al.33 compared the tear constituents of patients 
with PANDO and dacryoliths to patients with PANDO but 
without dacryoliths. This prospective study showed that, com-
pared with patients without dacryoliths, patients with dacryo-
liths had a tear composition with decreased lysozyme levels, 
decreased K+ concentration, decreased overall protein levels, 
but no difference in Ca2+ levels. Both groups had a higher tear 
pH compared with healthy controls.40 The authors note that low 
lysozyme levels may affect proteolysis and create a permissive 
environment for dacryolith formation due to the aggregation 
of organic substances, coupled with electrolyte instability and 
crystal formation in a more alkaline environment.

Many studies have looked to find a link between dacryo-
liths and infection but there have been mixed outcomes.23,41,42 Two 
studies found no fungi in their samples,20,22 while others found 
only isolated fungi in a small percentage of specimens.9,17,28

There are reports that have shown an eyelash as a possi-
ble nidus,5–7,43 a grass seed,44 long-term mascara use,45 and even 
from epinephrine metabolites from glaucoma treatment.46,47 
Further research is needed to understand what role these foreign 
materials played in the course of the dacryolith development, 
however.

Piaton et al.48 have hypothesized that anatomical abnor-
malities of the valve of Hasner could play a role in the devel-
opment of dacryolithiasis. In their series of 797 surgeries 
performed for epiphora (including 150 meatotomies at the valve 
of Hasner), they reported that anatomical abnormalities of the 
valve of Hasner seen during preoperative endoscopy and muco-
purulent discharge at the valve were predictors of the presence 
of dacryolithiasis.

APPEARANCE AND COMPOSITION
Dacryoliths have been described in the literature with a variety 
of macroscopic appearances. In color, they range from black in 
the case of epinephrine dacryoliths,44,47 which classically develop 
in association with chronic epinephrine application as a histori-
cal glaucoma therapy, to yellowish or light brownish in color.44 
Clinically appreciable dacryoliths are described as ranging in size 
from 3 mm to a maximum length of 2.9 cm28 and a maximal width 
of 9 mm44 in some case series. They commonly take the shape of 
the lacrimal sac or the nasolacrimal duct in which they arise, with 
roughened ridges and notches from the ductal mucosa.24,44 One 
series additionally differentiates between macroscopic appear-
ances of dacryoliths found in the lacrimal sac versus in the cana-
liculus, the former appearing doughy, pliable, and putty-like and 
the latter appearing irregular, granular, and friable.10

The majority of dacryoliths analyzed in the literature have 
been found to be primarily composed of organic substances.10 
In one case study, analysis demonstrated high proportions of 
phosphate and urate.19 The authors of this case speculated that 
phosphate from an intracellular source and urate from genetic 
material breakdown might imply a chronic process of cell 
turnover contributing to growth of the stone. In cases wherein 
stone development is suspected to be secondary to chronic epi-
nephrine therapy, stones are predictably found to be composed 
largely of epinephrine.46,47 However, in the majority of studies, 
wherein the development of dacryoliths is idiopathic, dacryo-
liths are commonly described on histopathology as consisting 
of lobes and lobules built on an amorphous eosinophilic hyaline 
core material.28,46,49 A chemical and mineralogical analysis of 86 
dacryoliths by Komínek et al.44 found them to be almost exclu-
sively composed of organic material, including proteins and 
mucoproteins. In an earlier histopathologic study, Perry et al.10 
evaluated 30 lacrimal drainage system concretions removed 
from the lacrimal sac and canaliculi and found significant 

calcium or stone-like density to be absent from all samples, with 
negative calcium and iron stains at the surface and in the middle 
of the concretions.

The authors go on to propose that concretions removed 
from the lacrimal sac and canaliculi be alternatively referred 
to as mucopeptide and bacterial concretions, respectively, as 
terms more accurately describing their histomorphologic, histo-
chemical, and microbiologic characteristics than the traditional 
terms “dacryolith” and “canaliculith.” The composition of the 
concretions examined were also strongly correlated with loca-
tion, where mucopeptide concretions largely devoid of cells 
were found exclusively within the lacrimal sac and more het-
erogeneous and cellular concretions with internal meshworks 
of filamentous were found predominantly in the canaliculi. 
Similar findings have been described in other studies, where 
fungal hyphae and yeast-like structures are seen in portions of 
analyzed samples in contrast to those comprised only of amor-
phous material.28,48,50 The strong correlation of mucopeptide ver-
sus bacterial character with location may imply a difference in 
mechanisms of formation of concretions found in the lacrimal 
sac versus the canaliculi. Perry et al.10 proposed that mucopep-
tide concretions may be primary precipitants, with only periph-
eral incidental organisms found on histopathology, whereas 
bacterial concretions may arise from a process incited by infec-
tion. Many studies identify Actinomyces as a common isolate, 
possibly providing further support for a shared infectious origin 
of bacterial concretions that is differentiable from the pathogen-
esis of mucopeptide concretions.10,11,14,51–53

In contrast to the findings described above, other published 
cases have described dacryoliths composed largely of inorganic 
material. In one case report, x-ray fluorescence spectrometry 
determined the main nature of the analyzed dacryolith to be 
inorganic and composed of calcium, potassium, iron, titanium, 
and magnesium with their oxidized forms.50 The authors have 
hypothesized that a rural environment and chronic soil exposure 
may have contributed to the formation and particular composi-
tion of the analyzed dacryolith. In addition, a case report of a 
patient diagnosed with dacryolithiasis by CT scan described the 
lacrimal sac mass as having a “rice kernel” appearance, with a 
peripheral rim of calcification,51 suggesting deposition of higher 
molecular weight inorganic material. It is possible then that some 
dacryoliths undergo a secondary calcification process.54

The variable macroscopic and histological appearance of 
dacryoliths points to the heterogeneity of their origin and com-
position. However, they share clinical significance as potential 
causes or exacerbating factors of NLDO and inflammation of 
nasolacrimal structures.

CLINICAL PRESENTATION
Classically, dacryoliths become symptomatic when they 
obstruct the nasolacrimal duct system. This can produce a vari-
ety of symptoms including, most commonly epiphora,9,27,30,44,52,55 
acute,27 and in some cases recurrent19,28 episodes of dacryocysti-
tis with mucoid punctal discharge, medial canthal swelling, and 
sometimes a palpable firm mass.46 Uncommonly, dacryoliths 
have also been associated with recurrent conjunctivitis9 and 
maxillary sinusitis.28

Of the clinical characteristics associated with NLDO, 
certain presentations have been suggested to appear more com-
monly in cases of underlying dacryoliths. In a study comparing 
12 patients found to have dacryoliths at DCR with 103 patients 
without dacryoliths at DCR, Yazici et al.17 found a significantly 
higher incidence of sac distension, otherwise known as acute 
dacryocystic retention syndrome, in patients with dacryolithia-
sis (p = 0.001). The study defined sac distension as swelling 
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of the medial canthal region without excessive tenderness, with 
purulent discharge and localized erythema.

In the same study, the authors suggested that dacryo-
liths may be more strongly associated with partial obstruction, 
with epiphora despite patent lacrimal passages on syringing by 
the evaluating ophthalmologist, recapitulating an association 
described in a much earlier study.22 However, this finding only 
approached significance, with 6 of 12 of the dacryolith group 
versus 24 of 103 of the nondacryolith group presenting clini-
cally with partial obstruction (p = 0.08).17 On the other hand, 
Piaton et al.48 found that a history of acute noninfectious dac-
ryocystic retention and the presence of partial obstruction of the 
lacrimal pathway were clinical signs seen significantly more in 
patients with dacryolithiasis.

Of note, in one series of 76 cases, all patients with dac-
ryoliths who received dacryocystography (DCG) were found to 
have large lacrimal sacs.24 However, the authors only performed 
dacryocystography rarely in unclear or complicated cases and 
do not provide the quantity of that group of patients. If this find-
ing is generalizable, then it may have implications as a prog-
nostic factor predicting success of DCR in treating obstructive 
and inflammatory symptoms (see “Implications of Incidental 
Dacryolith Found During DCR” for further discussion).

In their study comparing 4 groups with and without dac-
ryocystitis and with and without dacryolithiasis, Andreou and 
Rose27 found that patients with dacryoliths and dacryocystitis 
episodes typically had a shorter duration of symptoms in com-
parison to those with dacryocystitis but without stones at DCR, 
and typically sought treatment after one episode of dacryocys-
titis versus multiple episodes in the group without stones. This 
finding was recapitulated in a study by Komínek et al.,24 where 
patients found to have dacryoliths at DCR had sought care after 
a significantly shorter period of time (p = 0.014). In addition, 
the presence of dacryoliths at DCR was associated with a higher 
clinical incidence of acute dacryocystitis (p < 0.001). It is argu-
able that dacryolithiasis, when presenting with dacryocystitis, 
may produce a more severe infection. Andreou and Rose27 also 
argue that patients with dacryoliths are likely to develop dac-
ryocystitis if left untreated as a direct result of obstruction by 
dacryoliths. This is echoed in a case report by Dhillon et al., 
wherein a patient with epiphora and chronic dacryocystitis had 
complete resolution of symptoms following incision and drain-
age without DCR, implying that dacryoliths were central to the 
pathogenesis of the patient’s dacryocystitis.54

In summary, symptomatic dacryoliths commonly pro-
duce epiphora, acute and/or recurrent dacryocystitis, punctal 
discharge, and localized swelling. Unilateral sac distension, par-
ticularly with a palpable firm medial canthal mass, might lead 
one to have increased suspicion for the presence of a dacryo-
lith. In addition, one may have increased suspicion in settings of 
partial obstruction of the nasolacrimal ductal system. However, 
further investigation is necessary to rigorously demarcate symp-
toms implying the presence of a dacryolith.

DIAGNOSIS
Examination of the outer structures and blind probing with irri-
gation are integral for the initial evaluation of epiphora with 
suspected NLDO and may qualitatively characterize the extent 
of NLDO as well as reveal findings suspicious for a dacryolith.56

A variety of imaging modalities have demonstrated util-
ity in further evaluating disorders of the nasolacrimal duct. 
Dacryocystography has been the traditional radiological inves-
tigation for epiphora,57 wherein contrast is injected into the 
lacrimal ducts and radiographic films visualize drainage into 
the nasopharynx or failure thereof.57 Dacryocystography is 

considered to be superior at eliciting anatomical detail. However, 
it does subject patients to radiation and requires injection, which 
distort the results of the study and obscure functional drainage 
characteristics.57

Dacryoscintigraphy is an alternative imaging technique 
wherein radionuclide drops are placed in the inferior fornix 
of the eye and tracer distribution is visualized by a collimator 
camera. Wearne et al.57 demonstrated that dacryoscintigraphy 
is a comparably sensitive option to dacryocystography, with the 
benefit of avoiding the need for injection, and perhaps providing 
functional information over anatomical detail.

Ultrasound was first used to detect a mass in the naso-
lacrimal duct system in 1988,46 and advancements in imaging 
technology have increased the applicability of ultrasound in the 
evaluation of small anatomical structures. Stupp et al.56 showed 
that ultrasound could be used to identify dacryoliths in 9 of 
10 patients ultimately found to have stones at DCR, compared 
with 2 of 10 identified by dacryocystography, and described the 
added benefit of ultrasound of being able to characterize addi-
tional diagnostic criteria such as compressibility of the lacrimal 
sac and flow dynamics via Doppler. However, a shortcoming of 
traditional ultrasound is that, in most cases, it cannot visualize 
the lacrimal ductal lumen or wall unless there is inflammation, 
dilation, or intubation that increase the echogenicity of the tis-
sues.56 In 2011, Al-Faky et al.58 applied traditional ultrasound 
technology to biomicroscopy by using very high frequencies, 
achieving resolutions on the order of 20–60 μm. The utility of 
this technology is limited as increasing resolution decreases 
penetrance. Al-Faky et al.58 addressed this challenge with a tech-
nique wherein the area of interest was immersed in fluid. The 
authors were able to identify inflammatory changes, fistulas, 
masses, and dacryoliths. In general, ultrasound has the advan-
tage of avoiding radiation exposure to the patient and character-
izing the lacrimal drainage system proximal and distal to any 
point of obstruction. As stated before, however, the utility of 
ultrasound is limited by penetrance, and ultrasound largely can-
not be used to visualize intraosseous structures, including the 
lower lacrimal sac in most patients.

CT has broad applications in assessing the lacrimal sys-
tem along with surrounding bony structures, structures within 
the orbit, the paranasal sinuses, and the nasal cavity,54,59–61 with 
demonstrated ability to directly visualize dacryoliths in select 
cases.51 More commonly CT is used to evaluate the lacrimal 
drainage system in cases of epiphora and suspected NLDO. 
CT-DCG can be performed where contrast is applied to the 
lacrimal drainage system, either passively via the inferior for-
nix or directly via syringing, and drainage subsequently visu-
alized.61–63 A significant disadvantage of using CT imaging is 
that the radiosensitive structures of the orbit are subjected to 
high doses of ionizing radiation as compared with other imag-
ing modalities. This disadvantage is somewhat mitigated by 
applying cone beam CT to dacryocystography, as dose levels 
for cone-beam CT imaging are significantly lower than those 
of multislice CT.60,63 In a 2014 study, Tschopp et al.63 found that 
cone beam CT-DCG was able to identify the site of obstruc-
tion in all clinically diagnosed obstructions (n = 11) and cor-
rectly define all patent lacrimal systems studied (n = 9). The 
authors cannot expect studies directly comparing results of cone 
beam CT-DCG and multislice CT-DCG or traditional radio-
graphic DCG due to unnecessary increased radiation exposure 
to patients, but these results imply the competitive diagnostic 
ability of cone beam CT-DCG.

Similarly, MRI may be applied to imaging the nasolac-
rimal drainage system, with the option of instilling contrast 
agents for DCR.64 It has the particular strengths of producing 
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contrast resolution superior to CT and lack of ionizing radia-
tion,65 with comparability to identify the presence and level of 
NLDO when present.66 Visualization of a dacryolith in the lac-
rimal gland by MRI has been documented in the literature;67 
however, no studies have been conducted comparing the ability 
of CT or MRI versus traditional DCG to diagnose dacryolithia-
sis, which would help to argue for or against their diagnostic 
reliability for this application.

Rogers and DelGaudio68 have reported the case of a 
patient with a diagnosis of NLDO who was found to have a 
large dacryolith obstructing the nasolacrimal duct orifice on 
endoscopic examination of the inferior meatus. The dacryolith 
was easily removed under endoscopic visualization in the office. 
In the eventuality that such a patient may be taken up for endo-
scopic DCR, a preoperative endoscopic evaluation would most 
definitely have yielded the cause for epiphora. However, in sce-
narios where external DCR is the preferred surgery of choice, 
as is the case in many developing countries, it is possible that 
cases such as this may be missed, as routine nasal endoscopy is 
not necessarily performed preoperatively.69

Dacryoendoscopy is a procedure utilizing microendo-
scopic techniques to visualize the entire lacrimal system from the 
puncta to the inferior meatus.70 Küstner et al.71 in their series have 
described a patient who presented with tearing and discharge 
but was found to have a patent NLD on irrigation. The case was 
subsequently diagnosed as a tear-film disorder. However, dac-
ryoendoscopy showed a dacryolith in the lacrimal sac and was 
fragmented using a microdrill system and fully removed through 
the nasolacrimal duct, as well as the lacrimal canaliculus. Such 
transcanalicular viewing and operating systems have evolved dra-
matically in the past few years. However, high costs and a paucity 
of data on long-term results continue to limit the use of trans-
canalicular surgery.72 Furthermore, dacryoendoscopic surgery is 
an additional skill set that has its own associated learning curve. It 
appears logical and likely that dacryoendoscopy can be useful to 
diagnose dacryoliths within the lacrimal sac. However, given the 
limited data available and the fraction of cases of NLDO that are 
in fact due to dacryolithiasis, there is not enough evidence to sug-
gest that all cases of epiphora should undergo dacryoendoscopic 
examination as a part of routine evaluation.

MANAGEMENT
The management of dacryolithiasis is driven by the goal of 
resolution of secondary obstruction and/or inflammation. The 
important factor, therefore, that needs to be established before 
any intervention is confirming the diagnosis of dacryolithiasis. 
Preoperative diagnosis of dacryoliths can be difficult due to the 
variability of clinical presentation.67 In most cases, dacryoliths 
are identified incidentally on imaging or by direct visualization 
during therapeutic interventions undertaken to alleviate epiph-
ora or dacryocystitis. Diagnosing dacryolithiasis requires a high 
degree of clinical suspicion, following which appropriate inves-
tigations may be carried out to confirm the diagnosis.

There are multiple cases in the literature wherein sponta-
neous passage has been documented with subsequent resolution 
of symptoms.17,19 When spontaneous passage does not occur and 
symptoms become bothersome, a variety of therapeutic tech-
niques are available. Local tissue massage, lacrimal irrigation 
probing, and percutaneous aspiration can be used initially in the 
clinic to attempt to induce expulsion of dacryoliths.17 With fail-
ure of less invasive methods, techniques such as dacryoplasty,55 
possibly with snaring, laser, or microdrill fragmentation can be 
undertaken.71,73

Guthoff and Lieb74 have reported successful outcomes 
in 2 cases of dacryolithiasis diagnosed preoperatively with the 

help of DCG. In these 2 cases, dacryocystotomy with primary 
microsurgical lacrimal sac reconstruction combined with sili-
cone intubation was done, suggesting that an osteotomy may not 
always be required. However, unless the pretest probability of the 
preoperative investigations to diagnose dacryolithiasis improves 
significantly, and sufficient long-term outcomes for the above 
mentioned minimally invasive technique to treat it becomes 
available, DCR remains the gold standard to treat NLDO due 
to dacryolithiasis. Debates about optimal DCR approaches and 
techniques are outside of the scope of this review and will not 
be discussed in further detail.

IMPLICATIONS OF INCIDENTAL DACRYOLITHS 
FOUND DURING DCR

There is clearly some merit in evaluating patients for the pres-
ence and characteristics of dacryoliths preoperatively, particu-
larly in cases where surgery can be avoided. Dacryoliths are so 
often diagnosed incidentally during DCR, however, that it is of 
particular interest whether the presence of an incidental dacryo-
lith is predictive of outcomes in DCR cases.

Some recent studies have suggested an association 
between success of DCR and the presence of dacryoliths. In a 
study of 908 DCRs with 76 identified cases of dacryoliths con-
ducted between 1995 and 2011, Komínek et al. found the pres-
ence of dacryoliths to be significantly associated with success of 
DCR and persistent resolution of symptoms, with a 100% (76 
of 76) success rate for cases with dacryoliths compared with 
a 91.1% (633 of 695) success rate overall (p < 0.001).27 These 
findings were carried forward in a study published in 2014, 
with an expanded sampling of 967 primary EDCRs conducted 
between 1994 and 2012, wherein 86 dacryoliths were found and 
analyzed.44 In this study, too, surgical success defined as com-
plete improvement and resolution of symptoms occurred signif-
icantly more frequently in cases where dacryoliths were found. 
It is possible that patients were shared between the 2 studies, 
decreasing their generalizability; however, taken together, they 
nevertheless convincingly argue that for this population of 
patients, the presence of incidental dacryolith on DCR can be a 
favorable prognostic finding.

Current evidence suggests that the positive prognostic 
value of dacryoliths at DCR is that dacryoliths may be a direct 
cause of epiphora and other symptoms via obstruction of the 
nasolacrimal ductal system, one that can be addressed in totality 
by DCR and removal of the stone. In other words, failure of the 
surgeries can be considered exceptionally rare and the presence of 
a dacryolith is a good predictive factor for successful DCR. There 
however are certain gray areas: do cases of partial NLDO have 
higher chances of harboring dacryoliths as opposed to complete 
NLDOs? Is advising imaging modalities in all cases of NLDO 
to rule out dacryolithiasis justifiable? Our understanding of the 
pathophysiology and formation of dacryoliths, although nascent, 
is evolving rapidly. There is a need for focused studies that can 
throw light on the clinical features that can predict the presence of 
dacryoliths with considerable success, the predictive value of the 
diagnostic modalities in diagnosing dacryoliths, and consensus 
guidelines regarding the management of the dacryolithiasis.
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