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Foreword

Drs. Brazzo, Cohen, and Mercandetti have honored me by inviting me
to write the Foreword to their new textbook on Lacrimal Surgery and
I am honored to do so. Although there has been a recent proliferation
of new publications in the field of ophthalmic and facial plastic surgery,
the expansion of our specialty, the refinement of surgical procedures,
and new technology warrant the production of these new works.

The authors, with whom I am well acquainted, are gifted and inno-
vative surgeons in their own right. They have invited an illustrious
group of surgeons to produce a work that is well organized and well
written. The concepts and techniques presented represent the state of
the art of lacrimal diagnosis and surgery.

There is mention of lacrimal infection dating back to the Code of
Hammurabi in 2250 BC, but it was not until the late 1800s that real
progress began to be made. Toti, an ENT surgeon in Florence, Italy,
described external dacryocystorhinostomy (DCR) with turbinectomy
and creation of an osteotomy in the early 1900s. Around 1911, Whitnall
described the anatomy. Subsequently, endonasal procedures were
described and more recently, the use of lasers was introduced.

Transcanalicular laser-assisted DCR, although in its infancy, repre-
sents an incredible breakthrough in the field. Our own group, while
working at the University of Oviedo in Spain, has for five years been
working with this procedure and the results, albeit not long-term, have
been gratifying.

This work truly represents the “codification” of the developments in
the field. The authors and editors are to be congratulated for producing
a work of this quality. I am sure it will endure for years to come.

Frank A. Nesi, MD

vii



“What medicines do not heal, the lance will; what the lance does not
heal, fire will.”
—Hippocrates

Tearing disorders are among the most common dilemmas that oph-
thalmologists and oculofacial surgeons encounter. When patients
present with tears streaming down their cheek or an acute infection of
the lacrimal sac, diagnosis is usually straightforward. Frequently, this
is not the case and evaluation of a “wet eye” can be complicated by
structures that are not easily visualized and diagnostic tests that are
often difficult to interpret. Restoration of lacrimal system patency and
tear flow often involves surgical techniques that are challenging to
master and frequently have unpredictable results.

Our attempt is to provide a comprehensive textbook on the diagno-
sis, management, and surgery of lacrimal system disorders with input
by the world’s experts. The anatomy of the lacrimal system and intra-
nasal anatomy are presented in exquisite detail. Etiologies and evalu-
ation of congenital and acquired tear duct obstructions are presented
in a clear and comprehensive manner by leading authorities. The surgi-
cal technique section is the most comprehensive of any lacrimal text-
book to date with all procedures described in marvelous detail and
imagery by the world’s experts. The contributions from all of these
outstanding physicians allow for the creation of this unique tome, for
without their efforts the book would not have come to fruition.

We hope this effort will afford surgeons at all echelons to gain from
their valuable and timely insights.

Adam ]. Cohen, MD
Michael Mercandetti, MD, MBA, FACS
Brian G. Brazzo, MD

Preface
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Anatomy of the Lacrimal System

Cat N. Burkat and Mark J. Lucarelli

Successful lacrimal surgery begins with a thorough history and
preoperative clinical examination, both of which guide the surgeon
to the correct diagnosis and appropriate management. A thorough
understanding of the anatomy of the lacrimal system will further
facilitate the chance of a successful surgical outcome.

The following components of the lacrimal drainage system anatomy
will be discussed in detail:

Embryology

. Osteology

Nasal and paranasal sinuses
. Secretory system

Excretory system

1w e

Embryology

Familiarity with lacrimal system embryology is necessary to under-
stand congenital abnormalities of the nasolacrimal drainage system.
The orbital walls are embryologically derived from neural crest cells.
Ossification of the orbital walls is completed by birth except at the
orbital apex. The lesser wing of the sphenoid is initially cartilaginous,
unlike the greater wing of the sphenoid and other orbital bones that
develop via intramembranous ossification. The membranous bones
surrounding the lacrimal excretory system are well developed at 4
months of embryologic age and ossify by birth.

The lacrimal gland begins development at the 22- to 25-mm embryo-
logic stage as solid epithelial buds arise from the ectoderm of the
superolateral conjunctival fornix.'"” Mesenchymal condensation around
these buds forms the secretory lacrimal gland. The early epithelial
buds form the orbital lobe in the first 2 months, whereas the secondary
buds, which appear later in the 40- to 60-mm stage, develop into the
palpebral lobe. Canalization of the epithelial buds to form ducts
occurs, on average, at the 60-mm stage, but may be seen in as early as
the 28.5-mm stage."”” The developing tendon of the levator palpebrae
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superioris muscle divides the gland into two lobes around the tenth
week of development."” The lacrimal gland continues to develop until
3-4 years after birth.’

The excretory system begins its development at an earlier stage. In
the 7-mm embryo, a depression termed the naso-optic fissure develops,
bordered superiorly by the lateral nasal process and inferiorly by the
maxillary process. The naso-optic fissure or groove gradually shallows
as the structures bordering it grow and coalesce. Before it is completely
obliterated, however, a solid strand of surface epithelium thickens
along the floor of the rudimentary fissure extending from the orbit to
the nose. The thickened cord of epithelium becomes buried to form a
rod connected to the surface epithelium at only the orbital and nasal
ends. This separation from the surface typically occurs at 43 days
of embryologic age.® The superior end of the rod enlarges to form
the lacrimal sac, and gives off two columns of cells that grow into the
eyelid margins to become the canaliculi.”®

Canalization of this nasolacrimal ectodermal rod begins at the
fourth month or the 32- to 36-mm stage of development, proceeding
first in the lacrimal sac, the canaliculi, and lastly in the naso-
lacrimal duct.”” The central cells of the rod degenerate by necrobio-
sis, forming a lumen closed at the superior end by conjunctival
and canalicular epithelium and closed at the inferior end by nasal
and nasolacrimal epithelium. The superior membrane at the puncta
is usually completely canalized when the eyelids separate at 7
months of gestation, and therefore is normally patent by birth. In
contrast, the inferior membrane frequently persists in newborns,
resulting in congenital nasolacrimal obstruction.> Abnormalities
of development in this region, occurring typically after the fourth
month of gestation, can result in congenital absence of any segment
of the nasolacrimal system, supernumerary puncta, and lacrimal
fistulae.* >

Osteology

Whitnall'® described the orbital rim as a spiral with its two ends over-
lapping medially on either side of the lacrimal sac fossa. The medial
orbital rim is formed anteriorly by the frontal process of the maxillary
bone rising to meet the maxillary process of the frontal bone. The lac-
rimal sac fossa is a depression in the inferomedial orbital rim, formed
by the maxillary and lacrimal bones. It is bordered by the anterior lac-
rimal crest of the maxillary bone and the posterior lacrimal crest of the
lacrimal bone. The fossa is approximately 16-mm high, 4- to 9-mm
wide, and 2-mm deep,'*"” and is narrower in women."” The fossa is
widest at its base, where it is confluent with the opening of the naso-
lacrimal canal. On the frontal process of the maxilla just anterior to the
lacrimal sac fossa, a fine groove termed the sutura notha or sutura lon-
gitudinalis imperfecta of Weber, runs parallel to the anterior lacrimal
crest (Figure 1.1). It is a vascular groove through which small twigs
of the infraorbital artery pass through to supply the bone and nasal
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FIGURE 1.1. Bony anatomy of the lacrimal sac fossa and medial orbital wall.
The anterior and posterior lacrimal crests are formed by the maxillary and
lacrimal bones, respectively.

mucosa, and should be anticipated during lacrimal surgery to avoid
bleeding.

The medial orbital wall is formed, from anterior to posterior, by
the frontal process of the maxilla, the lacrimal bone, the ethmoid
bone, and the lesser wing of the sphenoid bone. The thinnest portion
of the medial wall is the lamina papyracea, which covers the ethmoid
sinuses laterally. The many bullae of ethmoid pneumatization appear
as a honeycomb pattern medial to the ethmoid bone (Figure 1.2). The
medial wall becomes thicker posteriorly at the body of the sphenoid
and again anteriorly at the posterior lacrimal crest of the lacrimal
bone.

The frontoethmoidal suture is important in orbital bony decompres-
sion or lacrimal surgery as it marks the roof of the ethmoid sinus. Bony
dissection superior to this suture may expose the dura of the cranial
cavity. The anterior and posterior ethmoidal foramina conveying
branches of the ophthalmic artery and the nasociliary nerve are located
at the frontoethmoidal suture, 24- and 36-mm posterior to the anterior
lacrimal crest, respectively (Figure 1.3)."”

The anterior lacrimal crest is an important landmark during external
dacryocystorhinostomy, as the anterior limb of the medial canthal
tendon attaches to the anterior lacrimal crest superiorly. This attach-
ment of the medial canthal tendon is often detached from the underly-
ing bone along with the periosteum in order to gain better exposure
during surgery.



6 C.N. Burkat and M.]. Lucarelli

FIGURE 1.2. The ethmoidal air cells are medial to the removed lacrimal bone,
and may extend anteriorly to pneumatize the maxillary bone of the lacrimal
sac fossa.

Ethmoidal foramina

Ostium of
maxillary sinus

FIGURE 1.3. Anteroposterior distances of the foramina from the anterior
lacrimal crest. The ostium of the maxillary sinus lies approximately in a
vertical line to the anterior ethmoidal foramen.
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A vertical suture runs centrally between the anterior and posterior
lacrimal crests, representing the anastomosis of the maxillary bone to
the lacrimal bone (see Figure 1.1). A suture located more posteriorly
within the fossa would indicate predominance of the maxillary bone,
whereas a more anteriorly placed suture would indicate predominance
of the lacrimal bone. The lacrimal bone at the lacrimal sac fossa has a
mean thickness of 106 microns, which allows it to be easily penetrated
to enter the nasal cavity at surgery.” In a patient with a maxillary bone
dominant fossa, the thicker bone makes it more difficult to create the
osteotomy.

At the junction of the medial and inferior orbital rims, at the base of
the anterior lacrimal crest, a small lacrimal tubercle may be palpated
externally to guide the surgeon to the lacrimal sac located posterior
and superior to it. In 28%-34% of orbits, the tubercle may project
posteriorly as an anterior lacrimal spur.'®*

The nasolacrimal canal originates at the base of the lacrimal sac
fossa, and is formed by the maxillary bone laterally and the lacrimal
and inferior turbinate bones medially. The width of the superior
opening of the canal measures, on average, 4-6mm." The duct courses
posteriorly and laterally in the bone shared by the medial wall of
the maxillary sinus and the lateral nasal wall for 122mm to drain into
the inferior meatus of the nasal cavity.”

Nasal and Paranasal Sinuses

Knowledge of nasal and paranasal sinus anatomy enhances the under-
standing of surgical relationships to the orbit, and is particularly
important in endonasal approaches.

The bones forming the orbital floor, roof, and medial wall are pneu-
matized by air sinuses arising from the primitive nasal cavities. They
retain communication with the nasal cavity and are thus lined by a
continuation of the nasal mucous membrane. The sinuses appear in
early childhood, increase actively during puberty, and may continue
to grow until 30 years of age."

The maxillary sinus is the largest of the paranasal sinuses, measur-
ing 15cc.”® The roof of the maxillary sinus forms the orbital floor that
declines from the medial wall to the lateral wall at an angle of approxi-
mately 30°. The maxillary sinus drains into the hiatus semilunaris
within the middle meatus through an ostium located near the level of
the orbital floor, immediately inferior to the midlength portion of the
maxilloethmoidal orbital strut. The ostium measures, on average,
24mm from the orbital rim, which is approximately in a vertical line
to the anterior ethmoidal foramen in the medial orbital wall (see
Figure 1.3).”

The ethmoid sinuses are the first to develop, reaching adult configu-
ration at as early as 12 years of age.** Ethmoid bullae are particularly
exuberant in their expansion, and may pneumatize the orbital plate of

7
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the frontal bone, and even develop as frontal sinuses. The growth of
the ethmoid sinuses frequently extends past the suture of the ethmoid
bone and even into the lacrimal and maxillary bones of the lacrimal
sac fossa (see Figure 1.2).2%

The ethmoid, sinuses are shaped like a rectangular box, slightly
wider posteriorly where they articulate with the sphenoid sinus. The
ethmoid sinuses comprise three main groups — the anterior, middle,
and posterior ethmoidal air cells. The anterior and middle ethmoidal
air cells drain into the middle meatus, whereas the posterior cells drain
into the superior meatus.

The roof of the orbit slopes down as it travels medially, and this
slope continues at the frontoethmoidal suture to become the roof of
the ethmoid sinus, or fovea ethmoidalis. The ethmoid roof continues to
slope inferiorly and medially to overlie the nasal cavity as the cribri-
form plate. The crista galli bisects the cribriform plate on its superior
aspect, and continues inferiorly as the vertical nasal plate, or vomer.
Because of this sloping, which is most prominent over the anterior
ethmoid air cells, it is important to know the individual anatomy and
variations before surgery to avoid inadvertent entry into the cranial
cavity and cerebrospinal fluid leak, or more severe intracranial
injury.”’

The anatomic relationship of the anterior ethmoid air cells to the
lacrimal sac fossa is important to understand before performing dac-
ryocystorhinostomy, in order to avoid confusion between the ethmoid
and nasal cavities during creation of the ostium. A close anatomic
relationship between the anterior ethmoid air cells, termed the agger
nasi cells, to the lacrimal sac fossa has been demonstrated in several
past studies.*****" These agger nasi bullae may pneumatize the lac-
rimal bone, and rarely extend into the frontal process of the maxillary
bone.

Whitnall® described in 1911 the relationship of the anterior ethmoid
air cells directly medial to the lacrimal sac fossa in 86% of skulls.
In 32% of skulls, the air cells extended anteriorly to the vertical
maxillary-lacrimal suture, and in an additional 54%, the air cells
extended even farther to the anterior lacrimal crest. The ethmoid cells
were located consistently in the superior half of the fossa, with the
inferior half of the fossa directly adjacent to the middle meatus of the
nasal cavity. Similarly, Blaylock et al.* studied computed tomography
(CT) scans of 190 orbits with normal ethmoid anatomy and found that
in 93% of the orbits, the anterior ethmoid cells extended anterior to
the posterior lacrimal crest, with 40% extending anterior to the
maxillary-lacrimal bone suture and entering the frontal process of the
maxilla. In only 7% of orbits was the nasal cavity directly adjacent to
the entire lacrimal sac fossa. The anterior extension of the air cells is
most prominent adjacent to the superior half of the lacrimal sac
fossa.24_26'28'30/3]

The ethmoid air cells and sinus mucosa should be removed to allow
a proper osteotomy. Understanding the anatomic relationship of the
lacrimal sac fossa to the ethmoid sinus also helps avoid complications
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such as inadvertent dacryocystorhinostomy fistulization into the
ethmoid sinus, cerebrospinal fluid leakage, orbital hemorrhage, and
trauma to and subsequent scarring of the nasal mucosa and nasal
septum.”

The bony nose is formed by the frontonasal process during embryol-
ogy. The nasal septum bisects the nasal cavity and comprises three
portions: the bony perpendicular plate of the ethmoid (superoanterior)
and the vomer (posterior and anteroinferior), a cartilaginous anterior
triangle, and an inferior membranous columella that divides the nares
anteriorly. Laterally, the nasal wall has three or more horizontal ridges
termed turbinates, with a corresponding meatus below each (Figure
1.4). During the sixth week of embryologic development, before carti-
lage forms in the walls of the primitive nasal cavities, linear outgrowths
of the lining epithelium occur on the sides and roof of each nasal side.
Each outgrowing gutter becomes a meatus, whereas the ridges left
behind form the turbinates.®'®

The inferior turbinate is the largest, arising from the medial wall of
the maxillary sinus. The smaller and more posterior middle, superior,
and supreme (if present) turbinates are outcroppings of the ethmoid
bone. The supreme turbinate may be found in up to 65% of patients.
The inferior turbinate is visualized by directing a nasal speculum
parallel to the floor of the nasal cavity. The nasal vestibule is the large

FIGURE 1.4. Endonasal sagittal view. Each nasal turbinate has a correspond-
ing meatal space located immediately below. FS, frontal sinus; IT, inferior
turbinate; MT, middle turbinate; NV, nasal vestibule; S, supreme turbinate; SS,
sphenoid sinus; ST, superior turbinate.

9



10 C.N. Burkat and M.]. Lucarelli

cartilaginous anterior dilatation of the nose above the nares, covered
by squamous epithelium with hair follicles, to which the silicone tubes
may be secured during surgery.

The middle turbinate originates posteriorly from the roof of the nose
at the cribriform plate, and arises anteriorly from the medial wall of
the maxillary sinus. The lacrimal sac fossa lies anterior and lateral to
the anterior tip of the middle turbinate, thus the entry in an external
dacryocystorhinostomy is at the anterior tip of the middle turbinate
(Figure 1.5). An ostium achieved by the endoscopic approach is usually
more inferior to the routine external site.

Within the middle meatus lies a curvilinear gutter, the hiatus semi-
lunaris, which houses the ostium of the maxillary sinus. It is bordered
inferiorly by a bony ridge termed the uncinate process, and superiorly
by the bulla ethmoidalis prominence which represents the most ante-
rior ethmoid air cells (Figure 1.6).* The middle meatus receives the
drainage of the ethmoid (anterior and middle), frontal, and maxillary
sinuses. The frontonasal duct drains the frontal sinus into the antero-
superior portion of the hiatus semilunaris. The posterior ethmoid air
cells drain into the superior meatus.

FIGURE 1.5. Endonasal site of a dacryocystorhinostomy ostium. Transillumi-
nation through the lacrimal sac fossa demonstrates its location at the anterior
tip of the middle turbinate. FS, frontal sinus; IT, inferior turbinate; MT, middle
turbinate; SS, sphenoid sinus; ST, superior turbinate.
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FIGURE 1.6. Endonasal view of lateral nasal wall with turbinates removed.
BE, bulla ethmoidalis; FS, frontal sinus; HS, hiatus semilunaris; IT, inferior
turbinate; MT, middle turbinate; O-MS, ostium of maxillary sinus; SS, sphe-
noid sinus; UP, uncinate process; * ethmoid ostia.

Secretory System

Lacrimal Gland and Accessory Glands

The main lacrimal gland is located in the superotemporal orbit in a
shallow lacrimal fossa of the frontal bone. The gland is composed of
numerous acini that drain into progressively larger tubules and ducts.
The acini are made up of a basal myoepithelial cell layer with inner
columnar secretory cells. Contraction of the myoepithelial cells helps
to force secretions into the tubules and drainage ducts.*

The gland measures 20 x 12 x 5mm and is divided by the lateral
horn of the levator aponeurosis into a larger orbital lobe, and a lesser
palpebral lobe below.”* The orbital lobe is the larger of the two lobes
and lies posterior to the orbital septum and preaponeurotic fat and
anterior to the levator aponeurosis.” Two to six secretory ducts from
the orbital lobe of the lacrimal gland pass through the palpebral lobe
or along its fibrous capsule, joining with ducts from the palpebral lobe
to form six to 12 tubules that empty into the superolateral conjunctival
fornix 4-5mm above the tarsus.**?

Accessory lacrimal glands are located in the conjunctival fornices
and along the superior tarsal border. There are approximately 20-40
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accessory glands of Krause in the superior conjunctival fornix, and half
that number present in the lower eyelid. Accessory glands of Wolfring
are located along the superior tarsal border in the upper eyelid.*>*

The lacrimal gland receives innervation from cranial nerves V
and VII, as well as from the sympathetics of the superior cervical
ganglion.” The lacrimal branch of the ophthalmic division of the
trigeminal nerve carries sensory stimuli from the lacrimal gland. The
lacrimal gland receives arterial supply from the lacrimal artery, with
contributions from the recurrent meningeal artery and a branch of
the infraorbital artery. The venous drainage follows approximately the
same intraorbital course of the artery and drains into the superior
ophthalmic vein.

The course of the parasympathetic secretomotor innervation to the
lacrimal gland is more complex. Parasympathetic secretomotor fibers
originate in the lacrimal nucleus of the pons. These fibers travel a long
course within the nervus intermedius, the greater superficial petrosal
nerve, the deep petrosal nerve, and the vidian nerve to finally synapse
in the pterygopalatine ganglion.** Postganglionic parasympathetic
fibers leave the pterygopalatine ganglion via the pterygopalatine nerves
to innervate the lacrimal gland.***! In addition, some fibers may join
the zygomatic nerve as it branches from the maxillary division of the
trigeminal nerve and enters the orbit through the inferior orbital
fissure. Branches of the zygomatic nerve may ascend and enter the
posterior surface of the lacrimal gland either alone or in combination
with the lacrimal nerve.” However, in a more recent anatomic study
by Ruskell* in 2004, he found that parasympathetic fibers traveled
along a branch of the middle meningeal artery through the superior
orbital fissure before joining the ophthalmic or lacrimal artery to
supply the lacrimal gland. This was in contrast to the traditional
assumption that secretomotor nerves pass to the gland via the zygo-
matic and lacrimal nerves.

Sympathetic nerves arrive with the lacrimal artery and along with
parasympathetics in the zygomatic nerve. The zygomatic branch of the
maxillary trigeminal nerve gives off the lacrimal branch before divid-
ing into zygomaticotemporal and zygomaticofacial branches. This lac-
rimal branch anastomoses with the lacrimal nerve of the ophthalmic
trigeminal nerve or travels along the periorbita to independently enter
the gland at its posterolateral aspect.

Excretory System

Lacrimal Drainage System

The lacrimal excretory pathway begins at a 0.3-mm opening on the
medial portion of each eyelid termed the punctum.'*” Because of more
rapid growth of the maxilla compared with the frontal bone during
embryologic development, the lateral migration pulls the inferior cana-
liculus laterally, resulting in the lower eyelid punctum being located
slightly lateral to the upper eyelid punctum.® The punctal opening
widens into the ampulla, which is 2mm in height and directed per-
pendicular to the eyelid margin, before making a sharp turn into the
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canaliculi. The canaliculi measure 8-10mm in length and 0.5-1.0mm
in diameter, and course parallel to the eyelid margins (Figure 1.7). The
canaliculi are lined with stratified squamous epithelium and sur-
rounded by orbicularis muscle.

In more than 90% of individuals, the superior and inferior canaliculi
merge to form a common canaliculus before entry into the nasolacri-
mal sac.”® In a large study using digital subtraction dacryocysto-
grams, the common canaliculus was present in 94% of lacrimal
drainage systems. The upper and lower canaliculi joined at the wall
of the lacrimal sac without a common canaliculus in an additional 4%,
with only 2% of systems having completely separate drainage of the
upper and lower canaliculi into the lacrimal sac.** The common inter-
nal punctum visualized within the lacrimal sac should be free of
any mucosal membrane or stricture for success of the dacryocystorhi-
nostomy surgery.

The functional valve between the common canaliculus and the lac-
rimal sac has traditionally been attributed to the valve of Rosenmiiller,
although some studies have been unable to document this structure.®
Tucker demonstrated a consistent pattern of angulation within the
canalicular system.*” The canaliculi first angle posteriorly behind the
medial canthal tendon. The canaliculi then bend at the canaliculus-
common canaliculus junction at an angle of 118°, before passing ante-
riorly to enter the lacrimal sac at an acute angle of 58°. This consistent
angulation may contribute to a valve-like effect that prevents retro-
grade flow from the lacrimal sac.

The nasolacrimal sac and duct are portions of the same continuous
structure (Figures 1.7 and 1.8). The lacrimal drainage system is lined

8 mm:
Canaliculus

2 mm: 10 mm:
Punctum Canaliculus
Ampulla e

12 mm:
Interosseous

MS duct

FIGURE 1.7. Approximate dimensions of the lacrimal excretory system. BE,
bulla ethmoidalis; IT, inferior turbinate; MS, maxillary sinus; MT, middle
turbinate.
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by nonciliated columnar epithelium. The total sac measures a length
of 12-15mm vertically and 4-8mm anteroposteriorly. The fundus of
the sac extends 3-5mm above the medial canthal tendon, and the body
of the sac measures 10mm in height.” The sac rests in the lacrimal sac
fossa, with its medial aspect tightly adherent to the periosteal lining
of the fossa. The lower nasolacrimal fossa and the nasolacrimal duct
are narrower in females, which may account for the female predomi-
nance of nasolacrimal obstruction.” The nasolacrimal duct then travels
inferolaterally and slightly posteriorly in its bony course to the inferior
turbinate for an interosseous distance of 12mm. The long axis of the
duct and canal forms an angle of 15-25° posterior to the frontal plane,
or in a line connecting the medial commissure to the first molar tooth
(Figure 19).'

Wormald et al.** used CT dacryocystograms to evaluate the relation-
ship of the lacrimal sac to the insertion of the middle turbinate on the
lateral nasal wall in 76 patients. The mean height of the lacrimal sac

1‘46

FIGURE 1.8. Anatomic dissection of the lacrimal drainage system within the
bony wall between the nasal cavity and maxillary sinus. The nasolacrimal
duct drains into the inferior meatus. C-i, inferior canaliculus; C-s, superior
canaliculus; IM, inferior meatus; MS, maxillary sinus; NLD, nasolacrimal
duct; NLS, nasolacrimal sac; NS, nasal septum.
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FIGURE 1.9. The nasolacrimal duct travels inferolaterally and slightly poste-
riorly in its bony course to the inferior turbinate, forming an angle of approxi-
mately 15-25° posterior to the frontal plane.

above the middle turbinate insertion was measured to be 8.8 mm and
below it was 4.1mm.

Multiple mucosal folds and sinuses have been reported within the
lacrimal drainage system, although their role and presence are unclear.
The previously mentioned valve of Rosenmidiller is located at the junc-
tion of the common canaliculus and sac, and the valve of Krause
between the sac and duct. A mucosal flap, Hasner’s valve (or plica lac-
rimalis), may be present at the opening of the duct into the inferior
meatus of the nose.”” The nasolacrimal duct ostium within the inferior
meatus is located 25-30mm posterior to the lateral margin of the
anterior nares."

The inferior oblique muscle arises from a shallow depression in the
orbital plate of the maxilla at the anteromedial corner of the orbital
floor just lateral to the lacrimal excretory fossa.

The canaliculi are encased in superficial pretarsal orbicularis oculi
muscle as they traverse the medial eyelids and medial canthal region.
The lacrimal sac is ensheathed in the lacrimal fascia, which refers to
the periorbital lining that splits at the posterior lacrimal crest into one
layer that lines the fossa, and another layer that encases the lateral sac
to reach the anterior lacrimal crest. Additionally, the lacrimal sac is
wrapped by the thick anterior and thin posterior limbs of the medial
canthal tendon. Almost immediately after the medial canthal tendon
arises from the tarsal plates, it divides into a thicker anterior limb that
wraps along the anterior upper half of the lacrimal sac before inserting
onto the anterior lacrimal crest, and a very thin posterior limb that
passes behind the sac to insert onto the posterior lacrimal crest (Figure
1.10). The deep portion of the pretarsal orbicularis muscle important
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FIGURE 1.10. Relationship of the medial canthal tendon to the lacrimal sac.
The thick anterior limb of the medial canthal tendon wraps along the anterior
upper half of the lacrimal sac to insert onto the anterior lacrimal crest, whereas
the thin posterior limb passes behind the sac to insert onto the posterior
lacrimal crest. LCT, lateral canthal tendon; MCT-a, medial canthal tendon-
anterior limb; MCT-p, medial canthal tendon-posterior limb; NLS, nasolacri-
mal sac; SN, sutura notha; T, tarsus.

in lacrimal outflow (Horner-Duverney muscle, tensor tarsi, or pars
lacrimalis) passes posterior to the lacrimal sac and the posterior limb
of the medial canthal tendon, and inserts onto the upper posterior
lacrimal crest.”'*¥* The orbital septum inserts along or just posterior
to the inferior posterior lacrimal crest.

Creation of a large osteotomy helps to increase the chance of success
of dacryocystorhinostomy surgery. As much as one-third of the lacri-
mal sac may lie above the medial canthal tendon; therefore, to create
an adequate osteotomy for apposition of the entire lacrimal sac and
nasal mucosa, the osteotomy should extend superior to the level of the
medial canthal tendon. Bone may be removed with the rongeur until
thickening of the frontal bone is noted. This point should generally lie
5mm or more above the common internal punctum.

Slightly above the level of the medial canthal tendon lies the
anterior cranial fossa. Botek and Goldberg® found that the oblique
distance between the common internal punctum and the most anterior
aspect of the cribriform plate was 25 + 3mm. Using a retrospective
study of coronal maxillofacial CT scans from 40 adults, McCann
and Lucarelli” found that the mean vertical dimension between
the medial canthal ligament and the level of the cribriform plate was
17 £ 4mm.

The angular artery branch of the facial artery runs along the line of
the nasojugal skinfold and passes superficial to the medial canthal
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tendon. The angular vein courses immediately lateral to the artery,
with both vessels located approximately 5mm anteromedial to the
anterior lacrimal crest, or 8mm medial to the medial commissure of
the eyelids.'®

Lacrimal Pump

Jones” popularized the lacrimal pump theory, in which he proposed
that contraction of the pretarsal orbicularis muscle fibers during eyelid
closure compresses and shortens the canaliculi, pumping tears toward
the lacrimal sac. Furthermore, simultaneous lateral movement of the
lateral lacrimal sac from contraction of the deep head of the preseptal
orbicularis muscle was thought to generate a negative pressure within
the lacrimal sac that draws tears into the sac from the canaliculi. In
contrast, other anatomic and physiologic studies***'~ have found that
a positive-pressure mechanism, rather than a negative-pressure mech-
anism, is responsible for the lacrimal pump during eyelid closure.
Thale used histological, immunohistochemical, and scanning electron
microscopic techniques to demonstrate that the wall of the lacrimal sac
is composed of collagen, elastic, and reticular fiber bundles arranged
in a helical pattern. He proposed that the lacrimal sac distends and is
pulled superolaterally because of its medial attachments when the
lacrimal orbicularis muscle contracts with blinking. In addition,
the helical collagen and elastic fibers encircling the sac may result in
the sac being “wrung out” as another proposed mechanism for lacri-
mal drainage.””
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Gender and Racial Variations of the
Lacrimal System
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Anatomic variations of the lacrimal system must be considered when
surgery of this region is contemplated. Racial and gender differences
seem to exist in the lacrimal region. Although not well described in
the literature, because most anatomic descriptions of the lacrimal
system in the Western literature refer to white populations, these dif-
ferences are supported by surgical experience in this region. Gender
and racial anatomic variations may exist in the lacrimal region with
respect to both bone and soft tissue. The nasolacrimal canal may vary
in width, length, bony thickness, and in proximity to ethmoidal air
cells. External soft tissue may vary in skin thickness, presence or
absence of epicanthal folds, and nasal projection. Differences between
men and women and between the lacrimal systems in white, Asian,
and black patients will be discussed as they pertain to external and
endoscopic lacrimal surgery.

Lacrimal Region Variations: Bony Anatomy

Nasolacrimal Canal Width and Length

The primary difference between the lacrimal systems of men and
women is thought to be the width and length of the nasolacrimal canal,
which contains the membranous nasolacrimal duct. A narrower, longer
nasolacrimal canal is thought to occur more frequently in women than
in men. Groessl et al.! measured the nasolacrimal canal at three differ-
ent levels in axial computed tomographic (CT) scans of 36 men and 35
women. The dimensions of the lower and middle canal were found to
be smaller in women than in men. Janssen et al.> measured the
minimum diameter of the nasolacrimal canal on axial CT scans in 50
male and 50 female controls and 19 individuals with primary acquired
nasolacrimal duct obstruction (PANDO). The mean minimum diame-
ter in women, 3.35mm, was statistically smaller than that of men,
3.70mm. Patients with PANDO had a mean minimum diameter of
3.0mm.
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These studies demonstrating a narrower nasolacrimal canal in
women may explain the higher incidence of involutional stenosis and
obstruction of the nasolacrimal duct seen in women as compared with
men.

Racial differences in the nasolacrimal canal may also exist among
white, Asian, and black patients. The nasolacrimal canal of Asians and
blacks is thought to be shorter and wider than that of whites, which
would lend credence to the observation that nasolacrimal obstruction
occurs more often in whites than other races. Ni et al.,® in an article in
the Chinese literature, examined the nasolacrimal canal in 80 half-
skulls of Chinese adults and found the mean length to be 14.14mm.
However, Groell et al.,* examining CT scans from 147 patients at the
Medical School in Austria with a presumably primarily white popula-
tion, found the mean nasolacrimal duct length to be 11.2mm with a
range of 6-21 mm. Although the methods of measurement of the naso-
lacrimal canal differed, the Chinese nasolacrimal duct was not sub-
stantially shorter than that of the Austrian group. A well-controlled
comparison study is needed to further address this issue, as well as
that of the nasolacrimal canal diameter.

Lacrimal Bone Thickness

A second, possible, and frequently discussed difference in the lacrimal
region of whites, Asians, and blacks pertains to lacrimal bone thick-
ness. The lacrimal bone appears clinically thicker in Asians and blacks
than in whites during dacryocystorhinostomy (DCR), although few
studies exist to confirm this experience (Figure 2.1). In 69 lacrimal
bones from 48 Finnish patients, Hartikainen et al.” found the mean
lacrimal bone thickness to be 106 microns, leading him to conclude
that the lacrimal bone at the lacrimal sac fossa is so thin that it is
easily penetrated in most cases. However, Lui et al.® measured lacri-
mal bone thickness in 386 Taiwanese patients during DCR and found
the average thickness to be 5.8 £ 0.9 mm in males, and 4.2 £ 0.8 mm in
females.

Anticipation of lacrimal bone thickness by the lacrimal surgeon is
important in selection of surgical approach. Adequate bony opening is
critical in achieving surgical success. Paper-thin lacrimal bones easily
lend themselves to large osteotomies with routine instruments, whereas
achieving an adequate osteotomy in thick bone is more challenging
and may require additional instrumentation, such as a drill. Selection
of either an external or endoscopic approach to DCR should take into
account anticipated lacrimal bone thickness.

Disease state itself may alter bone thickness. Hinton et al.” found
evidence of active bone remodeling in 19% of bone pieces harvested
from DCRs and conjunctivodacryocystorhinostomies. Additionally,
lacrimal bone thickness and density have been found to correlate with
systemic bone density, suggesting that low-density, thin lacrimal bone
may be found during DCR in patients with osteoporosis.® Osteoporosis
is more common in women than men, and this may contribute to the
clinical experience of easier osteotomies in women than men.”"
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FIGURE 2.1. External DCR intraoperative view of lacrimal sac fossa in an
Asian patient. Suction tip points to area of lacrimal bone suture line. The thick
maxillary bony portion and anterior crest of the fossa lie above it. In this case,
the maxillary bone is 2.5 to 3 times the width of the suction tip.

Lacrimal Sac Fossa Relationship to Ethmoidal Sinus

In 1964, Zhang and Lui undertook detailed measurements of 100
Chinese orbits and lacrimal fossas. In 56% of the specimens, they found
ethmoidal air cell extension into the lacrimal sac fossa.”"" In 76% of the
specimens, the anterior portion of the middle turbinate was also
encountered in this area. An intervening ethmoid sinus between the
lacrimal sac and the nose may cause confusion when performing a
DCR leading to an inadequate or false passage. Ethmoid sinus mucosa
can be differentiated from nasal mucosa by being much thinner. Enter-
ing the anterior portion of the middle turbinate surgically may cause
excessive bleeding, and partial blockage of the ostium by the middle
turbinate may lead to obstruction. Lui® suggests that such variations in
nasal and lacrimal anatomy may account for the perceived difficulty
of performing lacrimal surgery on Asian patients. However, initial
entry into the ethmoid air cells rather than the nasal cavity was
described in 23 of 50 DCRs (46%) by Talks of the United Kingdom in
a presumably predominately white population.”” Therefore, it behooves
the lacrimal surgeon to understand the possible variations of nasal
anatomy during all cases.

Lacrimal Sac Fossa Relationship to Cribriform Plate

Another surgically pertinent, possible difference between whites and
Asians is the location of the cribriform plate with respect to the lacri-
mal apparatus. Botek and Goldberg,” in a dissection of five human
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cadaver heads, found the distance between the internal common
punctum and the cribriform plate to be 25.1 + 2.95mm. Neuhaus and
Baylis" performed DCRs and anatomic dissections on three fresh
cadavers and found that the distance from a 15-mm vertical and 18-mm
horizontal osteotomy to the floor of the anterior cranial fossa was
50mm (range 1-7mm). In a cadaver study of 28 Japanese skulls,
Kurihashi and Yamashita'® measured the distance from a point 10mm
posterior to the medial canthus superiorly to the anterior cranial fossa
floor. Although the distance ranged from 1 to 30mm, with an average
of 8.3mm, 21% had a distance of 3mm or less. They recommended that
surgeons not make a bony ostomy beneath the medial canthal tendon
because of the possibility of violation of the cribriform plate.

Lacrimal Region Variations: Soft Tissue

External differences in the lacrimal region of whites, Asians, and
blacks, particularly the absence or presence of epicanthal folds, the
broad nasal bridge, and the thickness of the skin, clearly exist. Place-
ment of skin incisions for an external DCR must take these factors into
consideration. The broad nasal bridge of some Asians and blacks makes
an incision more visible from a frontal view than in a white patient.
Precise placement of the angle and length of the incision, particularly
if a bilateral procedure is being performed, is essential for proper post-
operative patient cosmesis. Because of the thicker skin of the nasal
bridge, the incision should be placed closer to the medial canthus in
the Asian and black patient than in the white patient. A less noticeable
scar should occur in thinner skin. However, the epicanthal fold of some
Asians must be avoided at all costs to prevent medial canthal webbing
with scar contracture. An endoscopic DCR would avoid any potential
problems arising from these external differences; however, one would
need to take the thicker bone of the lacrimal region, often encountered
in Asians and blacks, into consideration.

Conclusion

In summary, some differences between the lacrimal systems of males
and females and those of different races have been well documented,
such as the smaller nasolacrimal canal diameter of women as com-
pared with men. However, further comparative studies are needed to
fully address the anatomic differences, which would provide better
surgical guidelines. Variations exist even within each gender and race.
The key to being a successful lacrimal surgeon lies in the awareness of
such nuances and the ability to adjust surgical technique when an
anatomic variation is encountered in any patient.
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Nasal Anatomy and Evaluation

The nose is a significant organ of respiration and the primary organ
of olfaction. The nasal septum is a cartilaginous and bony structure
that divides the nose into two chambers. The anatomy of the lateral
nasal wall is formed by a series of folds and spaces known respectively
as the nasal conchae and meati. The effect of these structures on
the inspired air-stream sets the parameters for nasal breathing and
the treatment of air before it is directed down into the lungs. The
turbulent airflow caused by the conchae adds to the perceived
resistance of nasal airflow and the sensation of adequate breathing.
Turbulent airflow allows for the wafting of molecules to the sensory
cells of the olfactory system and thus aids the senses of taste and
smell.

The paranasal sinuses, immediately adjacent to the nasal cavity, are
air-filled spaces lined with respiratory epithelium in continuity with
the epithelium of the nasal cavity. Within the confines of the nose
and paranasal sinuses courses the collecting portion and the lower
drainage portion of the lacrimal system and the lacrimal sac and duct,
respectively. The complex relationship between nasal anatomy and
the lacrimal system requires that the ophthalmologist has a good
understanding to successfully approach the lacrimal system while
avoiding complications in the nasal cavity."™

Anatomy

The External Nose

The external projection of the nose approximates a pyramid. The supe-
rior attachment at the forehead is known as the root. The inferior
angular portion is known as the tip. The dorsum nasi is the intervening
ridge. The nares are the paired openings to the nasal cavity each
bounded medially by the septum and laterally by the alae. Each ala is
formed by a rounded lower lateral cartilage.

The nasal skeleton is partially cartilage, part bone, and part mem-
branous. Two paired nasal bones articulate with the frontal bones and

Joseph P. Mirante
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rest firmly supported by the frontal process of the maxilla to support
the bridge of the nose. The lower portion of the nasal pyramid is
formed by several major and minor cartilages. The upper lateral carti-
lage is triangular in shape, extending from the paired nasal bones. The
curved lower lateral cartilages overlie these and form the nasal opening.
The medial portions of the lower cartilages sit anterior to the central
septal cartilage.

The nasal cavity is divided into two nasal fossae. They are triangular
in shape, opening anteriorly at the nares. The posterior openings into
the pharynx are known as the choanae. The walls of the nasal cavity
consist of the medial wall, formed by the septum; a lateral wall; and a
floor. The most anterior portion of the nasal cavity is known as the
vestibule. It is lined by squamous epithelium and has hairs, sweat
glands, and sebaceous glands. The remainder of the nasal cavity is
lined with respiratory epithelium, is highly vascular, and contains
mucous and serous glands. The ciliated epithelium of the nasal cavity
engages in active transport of mucous down into the nasopharynx.

The Nasal Septum

The nasal septum is formed by both bone and cartilage. The perpen-
dicular plate of the ethmoid bone forms much of the posterior and
superior portion of the nasal septum. The anterior portion is formed
by the septal cartilage. Inferiorly lies the bony plate of the vomer, which
rests on the nasal crests of the maxilla and the palatine bones. Variation
in the anatomy, or deviation of the septum, can be attributed to the
presence of bony protuberances, or septal spurs arising from the bony
structures. The articulation of the septal cartilage can be angled from
the nasal crest, causing a cartilaginous encroachment of the septum
into the nasal cavity; clinically, this is known as a septal spur (Figure
3.1). The septal cartilage can also have a curved shape, causing nar-
rowing of the nasal cavity, frequently referred to as septal deviation.
These variations can be congenital in nature or acquired changes from
nasal trauma.

The nerve supply of the nasal septum comes from the anterior eth-
moidal and maxillary nerves with innervation coming via the spheno-
palatine ganglion. Surgical treatment or trauma to the septum and
resulting inflammation can lead to symptoms of numbness or pain of
the upper incisors. The blood supply to the septum includes branches
of the sphenopalatine artery, the ethmoidal artery, and the facial artery.
The tissue is quite vascular and bleeding in surgery or from trauma
can be quite brisk. Vasoconstrictive agents, topical and injected, are
advisable when manipulation of the septum is necessary for surgical
procedures.

The Lateral Nasal Wall

In contrast to the relatively simple medial wall, the lateral nasal wall
in much more complex in both its anatomy and its involvement with
the functions of respiration and drainage of the paranasal sinuses. It
is the medial border of the paranasal sinuses and holds the projecting
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FIGURE 3.1. Septal spur. The arrow identifies a large septal spur. (S) identi-
fies the nasal septum. (MT) identifies the middle turbinate.

ridges of bone known as the conchae or turbinates. These folds
of respiratory mucosa over bone are named based on their relative
position from below upward as the inferior, middle, and superior
turbinate, respectively. In some cases, a fourth or supreme turbinate is
present.

The inferior and middle turbinate are most important to discussions
of the relationship between the lacrimal system and nasal anatomy.
The spaces below the turbinates are known as meati and are named in
accordance with the ridge to which they are related. The inferior meatus
lies below the inferior turbinate, the middle meatus lies below the
middle turbinate, and so on. The beginning of the space is at the ante-
rior attachment or root of the turbinate.

The inferior turbinate consists of bone independent of the lateral
wall (Figure 3.2). It is covered with a thick mucous membrane and
contains a significant cavernous plexus which can be a source of brisk
bleeding after surgical procedures. The inferior meatus, defined by the
shape of the turbinate, is narrow anteriorly and posteriorly, and arched
higher and wider in the center portion.

The structure of most importance in the inferior meatus is the
opening of the nasolacrimal duct (Figure 3.3). Its shape is quite variable
and has been described from rounded to more slit-like in appearance.
The opening can be more raised from the surrounding tissue and
papillae-like or can be more flattened and open into a deep groove or
fossa. When the opening is more slit-like, it usually courses through a
protective fold of mucous membrane known as the plica lacrimalis or
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FIGURE 3.2. Inferior turbinate: (S) identifies the nasal septum. (IT) identifies
the anterior portion of the inferior turbinate. A dissecting microdebrider blade
is in the foreground.

FIGURE 3.3. Opening of the nasolacrimal duct into the inferior meatus. The
arrow identifies the opening of the nasolacrimal duct.
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the valve of Hasner. The location of the nasolacrimal ostium is usually
in the anterior portion of the inferior meatus at the lateral wall. It has
also been described as high as the attachment of the turbinate.

The middle turbinate is a projection of the ethmoid bone that
overhangs the complex anatomy of the middle meatus (Figure 3.4).
This space is of vital importance in the drainage of the paranasal
sinuses. The anterior attachment of the middle turbinate runs almost
vertically and then bends to horizontal through the posterior portion.
Under the high anterior portion is the highest part of the middle
meatus known as the frontal recess. The frontal recess receives drain-
age from the frontal sinus superiorly. From the frontal recess, the
middle meatus runs inferiorly and posteriorly. It is bordered by
the face of the ethmoid sinus and the ethmoid bulla posteriorly. On
the lateral wall, the uncinate process is a fold that projects posteriorly
into the middle meatus. The natural ostium of the maxillary sinus lies
below the inferior portion of the uncinate process. Scarring in the area
of the middle meatus can be an iatrogenic cause of chronic sinus
disease if the drainage pathways are blocked after manipulation and
subsequent narrowing. This is particularly true for the frontal recess
and chronic frontal sinusitis.

The most anterior part of the middle meatus corresponds to the loca-
tion of the medial wall of the lacrimal sac. The sac can be fairly reliably

FIGURE 3.4. The middle meatus, injection of local anesthesia. The yellow
arrow identifies the middle meatus. (MT) identifies the middle turbinate. The
red arrow identifies the attachment of the middle turbinate, near the location
of the lacrimal sac. (S) identifies the nasal septum.
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located just anterior and inferior to the anterior attachment of the
middle turbinate. The nasolacrimal duct courses within the bony
nasolacrimal canal which runs inferiorly and slightly posteriorly and
laterally between the lateral nasal wall and the maxillary sinus. The
nasolacrimal duct can continue as the same diameter as the lacrimal
sac, but generally narrows as it runs inferiorly. Whereas the nasolacri-
mal duct is intimately attached to the surrounding periosteum, the
lacrimal sac is more loosely associated with its surrounding peri-
osteum. As previously described, the nasolacrimal duct drains into the
inferior meatus via its ostium.

The blood supply to the lateral nasal cavity posteriorly is largely
from the sphenopalatine branch of the internal maxillary artery. The
anterior and posterior ethmoid arteries from the internal carotid cir-
culation supply more anterior and superior portions of the nasal cavity.
The vestibule is largely supplied by branches of the facial nerve from
the external carotid circulation.

Evaluation of the Nasal Cavity

Anterior Rhinoscopy

The most anterior portion of the nose, the nasal vestibule, can be easily
evaluated with a light and direct vision. A nasal speculum will facili-
tate the examination by allowing the lateral retraction of the nasal ala.
Alternatively, this can be accomplished with a handheld otoscope. In
evaluation of the anterior nasal cavity, the physician should look for
epistaxis, polyps, granulomas, skin malignancies, or benign lesions. A
benign granuloma or hemangioma can bleed as easily as a malignancy.
Consider biopsy or referral for biopsy for any suspicious lesion.

Nasal Endoscopy

Fiberoptic nasal endoscopes are valued tools in the evaluation of the
nasal cavity. Both rigid and flexible endoscopes provide for thorough
evaluation. The experienced examiner can proceed gently without the
aid of a topical anesthetic, such as 4% lidocaine. The use of a topical
decongestant, however, is advisable to aid in visualization and patient
comfort.

With nasal endoscopy, the examiner can identify the presence of
benign and malignant tumors, nasal polyps (Figure 3.5), septal devia-
tion, and turbinate hypertrophy. Indeed, the completion of an endo-
scopic examination in the office is a good practice run for the use of a
scope in the operating room and can help increase the comfort of the
surgeon with the instrument as well as familiarize the surgeon with
the anatomy.

Frequently, a 0°, 2.7-mm, rigid nasal endoscope is used. A wider, 4-
mm endoscope will resist damage but will be more difficult to use in
the nasal cavity. A flexible fiberoptic nasopharyngoscope may be more
easily directed to the posterior nasal cavity; however, it cannot be used
with one hand to allow manipulation of suction or forceps to remove
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FIGURE 3.5. Benign nasal polyps: extensive nasal polyps in the nasal
cavity.

debris. Caution must be used in the care and examination with nasal
endoscopes. The optical fibers can break easily if the endoscope is
dropped, and repairs and replacement are costly. Multiple articles
describe the care and cleaning of endoscopic equipment and suppliers
of these technologies are quite helpful in teaching about their upkeep.

Imaging Studies

Computer tomography in the coronal plane is an excellent modality in
evaluation of the nasal cavity. Septal deformity, turbinate hypertrophy,
and masses can all be evaluated. Computer-aided imaging systems
used in neurosurgery, skull base surgery, and sinus surgery can be of
assistance. The systems allow for real-time correlation of patient
anatomy to computed tomography anatomy in the operating room.
They can, however, increase operative time and may not be of much
additional help for routine cases. Their utility may lie more in cases
of severely abnormal anatomy, such as revision cases or in the setting
of an anatomy-altering mass.
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Congenital Etiologies of Lacrimal
System Obstructions

William R. Katowitz and James A. Katowitz

The etiologies of congenital nasolacrimal duct obstruction can be
separated into those affecting the upper system (puncta, canaliculi,
common canaliculus) and those involving the lower system (lacrimal
sac and nasolacrimal duct). The causes can range from abnormal
embryogenesis with failure of dehiscence of embryonic membranes
to tumors or strictures that curtail the normal development of the
nasolacrimal apparatus. It has long been held that the most common
site of obstruction is at the opening of the nasolacrimal duct into the
inferior meatus. This was supported by Sevel,! who showed that
60%—70% of the fetuses in his series did not have a patent opening
between the nasolacrimal duct and the inferior meatus; rather, there
was a mucosal and epithelial membrane responsible for this obstruc-
tion. Given that this membrane most often canalizes within a
month after birth, thereby allowing normal tear outflow, one can
appreciate the delicate balance between embryogenesis and anatomic
dysfunction.

Development of the nasolacrimal system begins at approximately
the 6-week stage of embryonic development. An epithelial layer of
ectodermal tissue is entrapped as a core between the lateral (fronto-
nasal) and maxillary process (Figure 4.1). Sevel describes develop-
mental anomalies of the nasolacrimal system as either a failure
in complete separation of this epithelial core from the surface ecto-
derm or noncomplete patency of the apparatus attributed to failure
of canalization. This ectodermal core projects into the upper and
lower lids as a bifurcation at the medial canthus to form the canaliculi
and puncta. Incomplete formation, misdirection, accessory budding,
and deformation from amniotic bands can contribute to a develop-
mental obstruction of the nasolacrimal system. A third process
described by Duke-Elder® is complete absence of the nasolacrimal
passage caused by a nonunion or clefting of the nasal and maxillary
processes during embryogenesis. This rare developmental anomaly
has been seen in cyclopia, cryptophthalmos, or from amniotic band
pressure necrosis.
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FIGURE 4.1. Development of the nasolacrimal system begins at approxi-
mately the 6-week stage of embryonic development. An epithelial layer of
ectodermal tissue is entrapped as a core between the lateral (frontonasal) and
maxillary process.

Congenital Obstructions of the Upper
Nasolacrimal System

Abnormalities of the Puncta

Many anomalies of the puncta have been described. Atresia or agenesis
of the lacrimal puncta is not uncommon. When this occurs, a veil
or membrane consisting of conjunctiva and canalicular epithelium
occludes the punctal orifice. This membrane may be present within the
punctal orifice or may lie over the punctum as a veil and appear only
as a small dimple in the lid margin.

Congenital absence of the punctum is less common but can be
attributed to failure or incomplete outbudding of the nasolacrimal core
(Figure 4.2). Duke-Elder” (1964) cited examples from the literature of
an autonomic dominant pattern of inheritance for an absence of puncta.
The EEC syndrome (ectrodactyly-ectodermal dysplasia—clefting
syndrome) is also associated with absent puncta, as well as the Levy-
Hollister syndrome (lacrimo-dento-digital syndrome).’

The presence of epiphora must be investigated to distinguish
actual nasolacrimal duct obstructions from other nonobstructive
functional abnormalities. Congenital lid malpositions such as con-
genital entropion or ectropion, telecanthus, hypertelorism, and lid
colobomas can cause poor punctum to globe apposition and may
explain symptoms of tearing in an infant. Abnormalities of the lashes
can also cause tearing in the newborn. In addition, an inadequate lid
pumping mechanism can be seen in congenital paresis of the orbi-
cularis muscle caused by seventh nerve palsies. Such etiologies must
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FIGURE 4.2. Congenital absence of the punctum is less common but can be
attributed to failure or incomplete outbudding of the nasolacrimal core.

be distinguished from actual obstructions as a cause of tearing in
the infant.

Abnormalities of the Canalicular System

Anomalies of the canaliculi may include developmental abnormalities
such as canalicular atresia or absence of the canalicular system
altogether. The latter is attributed to anomalous development of the
epithelial core.! Canalicular atresia can be classified as proximal, mid-
canalicular, or distal.

Supernumerary (Anlage) Ducts

Accessory channels may exist and communicate with the skin ending
in the canalicular system, the lacrimal sac, or even the lacrimal duct.
These lacrimal anlage ducts or lacrimal fistulae may result from addi-
tional extensions of the embryonic epithelial cord or as outpouchings
from the developing canaliculi. The openings of these ducts may be on
the skin below the punctum, at the lid margin, or at the medial aspect
of the lower lid crease (Figure 4.3).

Dacryoliths

Stones are known to cause acquired nasolacrimal duct obstructions
but have not been reported in congenital cases of nasolacrimal duct
obstruction.
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FIGURE 4.3. Accessory channels may exist and communicate with the skin
ending in the canalicular system, the lacrimal sac, or even the lacrimal duct.
The openings of these ducts may be on the skin below the punctum, at the lid
margin, or at the medial aspect of the lower lid crease.

Congenital Obstructions of the Lower
Nasolacrimal System

Sevel' has described two main causes of abnormal embryogenesis
in the lacrimal sac and duct as attributed to incomplete or abnor-
mal separation of the epithelial core or attributed to abnormal
canalization.

Congenital Fistula of the Lacrimal Sac

Anlage ducts involving the upper system have already been discussed;
however, abnormal canalization can lead to direct communications
between the skin and lacrimal sac. Canalization begins at the fourth
month of gestation and can be caused by a defect in the optic end of
the naso-optic fissure.* An internal fistula between the lacrimal sac
and nasal cavity may also occur, although this is not a cause of
obstruction.

Congenital Dacryocystocele

When fluid is entrapped in a nonpatent nasolacrimal system, a neonate
may present with a mass below the medial canthus representing cystic
distention of the lacrimal sac (Figure 4.4). This entity may be attribut-
able to entrapped mucous (mucocele) or amniotic fluid (amniotocele).
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FIGURE 4.4. When fluid is entrapped in a nonpatent nasolacrimal system, a
neonate may present with a mass below the medial canthus, representing
cystic distention of the lacrimal sac. This entity may be caused by entrapped
mucous (mucocele) or amniotic fluid (amniotocele).

One other rare cause for distention in the region of the lacrimal system
is an encephalocele, although its usual location above the medial
canthal tendon, as well as associated pulsations, helps to distinguish
it from benign fluid collections. Other causes of a mass in the medial
canthus can be a hemangioma or dermoid. Tumors of the lacrimal sac
are rare in the pediatric age group. The presence of a bluish discolor-
ation and confirmation with imaging studies, ultrasonography, or nasal
endoscopy can aid in diagnosis. Dacryocystoceles can be large enough
to extend into the nasal cavity and have been reported to cause respira-
tory distress.’

Congenital Dacryocystitis

Inflammation of the nonpatent nasolacrimal system can occur in
the setting of a dacryocystocele or simply a nonpatent nasolacrimal
duct. Neonates classically present with tearing followed by a muco-
purulent discharge without the presence of an inflamed mass below
the medial canthus. When bacteria actually infect the lacrimal sac and
edema at the common opening prevents decompression of the sac
contents, an acute dacryocystitis can occur (Figure 4.5). The most
common causative organisms have been reported as gram-positive
cocci Streptococcus pneumoniae, Staphylococcus, and gram-negative
Enterobacteriaceae.’
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FIGURE 4.5. When bacteria actually infect the lacrimal sac, and edema at the
common opening prevents decompression of the sac contents, an acute dac-
ryocystitis can occur.

Dacryostenosis

The most common etiology of congenital nasolacrimal obstruction is a
persistent membrane covering the nasolacrimal ostium at the valve of
Hasner. Failure of dehiscence of this epithelial membrane creates a
blockage or valve-like fold over what is normally the valve of Hasner.
Using serial histologic sections, Cassady’ in 1952 examined the naso-
lacrimal duct of 15 full-term stillborn infants and reported the presence
of this membrane in 13 of the subjects (87%). Sevel' described this
membrane histologically as attenuated nasal mucosa and stretched
epithelium from the nasolacrimal duct lining. A membranous obstruc-
tion of the nasolacrimal duct represented 73% of the cases treated by
Kushner® in his 1982 report. He described this clinically as lack of
resistance during probing until entering the lower portion of the
system, followed by reaching a point of obstruction that could be easily
perforated when advancing the probe.

Although the majority of obstructions at the lower end of the
nasolacrimal duct occur at the valve of Hasner, the location of the
distal end of the duct can vary.” This can be appreciated clinically if
one encounters an unusual pathway that does not respond to
simple perforation when probing the distal end of the duct. In this
instance, nasal endoscopic examination may be of value. If one cannot
safely pass a probe at the time of examination, however, then con-
sideration should be given to further diagnostic imaging such as
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dacryocystography or magnetic resonance imaging with contrast
injection. More definitive surgical intervention such as a dacryocys-
torhinostomy may be required based on information obtained from
these studies.

Facial Clefts

Congenital facial clefts can disrupt the nasolacrimal system in the
newborn. These can involve the soft tissue of the face and extend into
the bony structures. Tessier devised a clock-face system to describe the
craniofacial clefting syndromes. According to the Tessier classification
system, clefts 2, 3, and 4, located in the lower medial canthal and naso-
lacrimal region, are associated with congenital nasolacrimal abnor-
malities. The cause of these clefts can be attributed to external or
internal forces. Amniotic bands formed in utero from amniotic sac
rupture can wrap across the developing fetus, thus causing strictures
and pressure necrosis. If these bands are swallowed in utero by the
developing fetus they may specifically constrict across the face. There
are many reports in the literature of various internal influences on
clefting syndromes, from genetic causes to exposures to intrauterine
infectious or pharmacologic agents (Figure 4.6).°"

FIGURE 4.6. Congenital facial clefts can disrupt the nasolacrimal system in the newborn. These can
involve the soft tissue of the face and extend into the bony structures. Tessier devised a clock-face
system to describe the craniofacial clefting syndromes.
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Conclusion

The etiologies of nasolacrimal outflow obstruction are multifactorial.
They can be the result of external forces causing clefts in the outflow
pathway or of pressure causing occlusion of the system, as seen with
nasal cysts or masses. Genetic factors may have a role in the embryo-
genesis of syndromic entities that are associated with epiphora.
Obstruction to outflow must be distinguished from other causes of
tearing such as lid malpositions, abnormal or misdirected lashes, or a
poor lacrimal pump mechanism. An understanding of the various
etiologies can help in better appreciating the anatomic sites of dysfunc-
tion and in the selection of the most appropriate medical and surgical
solutions.
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Acquired Etiologies of Lacrimal
System Obstructions

Acquired obstructions of the lacrimal excretory outflow system will
produce the symptoms of epiphora, mucopurulent discharge, pain,
dacryocystitis, and even cellulitis, prompting the patient to seek the
ophthalmologist for evaluation and treatment. Impaired tear outflow
may be functional, structural, or both. The causes may be primary —
those resulting from inflammation of unknown causes that lead to
occlusive fibrosis—or secondary, resulting from infections, inflamma-
tion, trauma, malignancies, toxicity, or mechanical causes. Secondary
acquired dacryostenosis and obstruction may result from many causes,
both common and obscure. Occasionally, the precise pathogenesis of
nasolacrimal duct obstruction will, despite years of investigations, be
elusive.

To properly evaluate and appropriately treat the patient, the ophthal-
mologist must have knowledge and comprehension of the lacrimal
anatomy, the lacrimal apparatus, pathophysiology, ocular and nasal
relationships, ophthalmic and systemic disease process, as well as the
topical and systemic medications that can affect the nasolacrimal duct
system. One must be able to assess if the cause is secondary to outflow
anomalies, hypersecretion or reflex secretion, pseudoepiphora, eyelid
malposition abnormalities, trichiasis, foreign bodies and conjunctival
concretions, keratitis, tear film deficiencies or instability, dry eye syn-
dromes, ocular surface abnormalities, irritation or tumors affecting
the trigeminal nerve, allergy, medications, or environmental factors.
Abnormalities of the lacrimal pump function can result from involu-
tional changes, eyelid laxity, facial nerve paralysis, or floppy eyelid
syndrome, all of which displace the punctum from the lacrimal lake.
If the cause is secondary to obstruction of the nasolacrimal duct system,
the ophthalmologist must be able to determine where the anomaly is
and what the cause is, in order to provide the best treatment possible
for the patient.

Tearing is a common complaint, and a complete workup is multi-
faceted and requires a detailed history as well as a comprehensive
ophthalmic examination with special emphasis on the anterior segment,
lacrimal system, and nasal cavity. The cause of tearing can be secon-
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dary to hypersecretion, lacrimation, or impairment of drainage. The
patient should be questioned regarding the following: unilateral versus
bilateral vision; subjective symptoms of foreign body sensation,
burning; constant versus intermittent problems; allergies; prior use of
medications; prior probing; sinus disease and/or surgeries; prior
trauma, midfacial trauma, nasal fractures; radiation treatment to the
periocular or paranasal sinus area; ocular diseases; ocular or periocu-
lar surgeries; prior episodes of lacrimal sac inflammation or infection;
discharge; clear, or bloody tears.

Inspection of the eyelids and lashes may reveal signs of blepharitis,
concretion, cyst, molluscum contagiosum, chalazion, ectropion, entro-
pion, trichiasis, lid laxity, lagophthalmos, poor blinking mechanism
which may be secondary to seventh cranial nerve paralysis, poor lac-
rimal pump function, and overriding of the upper and lower lids. A
notch on the lid margin secondary to trauma or surgery may allow
tears to flow out of the tear pool onto the face. The punctum should be
evaluated for size, stenosis or occlusion, its position, movement, and
for possible obstruction by the conjunctiva, the plica semilunaris, an
enlarged caruncle, conjunctivochalasis, or hyperplasia. A badly slit
punctum or canaliculus may also be a source of chronic epiphora.
Palpation with pressure over the lacrimal sac may produce a reflux of
mucoid or mucopurulent material through the canalicular system and
punctum if the common canaliculus and valve of Rosenmiiller are
patent.

Examination of the nose should be performed to rule out the possi-
bility of intranasal tumors, allergic rhinitis, polyposis, or turbinate
impaction or other possible obstructions of the distal end of the naso-
lacrimal duct.

Symptoms of epiphora can reflect excess tearing, or hypersecretion
of tears, caused by the reflex arcs initiated by such processes as kera-
toconjunctivitis sicca, keratitis, allergies, or uveitis. In some patients,
the clinical examination is unremarkable and the cause of epiphora
remains unclear, a functional block.

Unilateral tearing is suggestive of a lacrimal outflow problem because
of either obstruction or poor function of the tear pump caused by
weakness of the orbicularis muscle, seventh cranial nerve palsy, or
lower lid laxity. Also to be considered in unilateral tearing is the pos-
sibility of intracranial processes, such as an acoustic neuroma, which
can compress the lacrimal innervation pathway in the brain and result
in decreased tear production and unilateral dry eye symptoms and
signs, including epiphora. Lymphoma, adenoid cystic carcinoma, or
other tumors of the lacrimal gland can infiltrate the gland and/or
its innervation, causing decreased tear production on one side, with
epiphora. However, bilateral outflow abnormalities can occur and
result in bilateral tearing.

Symptomatic tearing can result when a normal lacrimal drainage
system is overwhelmed by hypersecretion, or when a drainage system
is anatomically comprised and unable to handle normal tear produc-
tion. Epiphora is determined by a balance between tear production
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and tear drainage and not by the absolute function or dysfunction of
either.

Nasolacrimal duct occlusion is more common in the middle-aged
woman, is often of unknown etiology, and may present with or without
dacryocystitis. This higher prevalence of primary acquired nasolacri-
mal duct obstruction in women may be secondary to their narrower
nasolacrimal ducts, and, or the possible hormonal effects on its mucosa
leading to obstruction. There is an increased incidence of dacryocysti-
tis in females (71.3%).!

Cicatricial nasolacrimal duct drainage obstruction has been reported
to result from various medical therapies, both topical and systemic
medications, radiation, systemic chemotherapy, and bone marrow
transplantation.

Patients with Down’s syndrome have been noted to develop a dac-
ryostenosis, more frequently caused by anatomic abnormalities, cana-
licular stenosis, and atresia. Punctal atresia and canalicular obstruction
are also more common in patients with midface abnormalities.

Bartley modified the Linberg and McCormick etiologic classification
system for “primary acquired nasolacrimal duct obstruction” (PANDO),
and published an expanded classification for “secondary acquired lac-
rimal drainage obstruction” (SALDO). The etiologies causes of SALDO
were divided into five categories: infectious, inflammatory, neoplastic,
traumatic, and mechanical® (Table 5.1).

Location of Stenosis or Occlusion

Punctum and/or Vertical Canaliculi

Acquired stenosis or occlusion of the punctum and canaliculi may be
caused by a variety of conditions, including inflammatory conditions,
infections, trachoma, cicatrizing diseases of the conjunctiva, that are
secondary to the toxic effect of topical or systemic medications, espe-
cially systemic chemotherapeutic medications, masses in the area of
the punctum, surgery, burns, trauma, long-standing ectropion or lid
malposition, aging changes, blepharitis, trauma, tumors, or iatrogenic
response.

Punctal stenosis is more common in postmenopausal women, prob-
ably secondary to hormonal changes. Chronic blepharitis causes
inflammatory and cicatricial changes resulting in inflammatory mem-
brane formation, conjunctival epithelial overgrowth, and keratiniza-
tion of the walls of the punctum. Membranous stenosis at the internal
punctum is the most common location for canalicular stenosis. Involu-
tional changes of these tissues, atrophy, and dense fibrous stricture of
the punctum cause it to be less resilient and the orbicularis muscle
fibers to become atonic and stenotic.

Conjunctivochalasis, excess conjunctiva that occludes the inferior
punctum, is often overlooked. In mild cases, it may cause tearing
because of tear film instability; in moderate cases, it may cause
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TABLE 5.1. Causes of secondary acquired nasolacrimal duct
obstruction.

Neoplastic

Primary

Secondary

Metastatic

1. Primary neoplasms
Adenocarcinoma
Adenoid cystic carcinoma
Angiofibroma
Angiosarcoma
Cavernous hemangioma
Cyst
Dermoid cyst
Fibroma
Fibrous histiocytoma
Glomus tumor
Granular cell tumors
Hemangioendothelioma
. Hemangiopericytoma
Leukemia
Lymphoma
Lymphoplasmacytic infiltrate
Melanoma
Mucoepidermoid carcinoma
Neurilemoma
Neurofibroma
Oncocytic adenocarcinoma
Oncocytic adenoma
Oncocytoma
Papilloma and inverted papillomas
Plasmacytoma
Pleomorphic adenoma

aa. Pyogenic granuloma

bb. Squamous cell carcinoma

cc. Transitional cell carcinoma
2. Secondary involvement by neoplasm
Adenoid cystic carcinoma
Amyloid
Basal cell carcinoma
Capillary hemangioma
Esthesioneuroblastoma
Fibrosarcoma
Fibrous dysplasia
Intraosseous cavernous hemangioma
Leukemia
Lymphoma
Maxillary and ethmoid sinus tumors
Midline granuloma
Mucoepidermoid carcinoma
Mycosis fungoides
Neurofibroma
Osteoma
Papilloma
i. Conjunctival
ii. Inverted (schneiderian)
Rhabdomyosarcoma
Sebaceous gland carcinoma

t. Squamous cell carcinoma
3. Metastatic

a. Breast carcinoma

b. Melanoma

c. Prostate carcinoma
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TABLE 5.1. Continued

Inflammations
1. Endogenous

a.

b
C.
d
e
f.
g.
h.
i.
j.
k
1.
m.

Wegener’s granulomatosis and other forms of vasculitis
Sarcoidosis and sarcoid granuloma

Cicatricial pemphigoid

Stevens-Johnson syndrome (erythema multiforme)

Sinus histiocytosis

Orbital inflammatory syndrome (pseudotumor)
Kawasaki’s disease (mucocutaneous lymph node syndrome)
Porphyria cutanea tarda

Epidermodysplasia verruciformis, ichthyosis, scleroderma
Idiopathic punctal stenosis

Benign squamous metaplasia

Sjogren’s syndrome

Lichen planus

2. Exogenous
a

oo an o

i

Eyedrops

i. Antiviral agents
1. Idoxuridine
2. Vidarabine
3. Trifluridine
4. Acyclovir

ii. Antiglaucoma medications
Demecarium
Echothiophate
Isoflurophate
Furmethide
Neostigmine
Physostigmine

. Epinephrine

iii. Silver nitrate, silver protein, colloidal silver
iv. Thiotepa

Radiation therapy
Fluorouracil (systemic)
Graft-versus-host disease
Pyogenic granuloma
Foreign body granuloma
Allergy

i. Ocular

ii. Nasal

Burns

i. Thermal

ii. Chemical

Chronic sinus disease

NouE»NE

Infections
1. Bacterial

a.

oo

T s

Actinomyces sp.

1) A.israelii

(2) A. meyeri
Propionibacterium propionicum (Arachnia propionica)
Fusobacterium sp.
Bacteroides sp.
Mycobacterium sp.

(1) M. fortuitum

(2) M. leprae

(3) M. tuberculosis
Chlamydia trachomatis
Nocardia asteroides
Enterobacter cloacae
Aeromonas hydrophila
Treponema pallidum
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TABLE 5.1. Continued

Nexgsgrenagong R

ccC

Staphylococcus aureus
Staphylococcus epidermidis

. Pseudomonas aeruginosa

Proteus mirabilis
Haemophilus influenzae
Peptostreptococcus
Streptococcus viridans
Gamma streptococcus
Diphtheroids
Klebsiella

Moraxella
Mononucleosis

S. pneumoniae
Escherichia coli

N. gonorrhea

N. catarrhalis

. Trachoma
. Leprosy

Tuberculosis

2. Viral

a.

b.

an

un

»HE e

d
e
f.
8.
h.
i.
j
4. Pa
a.

b.
c.

Herpes simplex virus
Herpes zoster virus

i.  Varicella
Smallpox
Adenovirus

Vaccinia virus
Epstein-Barr virus
Human papillomavirus
gal

Aspergillus sp.

i. A. fumigatus

ii. A. niger

Candida sp.

i. C.albicans

ii. C. parapsilosis
Pityrosporum sp.

a. P.orbiculare

b. P. pachydermatis

Rhinosporidium seeberi
Sporothrix schenckii
Streptomyces somaliensis
Trichophyton rubrum
Cephalosporiosis
Blastomycosis
Cryptococcosis

rasitic

Ascaris lumbricoides
Distoma felineum
Myiasis

Traumatic
1. Iatrogenic

a.

b.

HER e an

Punctal occlusion for dry eyes

After nasolacrimal duct probing with or without silicone
intubation

After canalicular repair with pigtail probe

After dacryocystorhinostomy

After conjunctivodacryocystorhinostomy

After transantral orbital decompression

After sinus surgery (conventional or endoscopic)

After rhinoplasty, rthinotomy, or other nasal surgery
After craniofacial surgery
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TABLE 5.1. Continued

2. Noniatrogenic

a.
b.
c.

Laceration of canaliculus

Laceration of lacrimal sac

Fractures involving nasolacrimal duct nasoethmoid fractures,
midfacial trauma

Mechanical
1. Internal

a.

me oo

2.

Sa

an

p.
q.

I.

eRECFTIFR D

Dacryolith

i. Idiopathic

ii. Eyelash nidus

iii. Epinephrine cast

iv. Quinacrine deposits

Migrated or retained medical device
1. Punctal plug

2. Veirs rod

3. Fragment of nasolacrimal probe
4. Modified myringotomy tube

5. Remnants of silicone tubing
Pellet (BB)

Canalicular cysts

Blood

xternal

Kissing puncta

Conjunctivochalasis; enlargement of the plica, semilunaris, and/
or caruncle

Mucocele

Migrated or malpositioned orbital floor or medial wall implants
after repair of orbital floor or medial wall fractures

Paget’s disease

Osteopetrosis

Rhinolith or other nasal foreign bodies

Suture stent after esophagocolostomy

Exudative rhinitis

Acute intranasal inflammation

Nasal mucosal edema

Lymphoid hyperplasia of the nasal cavity

Nasal malformations

Nasal polyps or polyposis

Systemic syndromes or dysmorphism that involve abnormalities
of facial development (clefting or malposition of the orbits or
midface)

Intranasal tumors

Impacted turbinate

Intranasal tumors

Source: Modified from Linberg JV, McCormick SA. Primary acquired nasolacrimal duct
obstruction: a clinicopathologic report and biopsy technique. Ophthalmology 1986;

93:1055-1062; and Bartley.>’

obstruction of the puncta, and in severe cases, it may cause foreign body
sensation and irritation that result from ocular surface exposure.

Obstruction may occur within either the upper or lower canaliculus
or in the common canaliculus. Causes of acquired canalicular obstruc-
tion include trauma and toxicity from medications (5-fluorouracil,
idoxuridine, phospholine iodide, eserine, etc.).
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Canalicular obstructions may be caused by chlamydial infections
(trachoma), viruses (herpes zoster, herpes simplex, chickenpox, and
smallpox), bacteria, or cicatrizing diseases (Stevens-Johnson syndrome
or pemphigoid).

Canalicular cyst presents as a bluish lump or a cyst-like swelling.
These cysts may arise after an episode of canaliculitis with an
ecstatic canalicular diverticulum, an encysted abscess, or chronic
canaliculitis.

Lacrimal Pump

The lacrimal pump is the mechanism that assists the tears in their
travels from the tear pool through the nasolacrimal duct system into
the interior meatus of the nose. The action of the pretarsal and pre-
septal orbicularis oculi produces the forces that drive the lacrimal
pump.

Patients with tearing whose nasolacrimal duct systems are patent to
syringing may have an incomplete anatomic obstruction or nonfunc-
tional segments of the lacrimal passage from prior episodes of dacryo-
cystitis, or an anatomically normal nasolacrimal duct system, but a
physiologic dysfunction of the eyelids, punctum, lacrimal pump, or a
lacrimal sac that drains poorly.

Lacrimal Sac and Duct

The mucosal lining of the nasolacrimal sac and duct excretes a range
of mucin materials, which may aid in the flow of tears and provide a
defense against microbes. Researchers have identified mRNA for a
variety of mucins in human lacrimal sacs and ducts.?

Inflammation, trauma, or congenital defect in the drainage system
may cause epiphora, dacryostenosis, and dacryocystitis. Inflammation
originating at the eye, conjunctival sac, diverticula of the lacrimal
system, or from the nose, infections or diseases of the nasal mucous
membrane or sinuses can induce swelling of the lacrimal system’s
mucous membranes, resulting in narrowing or occlusion of the naso-
lacrimal system from the epithelial changes and fibrosis of the lamina
propria.* The various mechanisms that cause inflammation result in a
secondary fibrosis that causes a narrowing of the nasolacrimal duct
system, and eventually, occlusion by scar tissue. The lacrimal sac and
duct undergo similar changes, as the pseudostratified, ciliated, colum-
nar epithelium undergoes squamous metaplasia and hyperplasia with
loss of goblet cells, and ulceration. The underlying mucosa develops a
secondary fibrosis. Basement membrane thickening may develop in
the nasal mucosa but not in the lacrimal sac. The inflammation may
cause a fibrosis of the lacrimal sac and the internal common punctum,
which may result in obstruction and, in postoperative cases, to failure
of dacryocystorhinostomies.’
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Several valves are present in the nasolacrimal duct system to prevent
the retrograde flow of tears. The most important valve clinically is the
valve of Hasner, located at the entrance of the nasolacrimal duct into
the inferior meatus, and frequently responsible for congenital naso-
lacrimal duct obstruction. The valve of Rosenmiiller is found at the
junction of the common canaliculus into the lacrimal sac. This valve
prevents retrograde flow of fluid from the sac into the canaliculi and
fornix. In episodes of dacryocystitis, this valve may swell closed even
more tightly. Tears and the infection cannot drain out of the sac into
the nose, or to the fornix. The valve of Rosenmiiller is not a true valve,
but an angulated entrance of the common canaliculus into the sac,
functioning as a valve.

Descending inflammation from the eye or ascending inflammation
from the nasal cavity may initiate swelling of the mucous membranes
of the nasolacrimal duct system, remodeling of the helical arrangement
of connective tissue fibers, malfunctions in the subepithelial cavernous
body with reactive hyperemia, and temporary occlusion of the naso-
lacrimal duct system. The submucosa is very vascular, cavernous in
structure, and rich in lymphatics, so that a slight infection, once estab-
lished, will settle. The constriction of the tissue within the bony canal
makes it obligatory that any swelling will lead to blockage. The sub-
mucosa of the nasolacrimal duct system surrounded by bone contains
arterioles with sphincters and cavernous vessel complexes, which can
cause swelling and approximation of the lumen according to the blood
flow. Repeated episodes of dacryocystitis will result in permanent
changes of the epithelial and subepithelial tissues; loss of goblet and
epithelial cells, which are important in the tear outflow mechanism;
fibrosis of the helical system of connective tissue fibers; and reduction
and destruction of the vascular plexus, leading to a malfunction of the
tear flow mechanism — all of which result in a vicious circle.® These
structural epithelial and subepithelial changes may lead either to a
total fibrous closure of the lumen of the nasolacrimal duct system or
to a nonfunctional segment that may cause chronic epiphora and dis-
charge, but be patent to irrigation.

Dacryocystitis has various causes, but the common end result is
complete obstruction of the nasolacrimal duct, resulting in stasis of tear
flow, leading to secondary infections, which may progress to mucocele,
pyocele-mucocele, chronic conjunctivitis, preseptal and orbital celluli-
tis, and abscess formation if left untreated, or if inadequately treated.
Gram-positive bacteria are the most common cause, but gram-negative
organisms should be suspected in patients with diabetes or who are
immunocompromised.

The lacrimal sac can be involved by inflammation, the most common
being nongranulomatous inflammation, granulomatous inflammation,
granulation tissue, lymphocytic infiltrate, inflammation and ulcer-
ations, and sarcoidosis. The epithelial lesions that involve the lacrimal
sac are inverted papilloma, papilloma, transitional cell carcinoma,
oncocytoma, granular cell tumor, carcinoma, and adenocarcinoma.
The nonepithelial lesions are lymphoma, lymphoplasmacytic infiltrate,
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plasmacytoma, and chronic lymphocytic leukemic. Infections that
involve the lacrimal sac can be secondary to fungus, Actinomyces, and
bacteria. The lacrimal sac can also be affected by dacryoliths, scarring,
foreign bodies, pyogenic granulomas, amyloid, orbital and midfacial
fractures, blood, trauma, and papillary hyperplasia.

Lacrimal diverticula, outpouchings of the canaliculi or the lacrimal
sac, are rare but may cause intermittent or permanent swelling near
the lacrimal sac. Most arise from the lateral sac wall, because this area
is only covered by the periorbita, offering little resistance to distention
of the sac. They may be congenital, inflammatory, result from prior
dacryocystitis, or be traumatic in origin. This communication may be
open or act as a one-way valve, becoming symptomatic, and may cause
epiphora, swelling, and/or dacryocystitis-like symptoms. Dacryoliths
may form inside the diverticulum.

Obstruction of the intraosseous segment of the nasolacrimal duct
may be secondary to trauma, chronic sinus disease, granulomatous
disease (Wegener’s granulomatosis, sarcoidosis, and lethal midline
granuloma), dacryocystitis, or involutional stenosis. Involutional ste-
nosis is probably the most common cause, seen more frequently in
older women.

Obstruction of the Nasal Portion of the Nasolacrimal Duct

Mechanical obstruction is frequently found with enlargement or flat-
tening of the inferior turbinate, which may almost obliterate the
anterior part of the meatus and may cause a local rhinitis. A deviated
septum may compress the inferior turbinate against the lateral nasal
wall.

Inflammatory conditions, chronic nasal catarrh, acute and suppura-
tive infections, may spread into the inferior portion of the nasolacrimal
duct, resulting in obstruction. Atrophic and destructive conditions of
the nasal mucosa may create a patulous ostium permitting extension
of the disease process upward and allowing the direct entrance of
infective secretion into the duct on blowing the nose.

Congestive and hypertrophic conditions of the mucosa, vasomotor
or inflammatory, may cause obstruction at or in the inferior portion of
the nasolacrimal duct, as well as a nasal polyp or neoplasm. Dacryo-
cystitis has also been reported after packing of the nose.

Intranasal pathology may affect the nasolacrimal duct. Intranasal
scarring with inferior turbinate adhesions that occur from trauma,
radiation therapy, surgical procedures, or nasal mucosal hypertrophy
from allergic rhinitis may cause obstruction of the duct.

Etiologic Causes

Infectious

The infectious causes of PANDO may be secondary to bacteria, viruses,
fungi, and parasites. Generalized infections are occasionally responsi-
ble for the onset of dacryocystitis, as seen with the occurrence of



Chapter 5. Acquired Etiologies of Lacrimal System Obstructions

inflammation during the course of influenza, scarlet fever, diphtheria,
chickenpox, smallpox, and tuberculosis.

The occurrence of acute dacryocystitis is dependent on the entry of
a virulent strain of an organism into the stagnant contents of a lacri-
mal sac where the nasolacrimal duct is obstructed. Chronic dacryo-
cystitis may be primary or secondary to an anatomic abnormality that
has led to tear flow stasis. Obstructed lacrimal duct systems are colo-
nized by increased numbers of pathogenic microorganisms. Some
cases of PANDO may be secondary to unrecognized low-grade dac-
ryocystitis. The organisms in the lacrimal sac may contribute to
inflammation and scarring and therefore to the obstruction and then
dacryocystitis. The microbiology of acute dacryocystitis has been
reported to be frequently secondary to species of staphylococcus,
streptococcus, pneumococcus, and Staphylococcus pyogenes, with mixed
infections being common. The most frequently cultured organisms
were S. epidermidis and S. aureus. The common gram-negative rods
include Pseudomonas aeruginosa, Proteus mirabilis, Enterobacter cloacae,
and Haemophilus influenzae. Frequently, in these studies, cultures were
interpreted from the cul-de-sac or from cases of chronic dacryocystitis
and therefore may not have accurately identified the causative organ-
ism. Studies have shown that there is not a significant correlation
between organisms cultured from the lacrimal sac to those obtained
from the conjunctiva and/or nose; therefore, the preoperative conjunc-
tival and/or nose cultures do not accurately predict the causative
organism of the dacryocystitis.”

The viruses of primary herpes simplex, herpes zoster, chickenpox,
smallpox, vaccinia, epidemic keratoconjunctivitis, and Epstein-Barr
viruses may cause inflammatory and cicatricial changes of the cana-
liculi, resulting in varying degrees of obstruction or occlusion. These
infections can extend beyond the stratified squamous epithelium to
involve the elastic tissue of the substantia propria rather than the cana-
licular epithelium alone, or because of the adherence of the raw sur-
faces caused by inflammation of the mucous membranes, resulting in
stenosis. Bacterial infections do not frequently affect the elastic layer.
During the first few weeks of these viral infections, the mucosal epi-
thelium is edematous, causing a stenosis that will still be able to be
probed. The cicatrization that occurs over the next several weeks to
months generally causes an obstruction that involves the mid-zone or
distal portions of the superior and inferior canaliculi, but occasionally
may cause punctal occlusion. Early recognition, probing, and intuba-
tion when indicated can prevent permanent canalicular obstruction
and the need for a conjunctivodacryocystorhinostomy.

Infectious mononucleosis, mumps, Nicolas-Favre lymphogranulo-
matosis, trachoma, Stevens-Johnson syndrome, and pemphigus may
cause dacryostenosis.

Dacryocystitis has been reported to result from infections with
several species of mycobacteria: Mycobacterium fortuitum, M. leprae, and
M. tuberculosis.

Chlamydia trachomatis has been reported to cause punctal occlu-
sion, canalicular scarring, and nasolacrimal duct obstruction.
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Other bacteria associated with lacrimal drainage obstruction include
Nocardia asteroides, E. cloacae, Aeromonas hydrophila, Treponema pallidum,
and S. aureus.

Fungi generally occlude the lacrimal drainage system by the forma-
tion of stone or cast. Aspergillus fumigatus, A. niger, Candida albicans,
C. parapsilosis, Pityrosporum orbiculare, P. pachydermatis, S. somaliensis,
Actinomyces, and Trichophyton rubrum may cause lacrimal stones or
casts.

Parasitic obstruction is unusual, but has been reported with the
nematode Ascaris lumbricoides. The worm gains entrance to the naso-
lacrimal system through the valve of Hasner and then emerges from
the punctum.

Verruca vulgaris and viruses may cause a bloody epiphora when
they involve the punctum or canaliculus.

Nocardia, sporotrichosis, rhinosporidiosis, cephalosporiosis, Pseudo-
monas, Candida, Aspergillus, which is commonly associated with other
bacteria, H. influenzae, Treponema vincentii, Rhinosporidium seeberi, Sporo-
thrix fungus, as well as Treponema, and tuberculosis, have been reported
to cause dacryocystitis.

Actinomyces, previously named Streptothrix israelii, an obligate para-
site whose only host is humans, causes a canalicular obstruction and
inflammation. Actinomyces israelii is a gram-positive aerotolerant rod
with true branching, which causes inflammation rather than a block-
age of the lacrimal duct. Most cases of canaliculitis are unilateral.
Actinomyces organisms are sensitive to penicillin, but topical antibiotic
therapy is usually ineffective without mechanical expression or surgi-
cal removal of the canalicular stones.

Dacryoliths are typically yellow or white, “sulfur granules” and are
frequently secondary to Actinomyces organisms, but may occasionally
be seen in infections secondary to Nocardia, Streptomyces, and Staphylo-
coccus. Shed epithelial cells, amorphous debris, and lipids with or
without calcium can form casts within the lacrimal sac, which can
lead to obstruction. In addition to the above, casts have been reported
to form from the oxidation products of long-term topical epinephrine
use.

Canaliculitis

Canaliculitis may be caused by a variety of bacterial, viral, chlamydial,
or mycotic organisms. A. israelii is a filamentous gram-positive rod
that is reported as one of the most common causes. Propionibacterium
propionicum — formerly Arachnia propionica — is gram-positive and has a
branching, rod-shaped morphology. It is facultatively anaerobic; carbon
dioxide is not necessary for growth, unlike with Actinomyces. Fusobac-
terium, A. israelii, and Bacteroides have also been cultured from cases of
canaliculitis.

A. Meyeri is principally found in the periodontal sulcus, is an un-
common pathogen, is nonfilamentous, branching, may be difficult to
demonstrate, and can cause canaliculitis.

Fungi generally occlude the lacrimal drainage system by the for-
mation of stone or cast, which can be seen with A. fumigatus, A. niger,
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C. albicans, C. parapsilosis, P. orbiculare, P. pachydermatis, S. somaliensis,
Actinomyces, and T. rubrum.

Inflammatory

Inflammation caused by numerous diseases may cause narrowing or
obstruction of the nasolacrimal system.

Endogenous Origin

Granulomatous diseases can occasionally produce a mass within the
lacrimal sac, as seen with extraorbital manifestations of idiopathic
orbital inflammatory syndrome (idiopathic inflammatory pseudotu-
mor) and sarcoidosis. In patients with sarcoidosis, and the other inflam-
matory diseases, initially successful dacryocystorhinostomy has an
increased incidence of late failure caused by the progression of the
inflammation in the nasal and lacrimal sac mucosa.

Wegener’s granulomatosis, a vasculitis that classically involves the
triad of the upper respiratory tract, the lungs, and the kidneys, may
cause obstruction of the nasolacrimal system. Nasolacrimal obstruc-
tion is typically associated with advanced nasal disease, late in the
disease process. This obstruction is frequently secondary to contiguous
nasal disease, but may also be secondary to a vasculitis of the lacrimal
sac mucosa. Treatment of the nasolacrimal obstruction should be
deferred until the inflammation is quiescent, if possible. Other forms
of vasculitis may cause similar obstructions of the nasolacrimal duct
system.

Cicatricial pemphigoid and Stevens-Johnson syndrome may cause
nasolacrimal obstruction with advanced disease.

Sinus histiocytosis, a benign disease of unknown etiology, which
may be related to an allergy or an immunologic abnormality of histio-
cytes, Kawasaki’s disease (mucocutaneous lymph node syndrome),
thyroid disease, and Sjogren’s syndrome may cause nasolacrimal
obstruction.

Punctal stenosis may occasionally occur spontaneously. The punctum
may become stenotic with cicatricial diseases affecting the eyelid
margin. Chronic punctal eversion may also result in stenosis of the
puncta. Obstruction of the proximal sac or common canaliculus has
been reported with epidermodysplasia verruciformis, ichthyosis,
scleroderma, and the sclerodermoid variant of porphyria cutanea
tarda. Lower lid ectropion, which often has an inflammatory or cica-
tricial component, and may be associated systemic diseases, has been
reported occasionally to be associated with dacryostenosis.®

Lichen planus, an immune-mediated skin and mucosal disease
similar to pemphigoid, may cause lacrimal stenosis and obstruction.
There is a cell-mediated reaction at the level of the epithelial basement
membrane. This may also cause a cicatrizing conjunctivitis with short-
ening of the fornices, symblepharon formation, and a keratitis.

Exogenous Factors
It is important to remove all remnants of silicone tubing from the lac-
rimal system to prevent secondary obstruction caused by inflamma-
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tory masses, because the mucosal surfaces are prone to the development
of granulation tissue, pyogenic granuloma and true granulomas, and
nongranulomatous reactions to the silicone tube may occasionally
occur.

Ocular and periocular disorders, such as atopic disease, sinus and
nasal inflammations, exudative rhinitis, and allergies, may develop
into nasolacrimal stenosis and obstruction.

Allergic conjunctivitis in patients who chronically rub their eyes can
cause an intermittent allergic obstruction at the level of the puncta,
canaliculus or lacrimal sac, which may progress to a permanent
occlusion.

Tumors (Neoplastic)

The insidious nature of lacrimal sac tumors may present as dacryoste-
nosis or dacryocystitis. The mass is usually above the medial canthal
tendon. The position of the medial canthal tendon does not frequently
allow distention of the sac by fluid, or distention from dacryocystitis
superior to the tendon. A tumor within the sac can create a mass effect
above the tendon. Therefore, any distention of the lacrimal sac superior
to the medial canthal tendon should be considered to be a tumor until
proven otherwise. The dacryocystitis symptoms produced may differ
from other causes of dacryocystitis, in that the irrigation fluid may pass
into the nose or blood may reflux from the punctum, other factors may
be telangiectasia and regional lymphadenopathy. Intermittent epiph-
ora, sanguineous discharge, or an irreducible mass should always lead
one to suspect a lacrimal sac tumor.

Approximately 45% of lacrimal sac tumors are benign and 55% are
malignant. There have been cases reported in which the initial symp-
toms of epiphora, or dacryocystitis were found at surgery to be second-
ary to tumors. Squamous cell papillomas and carcinomas are the most
common. Many papillomas initially grow in an inverted pattern into
the lacrimal sac wall and therefore are often incompletely excised.
Recurrence and malignant degeneration can occur.

Primary tumors of the nasolacrimal duct system are uncommon, but
can arise from within the puncta, canaliculi, lacrimal sac, nasolacrimal
duct, or about its entrance into the nasal cavity, at the valve of Hasner.
The epithelial tumors account for 75% of the lacrimal sac tumors, and
the nonepithelial tumors for 25%, which include mesenchymal tumors,
melanoma, malignant lymphomas, and leukemia, particularly in older
patients with chronic lymphocytic leukemia. Secondary tumors and
metastatic lesions can infiltrate or compress the nasolacrimal system,
resulting in symptoms of dacryostenosis and dacryocystitis that are
much more common than primary tumors. The secondary tumors
include adenoid cystic carcinoma, basal cell carcinoma, capillary
hemangioma, esthesioneuroblastoma, fibrous dysplasia, fibrosarcoma,
intraosseous cavernous hemangioma, leukemia, lymphoma, lympho-
matous diseases, mucoepidermoid carcinoma, osteomas, conjunctival
papillomas, inverted papillomas, sebaceous gland carcinoma, squa-
mous cell carcinoma, and rhabdomyosarcoma.
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The most common primary tumors of the nasolacrimal system of
epithelial origin are papillomas and squamous cell carcinomas. Less
frequent ones are adenoid cystic carcinoma, angiofibroma, angiosar-
coma, cavernous hemangioma, dermoid cyst, fibroma, fibrous histiocy-
toma, hemangioendothelioma, hemangiopericytoma, lacrimal sac cyst,
lymphoma, melanoma, mucoepidermoid carcinoma, neurofibroma,
neurilemoma, oncocytic adenoma, oncocytic adenocarcinoma, pleo-
morphic adenoma, dermatofibrosarcoma protuberans, neurilemoma,
adenocanthoma, and more often involve the lacrimal sac. Schwannoma,
fibrous histiocytoma, leukemia, and granulocytic sarcoma may infil-
trate the lacrimal sac.

The most common neoplasms of the lacrimal sac are epithelial
tumors. The most common benign epithelial tumor is a papilloma.
Papillomas exhibit epithelial papillomatosis and acanthosis, and an
inflammatory papilloma exhibits granulomatous tissue. Inverted pap-
illomas can arise de novo in the lacrimal sac or more frequently from
an extension of the lateral aspect of the nasal cavity or maxillary sinus.
The lesion is not malignant but has a high recurrence rate. Metaplastic
transformation to squamous cell carcinoma occurs in 10%-15% of
cases, and therefore should be treated as a malignant lesion. The other
forms of lacrimal sac epithelial carcinomas are less common. These
include adenocarcinoma and epidermoid carcinoma. Mucoepidermoid
carcinoma is a very aggressive cancer but is also rare.

The surrounding vascular plexus, which is in a system of collagen
bundles, elastic, and reticular fibers arranged in a helical pattern, and
the mucosa of the nasolacrimal duct system may be an area where
leukemic or lymphomatous tumors may form primary or metastatically
from hematologic spread because of their mucosal-associated lymphoid
tissue; and frequently occur the tumors more in the middle-aged or
elderly. Epiphora will often be the first complaint, before a mass devel-
ops or dacryocystitis occurs, and the system may remain patent to
probing and irrigation. These lesions usually respond to local irradia-
tion, stenting of the nasolacrimal duct system, and/or chemotherapy.

Lymphoproliferative diseases may involve the nasolacrimal system
leading to epiphora, acute or chronic dacryocystitis. They are the
second most common type of tumor causing nasolacrimal obstruction.
Lymphomas are more frequent than benign lymphoproliferative
lesions. Lymphosarcomas, reticulum cell carcinomas, and Hodgkin’s
disease have been reported to occur in the lacrimal sac.

The most frequent secondary tumors are eyelid lesions, particularly
basal cell carcinoma, then squamous cell carcinoma, and less fre-
quently, sebaceous cell carcinoma, which can involve the medial canthal
region and the nasolacrimal duct system or can cause pressure and
compression and the resultant dacryostenosis and dacryocystitis. The
most frequent maxillary sinus lesion is squamous cell carcinoma. The
most common lesions arising from the nasopharynx are lymphoma-
tous and squamous cell carcinomas. Metastatic disease as a cause of
dacryostenosis and/or dacryocystitis is very rare; lymphoma is the
most common, but cases secondary to prostate carcinoma, breast car-
cinoma, and malignant melanoma have been reported.’
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Both benign and malignant tumors of mesenchymal elements, capil-
lary and cavernous hemangiomas, and hemangiopericytomas have
been reported to involve the lacrimal sac. Melanomas, neurilemoma,
plexiform neuroma, and osteoma can involve the lacrimal sac both
intrinsically and extrinsically. Fibromas, Kaposi’s sarcoma, and other
sarcomas can rarely involve the lacrimal sac.

Sinus tumors invade the orbit and nasolacrimal duct system and can
be benign or malignant. The benign lesions include inverted papillo-
mas, osteomas, juvenile angiofibromas, and neuroectodermal tumors.
Inverted papilloma is the second most common lesion that invades the
orbit after squamous cell carcinoma. Inverted papillomas can arise
from the lateral nasal wall or the mucosa of the ethmoidal sinus. Muco-
celes of the paranasal sinuses can invade the orbit and cause nasolac-
rimal obstruction. Squamous cell carcinoma, adenocarcinoma, adenoid
cystic carcinoma, esthesioneuroblastoma, lymphoma, and melanoma
can occur in the paranasal sinus and rare tumors of the odontogenic
tumors, which include ameloblastoma and ameloblastic fibrosarcoma,
as well as fibrosarcoma, chondrosarcoma, sinus glioblastomas multi-
forme, and mucoepidermoid carcinoma and may cause dacryostenosis.
The most frequent sinus tumor is squamous cell carcinoma of the
maxillary sinus, then lymphomas, adenocarcinoma, adenoid cystic
carcinoma, transitional cell carcinoma, olfactory neuroblastoma, osteo-
blastoma, and malignant histiocytosis.

When neoplasms are excised in the medial canthal area, complete
resection must be performed and histopathologically controlled (frozen
borders or Mohs technique). This includes any portion of the nasolac-
rimal system involved. The canaliculi may be marsupialized, but
dacryocystorhinostomy or canaliculodacryocystorhinostomy should
be delayed for 5 or more years to ensure that there are no recurrences
and to decrease the morbidity and mortality.

Traumatic

Thermal or chemical burns may cause inflammation, dacryostenosis,
and obstruction. Blunt trauma or lacerations usually damage the cana-
liculus, the lacrimal sac, or the nasolacrimal duct. The dense fibrous
tissue of the tarsus is much stronger than the medial canalicular
portion of the eyelid; therefore, any tractional force along the eyelid
margin can result in avulsion of the medial eyelid with canalicular
involvement. All canalicular lacerations should be repaired within
1 day of the injury, to prevent scarring and epithelialization of the
wound.

Midfacial trauma and the resultant facial fractures frequently involve
the bone about the lacrimal sac fossa, and/or nasolacrimal ducts,
leading to obstruction of the nasolacrimal system. Fractures involving
the distal portions of the nasolacrimal duct include the midface frac-
tures of naso-orbital, LeFort II, and LeFort III fractures. It is always
important to consider and evaluate the patient for involvement of the
nasolacrimal duct with these types of fractures rather than waiting for
the patient to present with epiphora and/or dacryocystitis. Even if lac-
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rimal irrigation is easy and disappearance of fluorescein dye normal,
only lacrimal duct probing can identify and define the extent of injury
in these cases, because the fluid may pass into the nose through bony
and membranous defects. Direct repair of these injuries is not possible,
but stent placement will help to promote patency. Prophylactic intuba-
tion with silicone tubing should be considered to prevent this occlusion
when indicated. Bony fractures may also initiate an inflammatory and
cicatrizing reaction that may result in nasolacrimal duct obstructions
shortly after or years after the injury.

Iatrogenic Obstruction

Dacryostenosis and obstruction may result from many procedures,
such as repeated and traumatic probing of the canalicular system. Poor
technique in the probing of the nasolacrimal ducts may cause the
creation of a false passage and subsequent scarring of the lacrimal
drainage system.

The pigtail probe has frequently been reported to cause iatrogenic
damage to the nasolacrimal duct system, and many consider it to be a
potentially harmful device. There have been reported cases of treat-
ment of a single canalicular laceration, or congenital agenesis of only
one punctum/canaliculus with the pigtail probe that resulted in
obstruction of both canaliculi, which will then commit the patient to a
conjunctivodacryocystorhinostomy.

Cheese wiring of silicone intubation tubes through the puncta, as
well as nasal migration with complete healing of the eroded puncta
and canaliculus, can occur. The erosion of the punctocanaliculi may
also be the result of chronic irritation by the tubes, or tubes that were
placed under tension. The tubes may be colonized with bacteria, includ-
ing atypical Mycobacterium.

Punctal occlusion, which is frequently performed for the treatment
of dry eye syndrome, keratoconjunctivitis sicca, may subsequently
cause epiphora in a few patients, and may less frequently cause dac-
ryocystitis. Partial or complete dacryostenosis, pyogenic granulomas,
intracanalicular migration, and canaliculitis have been reported after
the placement of permanent punctal plugs.

Collared punctal plugs are designed to be removable, but there have
been rare cases of these plugs fracturing during removal, with migra-
tion of the remainder of the plug into the lacrimal system. The intra-
canalicular plugs have been noted to cause pyogenic granulomas,
indicating that they are associated with an inflammatory process that
disrupts the normal cellular functions and can cause a fibrosis and
reactive mass. They have also been hypothesized to facilitate the over-
growth of bacteria and a chronic canaliculitis that can result in cana-
licular obstruction which may erode through the canalicular mucosa,
resulting in synechia, symptomatic lacrimal stenosis, or even the for-
mation of fistula."”

Intracanalicular plugs used for the treatment of dry eye syndrome,
which are implanted in the horizontal canaliculus, may be difficult to
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remove and may be associated with significant lacrimal complications.
It may be difficult to irrigate these intracanalicular plugs through the
nasolacrimal system. Irrigation does not reliably flush these intracana-
licular plugs from the nasolacrimal system. The collarless intracanalic-
ular plugs theoretically can be flushed through the nasolacrimal system
but are not recovered from the nose. Therefore, successful removal
cannot be objectively documented. Their retention may act as a nidus
for infection, inflammation, epiphora, canaliculitis, and eventually
obstruction of the nasolacrimal duct system, with dacryocystitis. Distal
migration of the plugs may require complicated canalicular surgery,
dacryocystorhinostomy, or conjunctivodacryocystorhinostomy.

Herrick plugs may cause irreversible chronic adverse reactions with
persistent inflammation and epiphora. They may cause destruction of
the normal canalicular architecture, proliferative tissue reaction, peri-
canalicular fibrosis, granulomatous tissue, pyogenic granuloma, giant
cells reaction, canaliculitis, dacryocystitis, and lymphocytic infiltra-
tion. This reaction will cause chronic epiphora and canaliculitis.

Dacryostenosis may occur after a dacryocystorhinostomy as a result
of new or persistent stenosis at the common internal punctum or of an
improperly fashioned osteotomy. Dacryocystorhinostomy failure may
be the result of retained stenting material. Migrated medial or orbital
floor implants, or poorly placed or secured medial or orbital floor
implants, may cause an external compression or occlusion of the naso-
lacrimal sac and/or duct.

Transantral orbital decompression has been reported to cause
obstruction of the nasolacrimal duct system, possible secondary to
delayed scarring around the nasoantral window. Dacryostenosis and
obstruction has been reported as a complication of nasal operations,
paranasal sinus surgery, both endoscopic and conventional external
procedures, and craniofacial procedures.

Nasoantral window procedures are generally placed at the most
anterior—inferior portion of the maxillary sinus. If they are placed too
high or too posterior, or if the nasolacrimal duct is in an anomalous
position, damage to the duct may occur. The Ogura procedure of orbital
decompression that removes the medial and floor of the orbital, through
an antrostomy, may also cause damage to the lacrimal duct.

Mechanical

Mechanical compression or blockage of the nasolacrimal duct system
can result from external compression or occlusion of the system from
an intraluminal foreign body, hematoma, or stone. Direct occlusion or
external compression may impede or block the canaliculi or nasolacri-
mal duct.

The most common cause of internal mechanical obstruction is dac-
ryoliths. Some are secondary to fungal infections, but frequently the
cause is indeterminate. There are cases reported in which an eyelash
served as a nidus for formation of the dacryoliths. Others have postu-
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lated that metabolic factors such as high calcium and phosphate levels
within an obstructed lacrimal system may contribute to the formation
of dacryoliths. Various medications, epinephrine, and quinacrine have
been reported to contribute to the formation of casts of the nasolacri-
mal ducts.

The foreign bodies that may cause internal mechanical obstruction
are generally migrated or retained medical devices, such as punctal
plugs, or incompletely removed silicone tubing. Rarely, intranasal
bleeding can cause a hematoma of the lacrimal sac and duct.

External factors may cause a mechanical obstruction of the lacrimal
system. Opposing superior and inferior puncti may cause a proximal
obstruction, as in ptosis. Redundancy of the bulbar conjunctiva, con-
junctivochalasis, may cause a mechanical obstruction, epiphora, or
foreign body sensation. Excision of an ellipse of the redundant
conjunctiva is often curative.

Masses arising from the paranasal sinuses, nasal polyps, mucoceles,
mucopyoceles, nasal mucosal edema, lymphoid hyperplasia of the
nasal cavity, exudative rhinitis, or tumors may cause an external com-
press of the lacrimal sac or duct. Nasal mucosal edema and mucopu-
rulent exudates may lead to obstruction of the nasolacrimal duct at
the intranasal ostium, valve of Hasner. Allergic, viral, or bacterial
pharyngitis and rhinitis can produce sufficient nasal mucosal edema,
lymphoid hyperplasia, and exudates to result in obstruction of the
nasolacrimal duct and progression to a dacryocystitis.

Lacrimal sac cysts, dacryops, are congenital or traumatic in origin.
They grow slowly, and may present as a painless epiphora or
dacryocystitis.

Maxillary sinus cysts, antral mucoceles, retention cysts, pseudocysts,
dentigerous cysts and keratocysts, ameloblastoma, ossifying fibroma,
giant cell granuloma, and cholesteatoma, may rarely lead to nasolacri-
mal obstruction.

Nasal malformations, systemic syndromes, or dysmorphisms that
involve abnormalities of facial development, such as clefting or mal-
position of the orbits or midface, can be associated with maldevelop-
ment of the nasolacrimal duct system. Patients with the centurion
syndrome have an anterior displacement of the medial canthal tendon,
a prominent nasal bridge, and displacement of the punctum away from
the tear pool, resulting in epiphora.

Paget’s disease and osteopetrosis have been reported as causes of
acquired nasolacrimal obstruction." Sarcoid granuloma, oncocytoma,
rhinoliths, and nasal foreign bodies in the inferior meatus can cause a
mechanical obstruction of the nasolacrimal duct system at the valve of
Hasner.

A retrospective study of 377 dacryocystorhinostomy specimens
demonstrated nongranulomatous inflammation (321, 85.1%), granulo-
matous inflammation consistent with sarcoidosis (8, 2.1%), lymphoma
(7, 1.9%), papilloma (4, 1.11%), lymphoplasmacytic infiltrate (4, 1.1%),
transitional cell carcinoma (2, 0.5%), and single cases of adenocarci-
noma, undifferentiated carcinoma, granular cell tumor, plasmacytoma,
and leukemic infiltrate. Neoplasms resulting in chronic nasolacrimal
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duct obstruction occurred in 4.6% of cases and were unsuspected
before surgery in 2.1% of patients."

Punctal eversion, ectropion, or facial palsy may also impair the lac-
rimal pump action.

Medications

Acquired dacryostenosis may result from the use of antiviral, anti-
glaucoma, or systemic chemotherapeutic medications. The most
common cause of iatrogenic punctal or canalicular stenosis and occlu-
sion is ophthalmic medications. Idoxuridine, vidarabine, trifluridine,
acyclovir, demecarium, echothiophate, isoflurophate, adenine arabino-
side, furmethide, floxuridine, fluorouracil, neostigmine, physostigmine,
epinephrine, pilocarpine, quinacrine, silver preparations, and thio-
tepa, have been most frequently associated with dacryostenosis and
occlusion.

Idoxuridine, trifluridine, and adenine arabinoside generally cause
occlusion of the punctum, rather than the mid-zone of the canaliculi
as seen from viral infections. The punctal stenosis that occurs from
antiviral toxicity will frequently reverse on discontinuation of the
medication early on. The antiglaucoma medication may cause a cica-
tricial conjunctivitis that may be similar to, and indistinguishable from,
cicatricial pemphigoid.

Chronic topical epinephrine may affect the vascular plexus of the
nasolacrimal duct system. This specialized vascular system permits
opening and closing of the lumen of the lacrimal passage, effected by
the bulging and subsiding of the vascular system, which can regulate
tear outflow.”® Frequent topical cyclopentolate hydrochloride has been
reported to cause dacryostenosis.

The systemic use of some antineoplastic agents, such as 5-
fluorouracil and docetaxel has been reported to cause punctal and
canalicular stenosis and occlusion with epiphora."

Systemic 5-fluorouracil, a pyrimidine analog that blocks the enzyme
thymidylate synthetase and docetaxel can cause obstruction of the
nasolacrimal system, punctal and canalicular stenosis and obstruction.
5-fluorouracil may also cause lacrimation, conjunctivitis, blepharitis,
keratitis, blurred vision, pain, ankyloblepharon, and cicatricial ectro-
pion. It may cause an inflammatory response in mucosal membranes,
as evident by conjunctivitis, as well as oral and gastrointestinal inflam-
mation. The inflammation and fibrosis of the lacrimal drainage system
causes extensive fibrous adhesions that obstruct the canaliculi and
lacrimal sac.® These drugs and similar ones cause damage to the
mucosal lining, which occasionally may cause permanent damage to
the lacrimal system.

Docetaxel is an effective chemotherapeutic agent for advanced breast
cancer and other common malignancies in the antineoplastic class of
taxanes. Epiphora and permanent canalicular stenosis can occur in up
to 50% of patients receiving weekly docetaxel and to a lower percent-
age in patients receiving docetaxel every 3 weeks. Chronic inflamma-
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tion and extensive fibrotic changes have been demonstrated in the
stroma of the lacrimal sac and the nasal mucosa. In advanced cases,
this occlusion is not reversible. The mechanism of canalicular stenosis
may be secondary to secretion of docetaxel in the tear film and fibrosis
of the canaliculi from direct contact, or the mucous membrane lining
of the puncta and canaliculi develop a fibrosis secondary to the sys-
temic effects of the drug, similar to the widespread edema and fibrosis
seen elsewhere in the body. Patients receiving docetaxel should be
screened for epiphora and canalicular stenosis, and should receive
treatment in the form of silicone intubation to prevent the need for a
conjunctivodacryocystorhinostomy.”® With the newer regimens that
use lower doses of the drug for shorter periods than in the past, lacri-
mal stenosis and occlusion should be less frequent.

Radiation

External radiation in the treatment of neoplasia can cause inflam-
mation of the lacrimal drainage system, stenosis, and occlusion. The
reported dose in the literature has varied greatly, and it has been
reported to occur in a case receiving as little as 1,800rad (cGy). Other
reports state that the lacrimal passages are relatively immune to radia-
tion therapy until significantly higher doses are delivered. It has been
hypothesized that the epiphora probably results from a combination
of anatomic lacrimal obstruction, conjunctival epithelial alterations,
damage to conjunctival epithelial cells, and damage to conjunctival
goblet cells and glands. It is recommended that intubation be consid-
ered in patients undergoing radiation for medial canthal tumors.
Topical corticosteroids may also be useful in preventing punctal
stenosis.”

Cobalt and iridium brachytherapy have been reported to cause
severe dermatitis and lacrimal drainage stenosis. Lovato etal.” reported
a prospective study in which 11 of 12 patients that had prophylactic
nasolacrimal intubation with silicone tubing maintained lacrimal duct
patency, whereas 10 of 12 patients who did not receive prophylactic sili-
cone intubation developed punctal occlusion after helium ion therapy
for uveal melanoma.

Radioiodine ablation, I'"! therapy for thyroid carcinoma at cumula-
tive activities of 150 mCi of I or more, may produce clinically signifi-
cant nasolacrimal drainage system obstructions in 4.6% of patients.
The areas of obstruction involved the nasolacrimal duct, common can-
aliculus, and rarely, the superior and inferior canaliculi. The mecha-
nism of the dacryostenosis may be a contribution of local toxicity from
direct radiation injury from the passive flow of radioactive tears and/or
active uptake and concentration of I in the nasolacrimal drainage
tissues from the blood by the sodium/iodide symporter, the same
iodine uptake mechanism used by the thyroid gland. This increased
incidence of dacryostenosis and obstruction is likely to be dose-related.
Symptomatic patients should receive early evaluation and treatment,
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possibly with silicone tube placement, because once complete obstruc-
tion has developed, it has proven to be difficult to manage."

It is hoped that these classification systems will be useful in the
evaluation and treatment of nasolacrimal disorders. Determination of
the location of the stenosis or occlusion, and the etiologic classification
system presented above, provide a useful mechanism in the formula-
tion of a differential diagnosis and help to develop the appropriate
evaluation and treatment plan for each individual patient. These divi-
sions may not be completely isolated; there will be cases that overlap;
and there are some diseases and/or clinical situations that have not
been included in this review.
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Patients with insufficient lacrimal drainage may present to the oph-
thalmologist with a complaint of tearing. This tearing may be unilat-
eral or bilateral, intermittent or constant, isolated or associated with
other ocular symptoms. Tearing may cause blurred vision, problems
with contact lens wear, or annoyance with tears flowing down the
cheek. Patients may also complain of a buildup of mucopurulent
material in the medial canthus, leading to mattering of the eyes.

To correctly identify and treat the cause of tearing, it is helpful to
first differentiate between hyperlacrimation (tear overproduction) and
epiphora (decreased tear outflow).

Hyperlacrimation may be attributable to a variety of causes and
must be ruled out before addressing any potential outflow problems.
Causes of hyperlacrimation, listed in Table 6.1, include the general cat-
egories of supranuclear and infranuclear etiologies, reflex lacrimation,
and direct lacrimal gland stimulation."”

Epiphora may be caused by problems at any point along the lacrimal
outflow apparatus: punctum, canaliculus, lacrimal sac, lacrimal pump,
nasolacrimal duct, and the valve of Hasner at the nasal opening of the
nasolacrimal duct. Specific problems involving these areas are listed
in Table 6.2.

History

When evaluating any patient presenting with a complaint of tearing,
one should begin with a simple history and a clear understanding of
the presenting complaint (Figure 6.1). Does the patient complain of
“watery eyes” or of tears actually flowing down the cheek? One should
inquire about the severity, duration, and frequency of the tearing,
as well as any association with certain activities or conditions. The
patient’s ocular history, such as previous eye surgery, trauma, or topical
medications used may provide clues to arriving at a diagnosis. Any
associated symptoms that may assist in the diagnosis should also be
elucidated. For instance, many older people with macular degeneration
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TABLE 6.1. Causes of hyperlacrimation.

Supranuclear etiologies
Emotional distress
Central nervous system disorders

Infranuclear etiologies
Aberrant regeneration
Cerebellopontine angle tumors

Reflex lacrimation
Keratoconjunctivitis
Tear film abnormality

Direct lacrimal gland stimulation
Inflammation
Tumor

complain of “watery eyes,” referring to the visual distortion they
experience.

A patient who complains of chronic or intermittent irritation or who
describes a burning or gritty feeling would likely have a tear film
abnormality, such as meibomian gland dysfunction or keratoconjunc-
tivitis sicca. A complaint of severe itching or a seasonal nature of the
symptoms would suggest an allergic component. Presence of crusting
or mucus may suggest meibomian gland dysfunction, allergy, or bleph-
aritis. Purulence should cause one to consider nasolacrimal obstruction

TABLE 6.2. Causes of epiphora.

Punctal abnormalities
Stenosis
Ectropion

Lacrimal pump dysfunction
Orbicularis oculi weakness
Eyelid laxity
Eyelid retraction

Canalicular stenosis
Trauma
Canaliculitis
Topical medications
Chemotherapeutic agents
Herpetic disease

Lacrimal sac pathology
Dacryocystitis
Dacryoliths (Figure 6.4)
Neoplastic

Nasolacrimal duct obstruction
Involution
Traumatic
Neoplastic

Nasal disease
Allergy
Sinusitis
Neoplastic
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FIGURE 6.1. General approach to evaluation of a patient with excess tearing.

with dacryocystitis or conjunctivitis, whereas tearing in the presence
of pain may suggest a dacryolith as the etiology.

Unilateral tearing would more likely be caused by a local irritant or
lacrimal obstruction, although these conditions can occur in a bilateral
manner. Bilateral tearing would be more consistent with allergy or a
tear film abnormality. Punctal malposition or a dysfunctional lacrimal
pump could present either unilaterally or bilaterally, depending on the
etiology.

Ocular trauma can lead to tear film abnormalities, eyelid malposi-
tion, or lacrimal outflow obstruction. Chronic use of topical medica-
tions, such as pilocarpine, phospholine iodide, and idoxuridine, can
result in punctal or canalicular stenosis.

Clinical Examination

The evaluation should begin by examining the eyelids and periocular
structures. Any irregularity, swelling, or evidence of trauma should be
noted. Close attention should be given to the medial canthal region for
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focal swelling or erythema overlying the nasolacrimal sac, which
would suggest dacryocystitis. In addition, any facial adenopathy
should be noted, which may herald an undiagnosed head and neck
malignancy.

One should assess for lid position and proper apposition against
the globe. Inferior scleral show, lid retraction, entropion, or ectropion
should be noted. Lid tone can be assessed with the distraction test,
whereby the lower lid is pulled away from the globe. A normal
distance for this test is less than 8mm. Resiliency can be assessed
with the snapback test, in which the lower lid is pulled downward and
let go, allowing the lid to snap back against the globe in the normal
eye (Figure 6.2). Abnormalities on any of these tests would suggest
lacrimal pump dysfunction as an etiology. Orbicularis strength should
be evaluated as well, because it also contributes to lacrimal pump
function. One should ask the patient to gently close the lids and
observe for lagophthalmos, which may lead to keratopathy-induced
tearing.

FIGURE 6.2. Snapback test. After inferior traction is applied to the lower lid
(A), it does not properly snap back against the globe when released (B) in this
patient with lid laxity.
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At the slit lamp, one should evaluate the puncta for patency and
proper apposition against the globe. The lids should be further evalu-
ated for meibomian gland inspissations and stigmata of blepharitis,
and the quality and adequacy of the tear film should be noted. One
should examine for trichiasis and associated keratopathy. Other corneal
irregularities, defects, or keratitis, as well as conjunctival injection or
a papillary reaction should be noted.

Schirmer I testing to measure total tear production can be performed
by placing a filter paper strip around the lower lid margin and check-
ing the length of wetting of the strip after 5 minutes. Alternatively, a
reading at 1 minute can be multiplied by 3 as estimation. Normal
wetting is greater than 10-15mm. Schirmer II testing, which involves
stimulation of the nasal mucosa after placing similar strips on the lids,
can be used to further evaluate the reflex arc for tear production. Basal
secretory rate can then be tested by reapplying the strips after applying
an anesthetic to suppress reflex tearing. Normal basal rate is greater
than 10-15mm.

Fluorescein should be instilled in each cul-de-sac, and the cornea
and conjunctiva again examined for punctate staining, which may
suggest a dry eye syndrome or other surface disease. One should also
measure the tear breakup time by observing the time to disruption of
the tear film after the patient blinks. If this time is less than 10 seconds,
the patient may have a relative deficiency of the mucin layer of the tear
film.

The dye disappearance test is a very simple and useful tool. With
the fluorescein already present, one can assess for a decrease or asym-
metry in tear drainage by observing the amount of fluorescein remain-
ingin each eye after about 5 minutes. A decrease in fluorescein clearance
is nonspecific and is likely secondary to an anatomic or functional
drainage abnormality (Figure 6.3). Although high false-positive rates
exist with dye retention in the tear film, clearance of the dye makes
nasolacrimal dysfunction very unlikely.

The Jones I or primary dye test involves an attempt to recover fluo-
rescein from the nasal opening of the nasolacrimal duct just beneath
the inferior turbinate. Lack of dye retrieval at 5 minutes, a negative test,
heralds a nonspecific drainage abnormality and the Jones II or second-

FIGURE 6.3. Dye disappearance test. Fluorescein clears more slowly in the
right eye of this patient.
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FIGURE 6.4. Canalicular irrigation. Saline is seen to reflux through the upper
punctum when injected into the lower canaliculus in this patient with naso-
lacrimal duct obstruction.

ary dye test should be performed. This is done by injecting saline
through the canalicular system at increased physiologic pressures after
removal of any fluorescein remaining in the cul-de-sac. If no irrigant
is retrieved from the nasal end, the patient has a nasolacrimal obstruc-
tion. Recovery of irrigant without fluorescein suggests that the patient
has a functional obstruction proximal to the nasolacrimal sac, whereas
the recovery of fluorescein suggests an obstruction distal to the sac
allowing dye to pool there. Jones testing provides a significant number
of false-positive and false-negative results and therefore is not rou-
tinely used.

One should use a nasal speculum to examine the nares for any
mucosal swelling, tumors, or other anatomic abnormality in the vicin-
ity of the inferior turbinate. Patients with allergy or sinusitis may
develop mucosal thickening severe enough to occlude the nasolacri-
mal duct opening beneath the inferior turbinate. These patients may
respond well to nasal steroids and antiallergy eye drops. Patients with
a history of trauma or previous nasal surgery may have a deviated
septum, which could narrow the opening as well.

Irrigation is the gold standard of nasolacrimal testing and can yield
information to help determine if there is outflow obstruction. After an
anesthetic drop is instilled, a punctal dilator is used to create a larger
opening for a #23 lacrimal cannula or disposable anterior chamber
cannula. Using a 3-cc syringe, saline is injected through this cannula,
which is advanced through each canaliculus (Figure 6.4). A 3-cc syringe
is preferred because a 10-cc syringe provides too much resistance to
appreciate partial obstruction, whereas a 1-cc syringe provides too
little resistance. If saline cannot be passed or refluxes through the same
punctum entered, the patient has an obstruction of the canaliculus
tested. This result is usually associated with moderate discomfort. If
saline refluxes through the opposite punctum, the patient has an
obstruction distal to the common canaliculus or nasolacrimal sac
(Figure 6.5). If saline passes without difficulty into the patient’s nose
and throat, the nasolacrimal system is anatomically patent. A patient
can have a partial obstruction that allows some saline to pass into the
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throat with a degree of resistance noted during the procedure. If irriga-
tion demonstrates adequate outflow in the presence of a positive dye
disappearance test or delay of irrigant reaching the nose, a functional
abnormality may be present. This situation may be the result of a
dilated nasolacrimal sac and/or lacrimal pump failure.

One can additionally use the lacrimal cannula, or alternatively a
lacrimal probe, to advance nasally within the canaliculus toward the
nasolacrimal sac and lacrimal fossa. If reflux occurred but the cannula
can be advanced freely to encounter a hard stop against the bony wall
of the lacrimal fossa, then a more distal obstruction should be sus-
pected. However, if the cannula cannot reach bone and seems to get
caught up on soft tissue to encounter only a soft stop, then obstruction
within the canaliculus tested or common canaliculus would be present.
In the latter case, the medial canthus can be seen to drag nasally as the
cannula pushes against the soft tissue complex as opposed to passing
through it.

General Approach

Evaluation of the tearing patient begins with a history to elucidate the
nature of the patient’s complaint and obtain additional clues to the
etiology. One should determine if the patient has true epiphora, using
the dye disappearance test and observing the tear meniscus. Any
causes of hyperlacrimation, such as keratitis or tear film abnormality,
should be ruled out or treated. The outflow system should then be
evaluated with irrigation. If obstruction is encountered, dacryocysto-
plasty, dacryocystorhinostomy, or conjunctivodacryocystorhinostomy
should be considered as indicated for the site and degree of obstruc-
tion. If anatomically patent, one should consider treatment of rhinitis,
repair of punctal stenosis, or horizontal lid tightening as indicated.
Additionally, imaging studies may be used when the diagnosis is
uncertain or when tumefaction is suspected.

FIGURE 6.5. Dacryoliths removed from a patient with tearing and pain.
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As the evaluation is performed, it should be remembered that patients
may have multiple causes of their tearing. The tearing patient with
blepharitis may also have a partial nasolacrimal duct obstruction. One
needs to determine whether the patient’s tearing is primarily the result
of ocular surface disease or outflow obstruction. Only after performing
the complete examination can one decide on the best course for man-
agement. If the etiology is unclear, conservative treatment is usually
recommended before surgical intervention.
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The lacrimal drainage system is an intricate mucous membrane-lined
conduit, the function of which depends on a complex interplay of
anatomy and physiology. Appropriate drainage of tears depends on
several factors, including the volume of tear production, eyelid posi-
tion, normal pump mechanisms, anatomic status of the drainage
passages, gravity, and nasal air convection currents. The patient with
symptomatic epiphora may have a normal anatomic system over-
whelmed by an oversecretion syndrome, or a drainage system that is
anatomically compromised and therefore unable to handle normal tear
production. Conversely, patients may have partial or complete blockage
of the nasolacrimal system but experience no symptoms or have symp-
toms of dry eye if tear production is significantly reduced. The clinical
picture of bothersome epiphora thus depends on the balance of tear
production and tear drainage, not on the absolute function of either
one.

The etiologies of lacrimal drainage dysfunction can be divided into
two categories, anatomic and physiologic. Anatomic obstruction refers
to a gross structural abnormality of the nasolacrimal system. This can
be a complete obstruction, such as punctal occlusion, canalicular
blockage, or nasolacrimal duct fibrosis. The causes of partial obstruc-
tion include punctal or canalicular stenosis, inflammatory narrowing
of the duct, or mechanical obstruction within the lacrimal sac, such as
tumors or stones. Physiologic etiologies result from failure of func-
tional mechanisms despite normal anatomy. These types of dysfunc-
tion may result from anatomic deformity, such as punctal eversion or
other eyelid malposition, or from lacrimal pump inadequacy from
poor orbicularis tone or eyelid laxity." Determining the type of dys-
function and the exact location of the anatomic blockage with physical
examination and ancillary testing are essential if appropriate therapy
is to be offered.

The clinical evaluation of gross lacrimal function is usually not dif-
ficult and the diagnosis of epiphora can oftentimes be made largely on
history alone. However, determination of the etiology of epiphora may
be more difficult and often requires a variety of diagnostic procedures.
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There is no single test that will pinpoint the anatomic site or physio-
logic basis for an imbalance between tear production and tear drain-
age. A host of clinical tests have been described, many of which must
be used together to diagnose specific disease processes correctly. In
this chapter, we briefly describe the most important tests and imaging
techniques and discuss the clinical significance of each.

Clinical Diagnostic Tests

The following diagnostic tests have been devised to evaluate the tear
production and lacrimal drainage systems. These tests include some
simple clinical procedures that should be a routine part of every evalu-
ation, as well as more complex radiographic and echographic examina-
tions that are used in selected patients. In most cases of epiphora,
several tests must be used to determine the specific etiology and to
plan appropriate therapy.

Clinical History

Clinical history is one of the most important aspects in the evaluation
of the patient with symptomatic epiphora, yet it is frequently glossed
over or completely overlooked. Taking an adequate history can occa-
sionally localize the site of obstruction and in most cases will allow the
surgeon to decide which tests are appropriate. Epiphora in a child with
a history of tearing since birth is almost always the result of a blockage
at Hasner’s membrane, whereas acquired epiphora in a child may have
a very different etiology, such as canalicular obstruction. It is impor-
tant to elicit a history of prior facial trauma or intranasal cautery,
because this should prompt evaluation of the bony nasolacrimal canal.
Prior use of ophthalmic medications (i.e., phospholine iodide), certain
systemic chemotherapeutic agents, or orbital irradiation should lead
the clinician to suspect canalicular obstruction. Previous sinus surgery,
particularly intranasal antrostomy or ethmoidectomy should alert the
surgeon to potential direct duct injury. History of a rapidly growing
mass or bleeding from the puncta should raise the suspicion for the
presence of malignancy. Intermittent epiphora can be related to early
inflammation of the membranous duct or from allergic rhinitis. Recur-
rent episodes of dacryocystitis may suggest lower nasolacrimal duct
obstruction but may lead to stenosis of the proximal system as well.
Taking a thorough history as part of the routine evaluation will make
further investigation considerably more efficient.

External Examination

Evaluation of epiphora begins with a careful examination of the exter-
nal ocular surface and eyelid structures for causes of hypersecretion
or for mechanical obstruction of drainage. Conjunctival or corneal
irritation, either inflammatory or mechanical, may cause hypersecre-
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tion with resultant epiphora, even in the presence of a normally
functioning drainage system. Blepharitis and allergic conjunctivitis
will often trigger increased lacrimation. Eyelid malpositions such as
entropion, with or without trichiasis, can produce corneal irritation
and secondary reflex tearing. Lid laxity from aging or facial nerve
palsy may lead to exposure keratitis and reflex epiphora. Lid laxity
may also result in a weakened orbicularis pump mechanism or punctal
eversion. The tear drainage system may be impaired by occlusion of
the punctal opening from conjunctivochalasis or tight eyelid fissures
with punctal opposition. Mass lesions in the medial canthal region
may also mechanically obstruct tear drainage. Careful palpation of the
lacrimal sac will reveal the presence of a sac mucocele, and pressure
behind the anterior lacrimal crest may produce reflux of mucopurulent
material suggestive of lower system obstruction. Examination of the
nasal vestibule must be made, because hypertrophic mucosa or nasal
polyps can obstruct the nasolacrimal ostium. Such findings during
external examination will direct the clinician toward further specific
diagnostic tests.

Schirmer Tests

In 1903, Schirmer described this technique for evaluation of tear pro-
duction. Since that time, the Schirmer tests have become an important
clinical tool for the diagnosis of dry eye and hypersecretion syndromes.
The Schirmer I test is used to evaluate gross tear production. It is
usually performed without topical anesthetic. A strip of #41 Whatman
filter paper, 50mm long and 5mm wide, is folded 5mm from one end,
and the small folded end is placed into the inferior conjunctival fornix
at the junction of the lateral and middle thirds of the lower eyelid. The
amount of wetting on the filter paper is measured at 5 minutes. The
test should be performed in subdued lighting, and both eyes must be
tested simultaneously. This test measures the aqueous component of
the tear film and does not distinguish between basic and reflex tear
production. It gives only a very crude estimate of true tear flow. The
paper itself may stimulate reflex lacrimation. If the investigator is not
careful to wipe the tear lake from the conjunctiva before inserting the
paper strips, an excessive degree of wetting will be recorded. If the tear
drainage system is functioning, a significant volume of tear flow passes
into the puncta without being recorded. The fractional volume lost
is in proportion to the adequacy of the drainage system and may be
significantly more than the volume recorded. Normal values for the
Schirmer I test range from 10 to 30mm at 5 minutes, with values more
than 25mm typical of patients younger than age 30 and values 10mm
or less in those older than age 60.

If the Schirmer I test is abnormal, the test may be modified to sepa-
rate the reflex component from basic secretion. A drop of topical anes-
thetic is instilled into the eye and the test is repeated. This test must
be performed in the dark, because light can stimulate reflex tearing.
Any combination of basic and reflex tearing may be found in patients
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with symptomatic dry eye or epiphora, and the volume of aqueous flow
alone is not a complete indication of tear function.

When the Schirmer I test results are below normal, the Schirmer II
test will give some indication of stressed reflex capability. Topical anes-
thetic is used in the eye, and the nasal mucosa is stimulated mechani-
cally with a cotton swab or chemically with ammonium chloride. The
amount by which the Schirmer II test exceeds basic production repre-
sents stressed reflex secretion.

Rose Bengal Staining

Rose bengal is a chloride-substituted iodinated fluorescein dye that
stains devitalized epithelial cells. Increased conjunctival staining is a
sensitive indicator of inadequate tear function, regardless of gross
aqueous tear flow determined by the Schirmer test. In the patient with
epiphora and significant staining, reflex hypersecretion and inade-
quacy of tear physiology should be suspected.

Tear Breakup Time

Stability of the normal tear film depends on its basal mucin layer,
which increases the hydrophilic quality of epithelial cells, allowing
uniform wetting of the corneal surface. When this mucin component
is reduced, the tear film will bead up on the relatively more hydropho-
bic corneal surface. The tear breakup time is a simple clinical test
for evaluation of this component of tear function. One drop of fluores-
cein is placed in the eye and the patient is instructed to blink once.
Viewing the corneal surface under slit-lamp magnification with cobalt
blue illumination, the observer notes at what time dry spots appear in
the tear film. Normal tear breakup time is between 15 and 30 seconds.
A tear breakup time of less than 10 seconds indicates a probable mucin
deficiency, which may result not only in the symptoms of dry eye
syndrome but in reflex hypersecretion of the aqueous component
and epiphora.

Dye Disappearance Test

The dye disappearance test is usually performed as part of the primary
Jones dye test (Jones I test). It is a rudimentary measurement of the rate
of tear flow out of the conjunctival sac. One drop of 2% fluorescein is
placed in the lower conjunctival fornix and the amount remaining at
5 minutes is graded on a 0 to 4+ scale, with 0 representing no dye
remaining and 4+ representing all the dye remaining. The test is most
meaningful when both sides are compared simultaneously. Little or no
fluorescein remaining in the conjunctival sac (a positive test) indicates
probable normal drainage outflow, whereas most or all of the dye
remaining (negative test) indicates partial or complete obstruction, or
pump failure. Care must be taken to note any lid overflow. Also, a sig-
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nificant amount of dye may disappear in the presence of a large dilated
sac mucocele and distal obstruction. The test cannot distinguish
between physiologic and anatomic causes of drainage dysfunction, nor
can it localize the site of mechanical blockage. The dye disappearance
test has been shown to be positive in 95% of asymptomatic normal
individuals and may be more sensitive than the primary Jones test.”
Unlike the latter, it does not seem to be dependent on gross tear flow
as measured by the Schirmer test.

Primary Jones Dye Test

In 1961, Jones described a simple test of lacrimal drainage function that
has become one of the most frequently used procedures in the evalua-
tion of epiphora. The primary Jones dye test (Jones I) is a true func-
tional test and should be performed in as nearly physiologic conditions
as possible. The patient should be in an upright position, and should
blink normally. Topical anesthesia is not used, although the clinician
may anesthetize the nasal mucosa for comfort. Two percent fluorescein
is instilled into the conjunctival sac and a fine cotton-tipped applicator
is passed beneath the inferior turbinate to the level of the nasolacrimal
ostium after 2 minutes and again after 5 minutes. The test is positive
if dye is recovered, and indicates patent anatomy and adequate physi-
ologic function. However, the dye may be very difficult to retrieve and
therefore there is a high false-negative rate with this test. Transit time
for the dye to reach the nose is quite variable and shows a significant
correlation with the Schirmer test. Even in eyes without epiphora,
passage of dye into the nose may take considerably longer than the
5 minutes allowed for the test. Testing conditions may alter results
because transit time is influenced by factors such as blink rate, gravity,
and fluorescein volume. Although a positive test strongly suggests a
normal system, it does not completely rule out physiologic dysfunction
or mild anatomic obstruction. More significantly, a negative test alone
does not necessarily indicate abnormal drainage.

The fluorescein appearance test, described by Flach,’ is a modifica-
tion of the primary Jones dye test. It is designed to avoid the difficulty
and variability involved in recovering dye from the inferior meatus.
Two percent fluorescein is placed in the conjunctival sac and the oro-
pharynx is examined with ultraviolet light, beginning at 5 minutes
and continuing up to 1 hour if necessary. With this technique, 90% of
normal individuals are said to show oropharyngeal fluorescence within
30 minutes, and 100% within 60 minutes. This procedure is best used
as a supplement to a negative primary Jones test and can be performed
20-30 minutes later. Because of the persistence of fluorescence, only
one eye can be tested by this technique during a single office visit.

In 1973, Hornblass* elaborated on a variation of the primary Jones
dye test originally mentioned by Lipsius.’ In this version, 0.4 mL of 1%
sterile solution of sodium saccharin is instilled into the conjunctival
sac and the patient is asked to report when he or she tastes the solution.
Hornblass found a mean transit time to the nose of 3.5 minutes, with
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65% of normal individuals reporting a positive test within 6 minutes,
and 90% reporting positive results within 15 minutes. Transit times in
excess of 15 minutes suggest partial nasolacrimal duct obstruction. The
test depends on a subjective response from the patient, and before the
solution can be tasted, it must pass into the pharynx, where threshold
taste sensitivity is quite variable. Lipsius noted that 3% of normal indi-
viduals were incapable of tasting saccharin.

Secondary Jones Dye Test

A negative primary Jones dye test suggests delayed transit time through
the lacrimal drainage system but it does not differentiate physiologic
dysfunction from anatomic obstruction. The secondary Jones dye test
(Jones II) evaluates anatomic patency of the system in such cases.
Residual fluorescein is flushed from the conjunctival sac and a topical
anesthetic is instilled. The patient sits with head tilted forward while
clear saline is irrigated into one canaliculus through a cannula. The
patient is instructed to blow or spit any fluid that passes into the nose
or pharynx onto a clean tissue. The presence of any fluid in the nose
indicates gross anatomic patency of the nasolacrimal passages. In this
situation, complete obstruction is not present because saline did tra-
verse the system under pressure. Recovery of dye-stained saline dem-
onstrates normal punctal and canalicular anatomy, because the dye
must have passed freely into the sac during the previous Jones I test.
Such a result is compatible with a partial anatomic block at the level of
the lower sac or duct. Recovery of clear saline without fluorescein sug-
gests punctal or canalicular stenosis, with failure of dye from the
primary Jones test to enter the lacrimal sac. If fluid does not reach the
nose at all but regurgitates from the opposite punctum, a high-grade
obstruction is likely. Regurgitation of dye-stained fluid suggests block-
age at the level of the lower sac or duct, with residual dye in the sac
being flushed out by the irrigation. Very rarely, a dilated canalicular
mucocele may retain sufficient dye to produce similar results. Regur-
gitation of clear saline from the opposite punctum suggests obstruction
at the level of the distal common canaliculus or upper sac with no
residual dye from the primary Jones test. When clear saline regurgi-
tates from the same punctum that is being irrigated without flow from
the opposite punctum, a proximal obstruction in that canaliculus is
likely.

During the irrigation of saline, distension of the lacrimal sac to pal-
pation confirms the presence of lower nasolacrimal duct obstruction.
Under such conditions, a palpable sac without fluid passing into the
nose suggests complete nasolacrimal duct blockage, whereas a palpable
sac with fluid passing into the nose implies a partial obstruction.
However, a sac that is contracted and fibrotic because of chronic inflam-
mation may not dilate under these conditions.

The secondary Jones dye test evaluates anatomic patency under
increased hydrostatic pressure. When positive, it does not differentiate
between epiphora caused by physiologic dysfunction and epiphora
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resulting from partial anatomic obstruction. When a primary Jones
test is positive, the secondary Jones test should always be positive
and is therefore unnecessary. With a negative primary test, a positive
secondary test would be consistent with physiologic or partial ana-
tomic dysfunction, but would rule out complete blockage. Negative
results on both the primary and secondary tests confirm high-grade
obstruction.

Probing

When the secondary Jones test indicates canalicular obstruction, the
canaliculus in question should be probed gently to the lacrimal sac
with a small Bowman probe. The punctum may first be dilated by
pulling the lid laterally to prevent canalicular kinking and inserting a
pointed dilator. The distance of the stenosis or blockage from the
punctum is noted in millimeters by measuring directly on the probe.
In most individuals, a short common canaliculus is present 6-9mm
from the puncta. The canalicular system should not be probed without
prior indication of possible obstruction because of the risk of inadver-
tent injury and subsequent fibrosis.

Diagnostic Imaging Techniques

Diagnostic Ultrasonography

The techniques of A- and B-mode ultrasonography provide a simple,
noninvasive method of evaluating gross anatomic abnormalities of the
lacrimal drainage system (Figures 71A and B, and 7.2A and B). Physi-
ologic dysfunction cannot be evaluated, nor can the precise site of
anatomic obstruction be localized. However, a dilated lacrimal sac can
easily be distinguished from one of normal dimensions. It is also
possible to differentiate air from mucus or solid masses, making the
identification of lacrimal sac neoplasms possible.®

With the B-mode probe oriented vertically, placed in the medial
canthus, and aimed toward the lacrimal sac fossa, an oblique longitu-
dinal cross-section of the lacrimal sac and upper duct is obtained. The
canaliculi cannot usually be visualized unless they are dilated. The
diameter of the sac and upper duct may be evaluated and the thickness
of the walls can often be appreciated. Diverticula may also be identi-
fied and a variety of echogenic densities within the system, such as
inflammatory membranes, tumors, and stones, can be detected. The
position and size of a surgically created ostium (Figure 7.3) may also
be imaged with this technique, although its patency cannot easily be
evaluated.

For precise measurements of the sac and evaluation of the internal
reflectivity of sac contents, A-mode scanning must be used. The probe
is first oriented as for a periocular orbital study, but with the beam
aimed just behind the anterior lacrimal crest toward the sac fossa. An
oblique anterolateral-posteromedial cut of the sac is thus obtained. If
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FIGURE 7.1. (A) B-scan ultrasound of a nasolacrimal system with a normal
nasolacrimal sac (S). The anterior lacrimal crest can be visualized anteriorly
and inferiorly and the lacrimal bone is seen posteriorly. (B) A-scan ultrasound
of a normal nasolacrimal system. Nasolacrimal sac with low reflectivity (S)
and sharply defined anterior and posterior walls. The smaller peak represents
lacrimal bone.

the sac is filled with air, it appears as an echolucent defect bounded
by sharply defined vertical anterior and posterior sac walls. Often, the
presence of dilated diverticula can be detected. Mucus in the sac pro-
duces uniform, homogeneous, low-density internal echoes, and inflam-
matory exudates and membranes show stronger, more irregular
echoes. Multiple high-density, irregular echoes with infiltration of the
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sac walls suggest a sac tumor. A transocular A-mode image of the sac
is obtained with the probe held above the lateral canthus and directed
toward the lacrimal sac fossa. This technique gives an approximate
horizontal cross-section of the sac. The average dimensions of the
sac in normal individuals are 2.5mm (SD = 0.95mm) in horizontal
diameter and 4.0mm (SD = 149 mm) in anteroposterior extent.” A sac
more than 4.5mm wide or 7Z0mm deep should be considered abnor-
mally dilated.
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FIGURE 7.2. (A) B-scan ultrasound of a patient with acute dacryocystitis
demonstrating a massively enlarged nasolacrimal sac (S) and thickened ante-
rior and posterior walls. (B) A-scan ultrasound of the same patient as in part
A showing dilated nasolacrimal sac (S) with irregular, medium reflectivity
indicating the presence of mucopurulent exudates.
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FIGURE 7.3. Postdacryocystorhinostomy B-scan ultrasonography showing
the surgically created lacrimal-nasal ostium (OS). The lacrimal sac (S) is
somewhat dilated because of soft tissue closure of the ostium.

Contrast Dacryocystography

The first attempt to visualize the lacrimal drainage system radiograph-
ically was made by Ewing in 1909. He used bismuth paste for retro-
grade filling of the nasolacrimal duct. Such early attempts proved
unsatisfactory, and the technique was used infrequently until the
introduction of better aqueous contrast media such as Sinografin and
Angiografin, and especially the low-viscosity iodized oils such as
Pantopaque, Ethiodol, and ultrafluid Lipiodol. In a standard dacryo-
cystography (DCG) study, the canaliculi are intubated with intrave-
nous catheters and contrast material is injected into the lower
canaliculus on each side, and films are taken immediately in Caldwell’s
posteroanterior frontal projection and in both lateral projections.
Repeat films are obtained at 5 and 15 minutes and upright films may
be taken to evaluate the effects of gravity on lacrimal drainage. DCG
can also be combined with computed tomography (CT) or magnetic
resonance imaging (MRI) to give further information on the nasolac-
rimal system.

In 1968, Iba and Hanafee® described the technique of distension
DCG, first used by Barrie Jones in 1959. Here, films are taken during
injection of 0.5-1.0mL of contrast material so that the lacrimal system
is imaged in the distended state. Both sides are studied simultaneously
and injection is accomplished through the placement of canalicular
indwelling tapered Teflon catheters or intravenous catheter tubing.
This method provides maximum visualization of the anatomic struc-
ture of the system and, because of the backpressure, gives good filling
of the canaliculi. It is the best technique for demonstration of fistulae,
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FIGURE 7.4. Digital subtraction contrast dacryocystogram. Patient with
normal passage of contrast through the left nasolacrimal system and complete
blockage of the right proximal nasolacrimal duct and mild dilation of the right
nasolacrimal sac.

diverticula, supernumerary canaliculi, and the presence of stones and
sac tumors. However, it does not reveal sac and duct dimensions under
normal physiologic conditions. This test also requires either the oph-
thalmologist or a skilled technician to be in the radiology suite to inject
the material and can lead to some patient discomfort.

Improved imaging can be obtained with a technique adopted from
subtraction angiography (Figure 7.4) that eliminates confusing bony
shadows. A scout film is taken before injecting contrast material and
is used to produce bone-free images of the dacryocystogram. More
sophisticated computer-assisted digital subtraction images can be pro-
duced using fluoroscopically controlled angiographic equipment and
an image intensifier.*’

The dacryocystogram of a normal lacrimal drainage system will
usually show the canaliculi when less viscous aqueous contrast media
are used. The sac appears as a smooth, straight, or gently curved
passage with the concavity facing laterally. The anteroposterior dimen-
sion is wider than the transverse. There is usually a constriction at the
sac—duct junction caused by the split fascia of the orbicularis muscle
as it passes around the system. The duct widens at the level of the bony
rim and its inner surface becomes more irregular because of the pres-
ence of mucosal folds. Such folds may be exceptionally well developed
in younger children. Further constrictions are seen in the duct’s mid-
portion in the region of Hytle’s and Taillefers” valves. Finally, in its
lower third, the duct widens again. Visualization by DCG reveals con-
siderable variations in the structure of the sac and duct among normal
individuals. Atypical narrowing and widening of the sac and duct, as
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well as unusual angulations and diverticula, may all be seen in the
absence of clinical symptoms.

A combination of subtraction, distension, and macrodacryocystog-
raphy provides the best visualization of the anatomic structure of the
lacrimal drainage system. This approach will provide accurate local-
ization of any anatomic obstruction in the majority of cases. Imaging
of the canaliculi with dye failing to pass into the sac or duct implies
obstruction at the common canaliculus. Obstruction at the sac-duct
junction usually results in a dilated sac with no dye reaching the duct
or nose, even on late films. Obstruction at the level of the nasolacrimal
duct will show dilatation of the sac, with dye in the duct, but not reach-
ing the nose. A patent dacryocystorhinostomy ostium is easily demon-
strated by passage of contrast into the nose at the level of the middle
meatus. Demonstration of patent lacrimal passages by DCG in the face
of epiphora suggests physiologic dysfunction or a mild incomplete
anatomic block.

DCG is considered the gold standard for imaging of the nasolacrimal
system, but it does not allow for imaging of the soft tissue or bony
structures surrounding the nasolacrimal sac or duct. DCG can be
combined with CT and MRI studies to obtain a complete picture of the
nasolacrimal system and the surrounding anatomy.

Computed Tomography

In selected cases, CT of the lacrimal system can be extremely useful
in the evaluation of epiphora. In axial scans through the lower orbit
(Figure 7.5), the lacrimal sac fossa appears as a depression in the antero-

FIGURE 7.5. Axial CT-DCG demonstrating contrast-filled lacrimal sacs
(arrowheads). The left system is dilated compared with the right. (Courtesy
of Susan K. Freitag, MD, reprinted with permission from Lippincott, Williams
& Wilkins ©2002.)
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medial wall. In successively lower sections, the duct appears as a round
to oval defect in the frontal process of the maxillary bone at the antero-
medial corner of the antrum. The duct may be filled with air or fluid.
As the duct is traced inferiorly, it can be seen to open beneath the
inferior turbinate. Cross-sections of the system are seen in coronal
reformatted images because the line of section is oriented downward
and obliquely backward. Parasagittal reformatted images will reveal
the entire length of the system in longitudinal section.

Although dilatation of the sac and dacryocystitis can be seen, these
are more easily and inexpensively studied by other techniques. When
epiphora follows trauma and subsequent clinical studies indicate
nasolacrimal duct obstruction, CT may reveal orbital rim or maxillary
fractures compressing the sac or duct. In cases of congenital lacrimal
amniocele, CT will reveal the dilated duct, often associated with bony
changes. It is essential to differentiate this soft, near-midline dilated
sac from a meningocele. In most cases of suspected malignancy, espe-
cially if there is a history of bloody epiphora or pain, a CT scan may
demonstrate soft tissue masses of the sac or adjacent paranasal sinuses.
MRI is more sensitive for soft tissue abnormalities but does not image
the bony structures well.

When combined with DCG, CT scan is excellent at identifying bony
structures around the nasolacrimal system (Figures 7.6 and 7.7). By
using modern spiral CT techniques with topical contrast material, the
surgeon can accurately identify obstructions in the nasolacrimal
system. This can be especially useful in patients who have had facial
trauma, prior sinus or lacrimal surgery, or tumors of the medial
canthus.”” Newer techniques using spiral CT and three-dimensional
reconstruction technology have improved the diagnostic accuracy for
patients with partial obstructions of the nasolacrimal system by allow-
ing the surgeon to view a three-dimensional image of the entire system
from multiple projections."

FIGURE 7.6. CT-DCG three-dimensional reconstruction in the left oblique
projection confirms the left complete obstruction and proximal dilation. Right
system is normal. (Courtesy of Susan K. Freitag, MD, reprinted with permis-
sion from Lippincott, Williams & Wilkins ©2002.)
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FIGURE 7.7. CT-DCG three-dimensional reconstruction demonstrates bilat-
eral filling defects (arrows) in distorted and dilated lacrimal systems. (Cour-
tesy of Susan K. Freitag, MD, reprinted with permission from Lippincott,
Williams & Wilkins ©2002.)

There are some disadvantages to CT scan. As mentioned previously,
it is not the best study for evaluating soft tissue masses of the nasolac-
rimal system. Also, in standard CT, the images are presented as a series
of axial images and make identification of small obstructions difficult.
Longitudinal and oblique images can be created, but this reconstruc-
tion results in decreased spatial resolution in the reformatted images.
The exposure to ionizing radiation is also more than for standard
DCG.

Magnetic Resonance Imaging

Since 1990, MRI has been used as an adjunctive diagnostic test in the
evaluation of lacrimal system pathology that allows for excellent reso-
lution of the nasolacrimal system.””” When combined with a contrast
agent, MRI offers several advantages over other imaging studies. Gado-
linium can be given as a topical solution (Magnevist) diluted from 1:10
to 1:100 with normal saline, one drop to each eye per minute for 5
minutes. The patient should stay in an upright position until just before
image acquisition. Because the lacrimal system is not cannulated, and
therefore not under increased hydrostatic pressure, this study gives a
picture of the functional status of the nasolacrimal system. There have
been no reports of ocular complications from the administration of
topical gadolinium and this obviates the need to risk damage to puncta
from the direct instillation of contrast agents. Exposure to ionizing
radiation is also avoided with this technique.

MRI allows very fine resolution of soft tissue structures within and
surrounding the nasolacrimal system compared with dacryoscintigra-
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phy, DCG, and even CT.*" The superficial location of the nasolacrimal
system facilitates imaging with small surface coils which can give a
spatial resolution of 0.3 x 0.3 x 3mm or better."” Manipulation of signal
intensities, repetition times, and tip angles, as well as the use of fat
suppression algorithms, can oftentimes allow for differentiation of
mucous or blood from solid neoplasms. Also, because of volumetric
acquisition, magnetic resonance images can be viewed in any plane
without degradation of the quality of images. This is a key advantage
over CI-DCG which requires reformatting of images that are out of
plane and results in degradation of image resolution. Coronal images
are superior for determining the distal extent of contrast transit and
axial images are excellent for examining the lumen of the nasolacrimal
duct and intraductal pathology.

Although MRI can be a useful diagnostic study, it is an expensive
study and therefore should not be used routinely. Other drawbacks
include poor ability to image bony structures, and there can be artifact
from the nearby ethmoidal air cells. MRI is also susceptible to
movement artifact because of the relatively long acquisition times
required.

Radionuclide Dacryoscintigraphy

The first use of radionuclide tracer to image the lacrimal drainage
system employed radioactive **Au and measured the buildup of activ-
ity over the sac and duct. Rossomondo et al.” introduced the first
modern nuclear imaging technique for the lacrimal drainage system.
They instilled a drop of saline with [*™Tc] sodium pertechnetate,
and imaged the system with a gamma camera. In the first clinical
evaluation of the technique, Carlton et al.® demonstrated its value in
visualizing the lacrimal system, and in measuring some physiologic
parameters of tear flow. In their study of 28 asymptomatic volunteers,
they recorded a transit time for the nuclide of 4-43 seconds to the sac,
and 4-323 seconds to the nose. There is a high degree of correlation
between dacryoscintigraphy and contrast DCG; however, the former is
more sensitive to incomplete blocks, especially in the upper system.
Because dacryoscintigraphy is a physiologic test, it is also very sensitive
in finding abnormalities in patients with physiologic nasolacrimal duct
obstruction and can often localize the site of blockage.”

The technique often employed today uses [*™Tc]pertechnetate
in saline or technetium sulfur colloid delivered as a 10-uL drop to
the lateral conjunctival sac by micropipette. The patient is advised
to blink normally and the nasolacrimal system is imaged every 10
seconds for the first 2-3 minutes, and then late images are taken every
5 minutes for a total of 20 minutes (Figure 7.8). The specific activity of
this dose is in the range of 50 to 150uCi, and results in radiation
exposure to the lens of less than 2% of that for a complete contrast
dacryocystogram.

Dacryoscintigraphy does not provide the detailed anatomic visual-
ization available with contrast DCG. In standard nuclear studies, the
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FIGURE 7.8. Dacryoscintigraphy in a patient with unilateral epiphora on the
left side. The right lacrimal drainage system fills normally, with tracer concen-
trated in the canaliculi (C), sac (S), and duct (D). The left system shows no
tracer below the sac—duct junction (S/D).

proximal canalicular system is usually poorly imaged unless it is
dilated. The sac and duct are usually well outlined. Complete blocks
in the sac or duct can be detected, although precise localization of the
obstruction may be difficult. However, the procedure can yield consid-
erable information concerning physiologic function. Generation of
dynamic activity curves for specific regions of interest will demon-
strate incomplete anatomic obstructions as well as a rather subtle
degree of functional impairment.””* This technique is most accurate
and reproducible for the upper lacrimal system. Transit times become
quite variable for the lower system, with 25-32% of asymptomatic
individuals showing no tracer in the nose after 12 minutes. This is
consistent with findings on the primary Jones dye test. By using more
sophisticated rapid sequence display and computer interfacing for
image optimization by contrast enhancement, background subtraction,
and frame arithmetic, quantitative evaluation of tracer movement pro-
vides the most revealing interpretation of lacrimal function and tear
flow dynamics currently available.

Other Diagnostic Techniques

Percutaneous Contrast Dacryocystography

The common canaliculus is a common site of obstruction seen on
radiographic imaging in patients with epiphora. When such blockages
are complete, routine DCG is not possible, and the concomitant pres-
ence of lower sac or duct pathology cannot be easily demonstrated
unless echography is used to detect a dilated sac. In 1972, Putterman®
described a technique of percutaneous injection of aqueous contrast
material directly into the lacrimal sac to bypass the occluded common
canaliculus. In his small series of four patients, there were no complica-
tions and results were good.
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Chemiluminescence

The use of chemiluminescent materials is a nonradiologic technique
for demonstrating the outline of the lacrimal drainage system and
verifying its patency. The luminescent agents are dimethylphthalate
and tertiary butyl alcohol activated by dibutylphthalate, which produce
an intense cold light. This product is commercially used as a safety
light. When these agents are injected into the lacrimal system, the glow
is visible through the skin and clearly outlines the upper system. The
lower duct is not readily demonstrated. The compounds are safe and
nontoxic, if confined within the lacrimal system, but extravasation into
tissues or onto the globe can produce severe complications of corneal
scarring and vascularization, purulent infection, granuloma forma-
tion, and fibrosis.”® Chemiluminescence has not yet been used exten-
sively enough to evaluate its clinical effectiveness as an alternative or
adjunct to other procedures.

Lacrimal Thermography

The canaliculi and lacrimal sac have been visualized by thermography,
using an infrared scanner and color monitor with a resolution of 0.5°C.*
The lacrimal system is easily differentiated from surrounding tissues
by irrigation with cold water, and decreased temperature in the nose
demonstrates patency. A large dilated sac can be visualized, and per-
sistent inflammation will produce increased temperature within the
sac. The duct is not demonstrated with this method.

In a related technique, a mini-thermocouple probe has been used to
detect temperature differences with the lacrimal sac. Increased tem-
peratures are seen with vascularity and inflammation, and decreased
temperatures with hemorrhage and mucocele formation. Nasolacrimal
duct obstruction without associated inflammation shows no difference
in temperature compared with the contralateral uninvolved side.

Nasolacrimal Endoscopy

Direct visualization of the lacrimal drainage system has been attempted
with rigid and flexible endoscopes, however, results have been mixed
and these techniques are not recommended. No clinical evaluation of
these instruments has been presented, and their reliability in evaluat-
ing nasolacrimal obstruction remains to be demonstrated.

Interpretation of Diagnostic Tests

As is the case with many diagnostic tests in medicine, most of those
described above required some subjective interpretation to determine
the probable etiology of epiphora (Tables 7.1 and 7.2). Some knowledge
of the variability in patient response, as well as of the reliability of the
specific tests in suggesting pathology, is needed before meaningful
conclusions can be drawn. The mere demonstration of lac