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Lacrimal streams: the demonstration of human
lacrimal fluid secretion and the lacrimal ductules
A J BRON

From the Nuffield Laboratory of Ophthalmology, Walton Street, Oxford OX2 6AW

SUMMARY The clinical demonstration of the ductular orifices of the human lacrimal gland is
reported. Lacrimal fluid secretion can be shown after instillation of 2% sodium fluorescein.
Ductular orifices are visible on biomicroscopy. In keratoconjunctivitis sicca the lacrimal fluid
streams appear normal, or to be diminished or absent.

The human lacrimal gland consists of a larger orbital
portion which lies in a fossa on the frontal bone and a
smaller palpebral portion which sits with its anterior
border just above the lateral part of the upper
fornix. Each portion is composed of lobules, and the
secretions of the lobular acini pass first into fine inter-
lobular ductules and finally into the definitive secre-
tory ducts. The ducts of the orbital portion pass
through and collect from the palpebral portion and
enter the conjunctival sac in the superior fornix.I
About 12 ducts open into the fornix, usually 4-5 mm
above the upper border of the tarsal plate. Two to
five ducts derive from the orbital lobe of the gland,
and six to eight from the palpebral lobe. One or two
are said to open in the region of the lateral com-
missure or even below this." It does not appear that
the ductular orifices have been sought clinically,
presumably because of the assumption that the
openings would be too small to see. This contrasts
with the situation in other species, where, for in-
stance, in the rat or rabbit the orifice of the two
secretary ducts of the exorbital lacrimal gland have
been demonstrated under the microscope, and the
ducts have been cannulated for the collection of pure
lacrimal secretion.4
The present paper stems from the chance observa-

tion in a patient with prominent palpebral lobes that
the ductular orifices can be demonstrated in the
presence of 2% fluorescein (Fig. 1). Dilution and
fluorescence may be observed under a blue light,
much in the manner of a Seidel test. Freshly secreted
lacrimal fluid is seen streaming from each ductular
orifice over the surface of the palpebral lobe.

Correspondence to Mr A J Bron, FRCS.

In this preliminary paper the method of demon-
strating lacrimal streams is presented, and the scope
of the technique is discussed.

Material and methods

The patients are examined with the slit-lamp micro-
scope using the blue exciting source.
The palpebral portion of the lacrimal gland may be

prolapsed by asking the patient to look down and in,
while the outer part of the upper lid is elevated by the
observer's fingers and the lateral canthus is pulled
temporally. The degree of prolapse varies widely.
A drop of 2% fluorescein is touched on to the

exposed lacrimal gland to flood its surface. At the
duct orifices the non-fluorescent lacrimal fluid dilutes
the non-fluorescent 2% fluorescein to produce a
dramatic dark stream whose margin is highly fluor-
escent (Figs. 2a, b).

Patients of both sexes attending the clinic or
casualty department, their ages ranging from 11 to 84
years, were examined. A smaller group of patients
with keratoconjunctivitis sicca was also examined.
The number of duct orifices visible was counted and
the fullness of tear flow crudely graded on a 0-4+
scale. The ease of prolapse of the palpebral lacrimal
gland was also noted.

Results

In 31 patients without lacrimal gland disease, their
ages ranging from 11-84 years (mean 58 7 years), 0 to
12 duct orifices were demonstrated at the surface of
the prolapsed lacrimal gland with a mean of 4-48 (SD
2-9) -on the right and 4-33 (SD 2-6) on the left.
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rFig. I Eniargea, prolapsea palpeorai portion oj the rignt lacrimal giana. Patient witn suspected sarcoiaosis.

Fig. 2a Lacrimaltfild appearing at ductular orifices demonstrated withfluorescein. Normal gland.
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Lacrimal streams: the demonstration ofhuman lacrimalfluid secretion and the lacrimal ductules

Fig. 2b Lacrimal streams showing4+ flow rate; demonstrated withfluorescein. Same case as 2a. Orifices arrowed.

Because of the variable degree to which the lacrimal
gland can be prolapsed in different subjects, this
calculation undoubtedly underestimates the number
of ducts presenting on the surface, and it was noted
that the highest counts were achieved when prolapse
of the gland (and therefore the overlying forniceal
conjunctiva) was most complete, with 7 to 12 orifices
presenting themselves. Nonetheless counts of 6 and
below occurred over glands which appeared to
prolapse readily, so that there may be a true variation
in count between glands of different subjects. There
was greater agreement in counts between the right
and left glands, but this may in part have depended
on similarity in gland prolapse between the two sides
(Table 1).
The apparent rate of flow varied greatly from duct

to duct. Often one duct secreted at a visibly greater
rate than all the others and had a wider orifice.
However, there were wide variations in apparent
flow rates from individual glands without particular
regard to the number of duct orifices counted; large
orifices more commonly showed high flow rates. No
attempt was made to equate apparent flow rates with
the Schirmer test. To a small extent it was possible to
modify the tear flow at some orifices by manipulating
the lids and varying the degree of prolapse of

the gland. This applied particularly when flow was
diminished.
When the palpebral lobe of the lacrimal gland

was prolapsed and the associated upper fornix was
everted, the gland had an elongated rounded or
sometimes triangular profile. Duct orifices were not
scattered randomly over its surface but followed the
line of the upper fornix itself to form a more or less
orderly row of openings extending to the canthus.
The duct orifice at the canthus was the most con-
stantly identifiable opening and lay in the conjunctiva
immediately behind the canthus or within a milli-
metre of it. This 'sentinel' orifice was often a few
millimetres away from the next orifice in the row,
although at times two such orifices might lie close
together.
Once a duct orifice had been identified with

fluorescein it was often possible to observe the larger
orifices in white light. Duct orifices might be round or
slit-like, double contoured, exhibit a central aper-
ture, or lie behind a short conjunctival fold. They
were usually located in a less vascular zone than
neighbouring conjunctiva.

Patients diagnosed as having keratoconjunctivitis
sicca, or Sjogren's syndrome, on the basis of inter-
palpebral staining, reduced Schirmer's test results,
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Table 1 Assessment of lacrimal gland and lacrimalfluidflow in various subjects

Age Sex Ease of Number of Sentinel Flow Comment
(years) prolapse ductules ductule grade

R L R L R L R L

71 F 2 2 6 8 + + 4 4 L post op. graft
23 M 2 2 7 5 + + 4 4 Bilateral battery

acid
20 F 2 2 3 3 + + 4 3 R trauma
74 F 2 2 12 12 + + 3 3 R implant
88 F 1 1 2 2 + + 3 3 Normal
81 F 1 1 3 2 2 2 Chronic simple

glaucoma
84 F 1 3 3 2 2 Normal
84 M 2 2 8 5 + + 4 2 Normal
57 M 1 1 3 6 3 3 Normal
15 M 1 1 3 4 3 3 Normal
46 F 1 2 3 6 3 3 Normal
74 M 2 2 8 11 + + 3 3 Normal
76 M 2 2 11 6 + 3 3 Normal
69 F 2 2 5 4 2 3 Normal
73 F 1 1 5 4 + 2 2 Normal
72 F 2 2 4 6 + + 2 2 L scleritis
71 F 1 1 NA 2 NA - NA 3 Normal
46 M 1 1 NA I NA NA I Normal
20 M 1 1 7 NA + NA 3 NA R lithium burn
84 M 1 1 3 3 3 3 Normal
54 M 1 1 3 3 3 3 Normal
58 M 2 2 4 4 3 3 Normal
60 F 1 1 1 4 + + 3 3 Normal
49 M 2 2 5 6 + + 3 3 Normal
72 M 1 1 1 3 2 2 Normal
60 F 2 2 7 5 + + 3 3 Normal
50 M 1 1 5 2 + 2 2 Normal
73 F 1 2 0 2 0 + 0 2 Normal
49 F 2 2 3 3 + + 2 2 Normal
68 M 2 2 5 5 + + 2 2 Normal
11 M 2 2 5 5 + + 3 3 Normal

Mean 58-7 4-48 4-33
SD 2-9 2 6

NA=not assessed.

and/or a reduced break up time, were examined by and cornea of one eye no lacrimal streams could be
the test. In one patient with asymmetrical keratocon- identified despite easy prolapse of the gland. The
junctivitis sicca and severe non-wetting features fellow lacrimal gland showed normal orifices, though
affecting the exposed and non-exposed conjunctiva only three were counted despite ready prolapse of the

gland; flow was recorded as 2+. In another patient
Table 2 Lacrimal gland and lacrimal assessment in patients with disease of similar severity bilaterally a few
with keratoconjunctivitis sicca orifices were identified on each gland, but no lacrimal

flow. In other patients with keratoconjunctivitis sicca
Age Sex Ease of Number of Flow Comment definite streaming was visible even in those with zero

prolapse ductules grade Schirmer's tests. However, apparent flow rates in

72 M 1 1 2 2 2 2 KCS such patients were no different from those observed
69 F 2 2 6 6 3 3 KCS zeroSchirmer in some normal subjects, with values graded 1-2+
42 F 2 2 0 3 0 2 KCS punctate (table 2).
43 F 2 2 4 4 2 2 KCS
52 M 2 2 2 2 0 0 Secondary Sjogren Discussion
37 F 2 2 3 2 2 1 Secondary Sjogren
68 M 1 2 1 2 2 2 KCS

This appears to be the first demonstration of the
KCS=keratoconjunctivitis sicca. visibility of the lacrimal ductular orifices in human
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subjects. The demonstration of flow from individual
orifices offers a series of fresh possibilities in the study
of normal and abnormal lacrimal function. In this
study a clinical grading of flow was made difficult by
the presence of multiple streams of fluid for which it
was difficult to generate a composite score. However,
it may be feasible to collect the total lacrimal secretion
in suitable subjects by 'capping' the prolapsed gland
with a moulded cup attached to a collecting tube. The
variable ability to prolapse the lacrimal gland means
that the orifice count may not reflect the total number
of ducts reaching the surface. However, when the
gland prolapses fully, the counts will be reliable and
will provide a precise number which can be compared
between normal subjects and those with the sicca
syndrome.
Many duct openings can be identified in white light

even without prior demonstration with fluorescein,
and it seems likely that the larger of these could be
cannulated and the lacrimal fluid examined directly.
It has already been possible to collect lacrimal fluid
directly from the mouths of the lacrimal ductules.
This will allow a determination of the origins of
constituents present in tear fluid (which derives
from the conjunctival secretions combined with the
lacrimal fluid itself). This approach has already been
developed experimentally in laboratory animals.45
Apart from direct comparisons of electrolyte and

protein constituents it will be possible to demonstrate
whether mucus glycoprotein is secreted by the human
lacrimal gland. At present such a proposition de-
pends solely on the histochemical demonstration
of sulphated and sialated glycoproteins within the
lacrimal acini. This staining pattern is not specific to
mucus glycoprotein67 and could reflect simply the
presence of enzyme proteins.

It must be recognised that the manipulations
necessary to expose the lacrimal gland surface in-

evitably stimulate reflex tearing, so that some com-
parisons between lacrimal fluid and tears will not be
possible. On the other hand it may be feasible
to examine more closely the effects of locally or
parenterally administered secretagogues by this
approach. Other approaches suggest themselves for
consideration: comparison of steady state plasma and
lacrimal fluid fluorescein levels after oral dosing with
fluorescein will inform about the blood-barrier pro-
perties of human lacrimal gland; it may be possible to
delineate lacrimal ductular structure by retrograde
injection of radio-opaque dyes, much in the sense
of sialography techniques but on a smaller scale.
Finally, if it becomes possible to cannulate the
lacrimal ductules, then certain pressing questions as
to the role of the lacrimal gland in tear secretion can
be answered.
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