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Fig. 4 Comparison between
tear lysozyme concentration
and Schirmer test results.
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greater than in those patients without (p<O0OOJ).
Patients with keratoconjunctivitis sicca without

doubt had a significantly reduced mean TLR value
of 0-52 (p<0 001).

Schirmer tests. Patients with questionably dry
eyes without particulate matter had a mean value
of 19 mm, which was not significantly reduced.
Such patients with particulate matter had a mean
value of 7 mm, which was significantly low
(p<O0OOl). The results are given in Fig. 3.

Patients with keratoconjunctivitis sicca without
doubt had a significantly reduced mean value of
5 mm (p<0O001).

Correlation between tear lysozyme concentration
and Schirmer test. Comparison of tear lysozyme
concentrations and Schirmer tests performed at the
same examination are shown in Fig. 4, both for the
normal eyes and for the dry or questionably dry
eyes. The statistics are given in Table 1.

There was no significant correlation between the
Schirmer test and the tear lysozyme concentration

in normal eyes, while there was good correlation
(p < 001) for undoubted keratoconjunctivitis sicca.
Correlation thus occurs when the tear fluid has
diffused not further than 15 mm along the Schirmer
strip.

Table 1 Correlation between tear lysozyme ratios
and Schirmer tests for clinical groups

Total Correlation Significance
Clinical group numbers coefficient (r) level

Normal eyes 82 0 14 NS
Keratoconjunctivitis sicca

without doubt 10 0-86 0-01
Questionably dry eyes:

without particulate matter 46 0-27 NS
with particulate matter 11* 0-70 0-02

All groups with Schirmer
values:
between 0 and 15 mm 59 0-63 0 001
between 16 and 30 mm 92 0-13 NS

*2 aberrant points of (0 7/20) and (0 6/20) omitted. NS = Not
significant.
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6

 group.bmj.com on February 13, 2012 - Published by bjo.bmj.comDownloaded from 



The questionably dry eye

The correlation coefficient for all eyes within the
Schirmer strip range of 0 to 15 mm was 0-63
(p<0001). By linear regression within this range
the Schirmer result of 7 mm was equivalent to the
TLR of 10. Since a TLR of 10 was the lowest
limit of normality, this supported our previous
findings that the lowest normal limit of the Schirmer
test (with our modification) should be considered as

6 mm.
Schirmer tests of 0 to 6 mm were associated with

low TLRs; they occurred in patients with known or
suspected sicca. However, 3 normal eyes and 4
questionably dry eyes, of which one had particulate
matter, gave low Schirmer results (<6 mm) and
normal TLRs. In some instances where there is a

reduced tear flow a reduced secretion of lysozyme
may produce an apparently 'normal' concentration,
indicating that tear flow and tear Iysozyme are not
necessarily interrelated.

Schirmer tests of 16 to 30 mm did not correlate
with the tear lysozyme concentration. They reflected
a normal flow of tear fluid with a normal or moder-
ately low lysozyme concentration. A low tear
lysozyme result in the presence of adequate tear flow
occurred in 1 eye of a patient with keratoconjuncti-
vitis sicca, 2 eyes of patients with questionable
dryness and particulate matter, and 5 eyes of similar
patients without particulate matter. These results
were probably due to reduced secretion of lysozyme
in a normal tear flow and represent an early sign of
lacrimal gland dysfunction in the patient with

objective signs of a dry eye. This accords with our
findings in patients on practolol.36

Table 2 shows the results of Schirmer tests in
patients with moderate and severe tear lysozyme
depletion. TLRs of 0-5 or less (severely depleted)
were associated with low Schirmer tests of less than
7 mm. TLRs of 0-9-06 (moderately depleted) were
associated with Schirmer tests of 0 to >30 mm; 11

out of 17 patients had values >7 mm. Normal
lysozyme results were associated with Schirmer
tests of 3 to >30 mm confirming that while the
Schirmer test is of value in detecting the eye with
severely depleted lysozyme secretion, it is unreliable
for detecting the eye with moderately depleted
lysozyme secretion.

Xerostomia. Table 3 shows the laboratory results
obtained. All 3 patients had unequivocal evidence
of xerostomia, but had a normal tear lysozyme
concentration. All 3 patients had normal eyes on
external examination, with no evidence of kerato-
conjunctivitis sicca. These findings confirm that
patients can have xerostomia in the absence of dry
eyes.

Discussion

The description of an ocular adverse reaction to
practolol37 was followed by sporadic reports of eye
symptoms and signs in response to beta blocker and
other drugs, and an increased interest in the effects
of drugs generally upon the lacrimal gland.

Table 2 Values of Schirmer tests for tear lysozyme concentrations

Schirmer I test (modified)

Tear lysozyme Total Mean Standard 95% Confidence limits
concentration (TLR) numbers value deviation

Mean Range

4-7-1-0 (normal) 120 21 9 1 19-23 3->30

0-9-06 (moderately depleted) 18 13 8 7 9-17 0->30

0-5-0-2 (severely depleted) 12* 3 2-4 2-4 0-6

*1 aberrant point of(0 4/1 1) omitted.

Table 3 Results ofpatients investigated for xerostomia and dry eyes

TLR
Parotid glandflow Labial salivary gland biopsy
(ml/gland/min) Right Left

Patient 1 0-06 Chronic inflammatory cell infiltrate-grade 4 1-3 1-6

Patient 2 0 04 Chronic inflammatory cell infiltrate-grade 4 2-4 2-6

Patient 3 <0 01 Chronic inflammatory cell infiltrate-grade 4 3-3 3-4

Normal range >010 Grade 1 and 2 4-8 to 10
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The questionably dry eye is by implication not a
severely dry eye, but it is an eye which may have a
moderately reduced tear flow and there may be a
moderately reduced tear lysozyme content. There
is doubt about the diagnosis. It was shown by
McEwen and Kimura that lysozyrme deficiency
preceded tear depletion.38 This may be too simplistic
a view. We have attempted to assess the association
of tear lysozyme and tear flow volu'. Our results
for the latter depend on our modified Schirmer I
test.

It has always been assumed that the 2 eyes were
equally involved in the sicca process and our results
for lysozyme concentration have shown correlation
between one eye and the other, as in normals.34
However, occasional cases do occur where there can
be a normal lysozyme concentration in one eye and
a low, abnormal concentration in the other.
The real problem in the clinical assessment of the

questionably dry eye is the differential diagnosis
from other conditions. In clinical practice the
assessment is not so often between a dry eye and
not a dry eye but between a dry eye and some other
ocular pathology, and there is always the possibility
that two conditions may coexist.
At the present time the laboratory assessment of

the questionably dry eye is best made by the tear
lysozyme test. This would appear to relate to lacri-
mal gland function. Recent work has shown that
there is no functional or qualitative difference
between the main and accessory lacrimal glands39
refuting previously expressed ideas of Jones,40 and
supporting the conclusions of Jordan and Baum3'
that there is really no such phenomenon as a basic
tear flow. Further work needs to be done on the
relationship of the speed of reflex tear production
and tear lysozyme concentration.
There are 2 aspects to our results. Firstly, there is

the interpretation involved in group studies, and,
secondly, the interpretation in the individual patient.

GROUP STUDIES
In group studies we compare mean values statistically
with those of a normal population. From our
present studies a group of patients may be considered
to have abnormally low tear lysozyme concentration
if their mean tear lysozyme ratio value is less than
2-1 (the mean of normal eyes at its lower 95%
confidence limit). It should be noted that our method
involves the use of calibrated standards and is
therefore independent of temporal and spatial
variations. It is of interest that in one of our group
studies (questionably dry eyes without particulate
matter) we found that the mean Schirmer I test
value was normal when the mean tear lysozyme ratio
was significantly reduced.

THE INDIVIDUAL PATIENT
In the individual patient we compare values with
the lowest expected (at the 95% confidence level)
for a normal population. From our present studies
we have concluded that an eye can be considered
moderately dry if the tear lysozyme ratio result is
between 09 and 0-6 or if the Schirmer I test, as we
have modified it, is less than 6 mm.
There have been a small number of patients

whose tear lysozyme concentration and Schirmer
test value has not correlated. Either the tear lysozyme
concentration was normal and the Schirmer test
was low or vice versa. None of these patients had
keratoconjunctivitis sicca without doubt.
We have also concluded that an eye can be con-

sidered severely dry if the tear lysozyme ratio is less
than 05 and the modified Schirmer I test is less
than 6 mm. It is of interest to note that 3 of the 23
eyes in this study, which were considered question-
ably dry with particulate matter on clinical exami-
nation, in fact fell within this severely dry category.

In this paper we have been concerned with
lysozyme concentration. However, other proteins
are present in tear fluid including secretory IgA,4
other immunoglobulins,42 complement compo-
nents,43 lactoferrin,44 ceruloplasmin,45 oroseromu-
coid,46 and P-lysin.47 We have initiated an investiga-
tion of the concentration of these proteins by the
ELISA (enzyme-linked immunoassay) technique.
The results will reflect different aspects of lacrimal
gland function, and alterations of other proteins
may be a more sensitive marker of diminished
activity.
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Eye Hospital, London ECI. We thank Dr J. S. Greenspan,
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his investigation of the patients with xerostomia. We thank
Dr D. R. Gamble, Public Health Laboratory, Epsom, for
his critical advice, and Dr D. G. Fleck, St George's Hospital,
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