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Summary: Ninety urine samples were examined twice by 3 “observers” (two persons, using only visual
observation, and one person using a spectrophotometric analyser) using multiple reagent teststrips. To
determine reproducibility, inter- and intra-observer agreement were calculated and expressed as Cohen’s kappa

and as weighted kappa.

The results show negligible intra-observer differences between the visual and spectrophotometric observation.
The lack of agreement between inter- and intra-observer urinalysis results, using multiple reagent test strips
was disappointing, considering the simplicity of the test procedure. Further improvement of reproducibility,
e.g. by enhancing the discoloration of the test pads, is necessary. Reproducibility is not improved by using a
spectrophotometric analyser instead of visual reading of the test strips.

Introduction

Urinalysis is very frequently performed in clinical
chemistry laboratories. The test problems for urinal-
ysis can be divided into two main groups:

— microscopic examination of the urinary sediment
— examination using multiple reagent test strips.

The urinary sediment used to be a widely used diag-
nostic tool. However, sediment analysis is subject to
many sources of errof, and it has a rather low relia-
bility (1, 2).

Several years ago a multiple reagent test strip was
developed. The discoloration of its test pads after
immersion in the urine sample can be visually judged
or measured by méans of a spectrophotometer. Since
it is very easy to use, it appears to be a suitable
alternative to the analysis of urinary sediment. When
used with the spectrophotometer it is considered to
be “an almost ideal test: simple to perform, quick,
inexpensive and easy to interpret” (3). The literature
however reveals little information about its diagnostic
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performance (4—8). Therefore we thought that an
additional evaluation was required.

In the evaluation of a diagnostic tool both its diag-
nostic value and its reproducibility should be deter-
mined (9). The diagnostic value is the certainty with
which a positive or negative test result predicts the
presence or absence of a disease. Reproducibility is
the extent to which the test leads to the same result
when performed by different analysts using the same
or different reading techniques (inter-observer agree-
ment) or when performed by the same analyst (intra-
observer agreement).

A diagnostic test can only have a high diagnostic
value if reproducibility is good. Low reproducibility
may mean that the test procedure can still be im-
proved, thereby also improving the diagnostic value
of the test.

The reproducibility of urinalysis can be considered to
be good, if repeated testing leads to the same results,
and it can be assumed that no real change has oc-
curred in the urine sample between the first and last
test.
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Tab. 1. Inter-observer agreecment for the several pairs of ob-
servers, expressed as Cohen’s kappa for leukocytc es-
terase activity, nitrite, acidity (pH), protein, glucose,
ketone bodies and blood.

Tab. 3. Inter-observer variation agreement for the several pairs
of observers, expressed as weighted kappa for leukocyte
esterase activity, nitrite, acidity (pH), protein, glucose,

' ketone bodies and blood.

Testpad Observers Testpad Observers Mean
1versus2 1versus3 2 versus 3 12 1e3 263

Leukocyte 0.74 0.57 0.70 Leukocyte 0.85 0.88 0.86 0.84

esterasc esterase

activity activity

Nitrite 0.91 0.98 0.95 Nitrite 0.91 0.98 0.95 0.95

pH 0.86 0.52 0.54 pH 0.91 0.84 0.68 0.81

Protein 0.82 0.53 0.54 Protein 0.94 0.82 0.86 0.87

Glucose 0.62 0.46 0.34 Glucose 0.93 0.81 0.74 0.83

Ketone 0.92 0.37 0.36 Ketone 0.98 0.67 0.73 0.80

bodies bodies

Blood 0.83 0.72 0.58 Blood 0.95 0.93 0.89 0.92

Mean 0.81 0.59 0.59 Mean 0.92 0.85 0.82

1 = laboratory technician 1 = laboratory technician

2 = laboratory school student 2 = laboratory school student

3 = spectrophotometric analyser 3 = spectrophotometric analyser

Tab. 2. Intra-observer agreement, expressed as Cohen’s kappa
for leukocyte esterase activity, nitrite, acidity (pH), pro-
tein, glucose, ketone bodies and blood.

Tab. 4. Intra-observer agreement, expressed as weighted kappa
for leukocyte esterase activity, nitrite, acidity (pH), pro-
tein, glucose, ketone bodies and blood.

Testpad Observers Testpad Observers Mean
1 2 3 1 2 3

Leukocyte 0.57 0.61 0.77 Leukocyte 0.85 0.92 0.94 0.90

esterase esterase

activity activity

Nitrite 0.88 1.0 091 Nitrite 0.88 1.0 0.91 0.93

pH 0.73 0.80 0.67 pH 0.92 0.88 0.88 0.89

Protein 0.74 0.64 1.0 Protein 0.92 0.97 1 0.93

Glucose 0.86 0.87 0.94 Glucose 0.98 0.94 0.93 0.96

Ketone 0.88 1.00 0.75 Ketone 0.98 1 0.66 0.88

bodies bodies

Blood 0.85 0.75 0.86 Blood 096 - 0.94 0.97 0.95

Mean 0.79 0.81 0.84 Mean 0.93 0.94 0.90

1 = laboratory technician 1 = laboratory technician

2 = laboratory school student 2 = laboratory school student

3 = spectrophotometric analyser 3 = spectrophotometric analyser

Discussion

We chose kappa and weighted kappa as measures for
inter- and intra-observer agreement (16—18). They
are now accepted measures in the evaluation of re-
producibility in clinical medicine. They express the
extent that agreement exceeds the agreement achieved
by chance. Although there exists no objective inter-
pretation, kappa under 0.40 is interpreted as low
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agreement; kappa between 0.40 and 0.75 is interpreted
as moderate to reasonable agreement and kappa
higher than 0.75 is interpreted as good agreement (16,
17). We believe that agreement should be good if a
test is to be applied in clinical practice.

The changes that can occur within the urine-sample
itself are relatively well known (2, 14, 15). Before the
experiment, all urine samples were stored below 8 °C.
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During the experiment, all urine samples were ho-
mogenized before examination and every sample was
examined twice by every observer within one hour. In
this period, relevant alterations are very unlikely to
occur. Therefore, we can presume that varying test
results for each urine sample are not caused by alter-
ations within the urine sample itself.

Visual observation on the other hand, in which the
amount of experience and education may play an
important role, is less controllable. Overall there is
only a negligible difference in intra-observer agree-
ment between the two visual observers and the spec-
trophotometer. Although it is not possible to draw
hard conclusions, the data do not show a positive
influence of experience on intra-observer agreement.

For the majority of test-pads, inter-observer agree-
ment is not high enough (lower than 0.75). Adequate
agreement between the three observers was achieved
only for nitrite. There is, however, a remarkable agree-
ment between the laboratory technician and the lab-
oratory-school student. Their agreement with the
spectrophotometric analyser is considerably lower.
This striking difference may (at least partly) be ex-
plained by the following: Although we adjusted the
cut-off levels of the spectrophotometric analyser so
that they matched those for visual observation, small
differences cannot be ruled out. Obviously, this could
only influence inter-observer agreement between the
spectrophotometric analyser and both visual observ-
ers.

It should be realized that the higher inter-observer
agreement between the two persons does not mean
that their readings reflect the composition of the urine

sample more validly than the readings from the spec-

trophotometric analyser. It is quite possible that a
good agreement is achieved, despite inaccurate obser-
vations, when two observers make the same mistake
in the same measurement.

Intra-observer agreement permits insight into the per-
formance of each separate “observer”. The highest
intra-observer agreement could be expected for the
spectrophotometric analyser, which is not impeded by
factors like lack of experience, tiredness etc.

Nevertheless, intra-observer agreement for the spec-
trophotometric analyser is not always perfect.

The performance of the two “visual” observers is
hardly worse than that of the spectrophotometric

Appendix

Suppose two observers perform a test on N cases.
The test can give outcomes with k possibilities.

analyser (the mean of kappas is 0.79, 0.81 and 0.84
respectively).

Urinalysis by a spectrophotometric analyser results
in only a minor improvement of reproducibility. Our
data do not confirm the (generally accepted) assump-
tion that “automation” of urinalysis improves the
reproducibility of urine examination.

Perhaps large discrepancies in the test strip readings
should be penalized more harshly than small ones.
Therefore, we also calculated weighted kappa. The
result was a considerable increase in kappa-values for
both inter- and intra-observer agreement. This points
to the fact that in general the disagreements did not
exceed one category on the ordinal scale.

However, for clinical practice we believe that even
such a small disagreement is also important and
should not be tolerated.

In general, the kappa-values we calculated demon-
strate that reproducibility of urinalysis with test strips
leave room for improvement. How this improvement
can be achieved is not yet clear. Our results show that
it is not likely to be achieved by using a spectropho-
tometric analyser. For visual test strip réading it
would help if the degree of discoloration of test pads,
in particular for leukocyte esterase activity and glu-
cose, could be enhanced.

Conclusions

Reproducibility of urinalysis by using multiple reagent
test strips is (as a rule) moderate to good. However,
for such a simple test procedure, one should not be
satisfied with a reproducibility which is (only) mod-
erate to good. Intra-observer agreement for spectro-
photometric analysis is only marginally higher than
intra-observer agreement with visual observation. In
view of these small differences, application of a spec-
trophotometric analyser is not a matter of course.
Further efforts to enhance reproducibility should be
encouraged. At present, the results of urinalysis with
test strips is still quite dependent on when, and by
whom the reading is performed and on what equip-
ment is used. v
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Judging the cases leads to the following table with

" chances for (dis)agreement.

‘e
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Observer A (i)

Observed agreement = py; + Py + ... + Py
Expected chance agreement = P, P, + P, P, + .
+ Py Py

Kappa corrects for the “agreement by chance” in the
following way:

__ observed agreement (%) — expected chance agreement (%)

Observer B (j) 1 2 ..k total
1 Py, P12 .« P P;.
2 Py, P, .. Py P,
P, P, . . Pu P
Total P, P, .. Py 1
Kappa
. P, — P,
ie. kK = ——=
1 - P,

Kappa can vary from —1 up to +1.

A negative kappa means that the agreement is less
than that expected from chance. A kappa-value of 0
means that the agreement is equal to the expected
chance agreement, and kappa larger than 0 means
that the agreement is higher than the expected chance
agreement. Weighted kappa also takes into account
the severity of the disagreement in observations on
an ordinal scale.

Since observers do or do not agree with each other,
the proportion of disagreement Q can be seen as 100%
minus the proportion of agreement P, and therefore
Q=1-P

The equation for kappa can then be changed into:

(1-QJ - (1-Q) _Q—Q

1 - (1 —Qe) Qe
Then weighted kappa
Q.
Ke =1 ——=—.
Q.
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