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Interobserver agreement in assessment of ocular
signs in coma
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SUMMARY There is interobserver agreement in the assessment of various ocular signs found in
coma patients. As measure for observer agreement the parameter kappa (K) was determined for
(in-)equality of pupils, reaction of pupils, spontaneous eye movements, and oculocephalic responses.
The agreement in the assessment of the pupils to light and in the assessment of (in-)equality of
pupils appeared to be satisfactory, but more disagreement occurred in assessing spontaneous eye
movements and oculocephalic responses.

Spontaneous and induced eye movements are of
prognostic value in patients with severe head
injuries (Mingrino et al., 1965; Fisher, 1969;
Poulsen and Zilstorff, 1972; Teasdale and Smith,
1975; Bricolo et al., 1977).
The prognostic value of various clinical ob-

servations is currently being assessed in an inter-
national study of prognosis of severe head injury
(Jennett et al., 1976, 1977, 1979; Braakman et al.,
1979). In this study early features of patients
with severe head injuries are recorded pro-
spectively and correlated with outcome, and
results have confirmed that eye movements are
of prognostic value (Table 1). This is compatible
with the value of eye movements as an indication
of brainstem function, and also with the concept
of a centripetal accumulation of brain damage

Table 1 Features with major prognostic value in
the first 1000 patients in the international study on
prognosis of severe head injury
Feature

Age in decades
Best motor response, arms
Sum score Glasgow coma scale
Pupil reactions to light
Spontaneous eye movements, oculocephalic response and

vestibulo-ocular response
Motor pattern
Presence or absence of apnoea
Change within a certain period of time

after head injury, the brainstem being affected
only in more severe injuries.
The practical prognostic value of all these

signs depends on the consistency of assessment.
This is determined by both the inter- and intra-
observer agreement.

Inter- and intraobserver disagreement may
result from the following factors: (1) the patient
having undergone a real change in the time that
elapsed 'between observations; (2) different
technique of eliciting response; (3) bias or
"emperor's clothes syndrome" (Andersen 1835;
White et al., 1969; Gross, 1971; van Giin and
Bonke, 1977); (4) a difference between observers
regarding boundary lines of categories, despite
similarity in classification system; (5) personality
differences, the doubter against the resolute (the
doubter is an observer who rates categories like
"uncertain" and "other", more frequently than
the resolute); (6) mistakes in scoring.
The aim of the present study was to determine

the interobserver agreement in rating (in-)
equality of pupils, reaction of pupils to light,
spontaneous eye movements, and oculocephalic
responses.

Patients and methods

PATIENT POPULATION AND OCULAR SIGNS STUDIED
Over a period of three months spontaneous and
elicited ocular signs were studied in 30 con-
secutive patients in whom consciousness was
depressed to a level at which the eyes would not
open in response to painful stimuli, commands
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were not obeyed, and verbal response was, at
best, comprehensible-that is, sounds, no words
-at the time of the study.
The study included patients with depressed

level of consciousness caused either by head in-
jury or by non-traumatic factors.
The following four ocular signs were

studied: (in-)equality of pupils; reaction of
pupils to light; spontaneous eye movements;
oculocephalic responses. The categories of
spontaneous eye movements and of oculocephalic
responses that were offered to the observer are
shown in Table 2. The validity of the rank

Table 2 Categories of spontaneous eye nmovements
cnd ocuilocephalic responses offered to observers
Spo:taneous eye movements Oculocephalic responses

I Normal (fixation) I Fixation (normal)
2 Roving conjugate 2 Full
3 Roving disconjugate 3 Minimal
4 Lateral deviation 4 Absent
5 None
6 Other

order with regard to prognosis was confirmed by
computer analysis of the data of the first 1000
patients in the international databank of the
study on the prognosis of severe head injury
(Jennett et al., 1976, 1977; Braakman, 1978;
Braakman et al., 1979).
When in doubt the investigators were in-

structed to rate the higher category and to give
the patient the benefit of the doubt on prognosis.
For the oculocephalic responses the best response
observed was rated.

Oculocephalic responses were considered
"minimal" when a response was slight or doubt-
ful, "full" when a clear response was seen to at
least one side. Otherwise no strict definitions
were given to the observers for rating, in order
not to influence pre-existing ideas.

Six observers participated in the study. Each
patient was examined by four doctors from this
regular group of six, all with several years ex-
perience in neurological examination. Two of
the physicians were senior staff members (Br and
vG). All patients had been in coma for at least
six hours, and seemed to be in a steady state at
the time. All examinations on a patient were
performed consecutively within one hour. It is
unlikely that their level of consciousness changed
during that period. Two patients were excluded
because not all four examinations could be
performed within one hour, leaving 28 cases for
study. The physicians remained ignorant of each
other's results. No information was given on the
case histories.

STATISTICAL ANALYSIS
Overall observer agreement
This may be defined as the proportion of in-
stances in which the observers agree as to the
presence or absence of a certain feature. It
depends on both the number of investigators and
the number of categories recognised when scoring
an item. However, it is also necessary to take into
account the possibility that agreement occurs
from "chance". To compensate for these in-
fluences a coefficient of pairwise agreement was
used.

Coefficient of pairwise agreement between
observers
It was assumed that no interobserver bias
existed as the group of four physicians was not
identical for each patient. In other words, we
suppose that no physician gives a particular
score more often than another. A raw measure
of pairwise agreement is P., the number of
agreeing pairs divided by the total number of
pairs. Suppose a patient receives the four scores
1, 1, 2, 2. Although there is no overall agreement
on this patient there are two agreeing pairs,
namely 1, 1 and 2, 2 and four disagreeing pairs.
P. therefore expresses the probability that two
physicians will give the same score to a patient.
On the other hand agreement may also occur
by chance. The probability of this is estimated
by Pc. Suppose there are two possible scores +
and - and the probability of a + equals 0.3.
Then the probability that two observers both
give a + solely on the basis of chance is
0.3X0.3=0.09 and Pc is 0.3X0.3+0.7X0.7=
0.58. For Pc a fixed schedule cannot be given,
because in all cases different corrections have to
be made for the number of times that every
single category was chosen.
The estimation procedure of Pc is given by

Fleiss (1971). (See also Cohen, 1960, 1968;
Spitzer et al. 1967; Spitzer and Fleiss, 1974;
Koran, 1975.)

Since Pc is the proportion of agreement ex-
pected by chance, 1-Pc may be regarded as a
measure of possible improvement in the pro-
portion of agreement that may be obtained and
Po-Pc expresses the actual improvement. Thus a
chance corrected measure of agreement is the
coefficient (Po-Pc)/(1-Pc) termed kappa (K).
K=o when there is only chance agreement and
K=1 when complete agreement exists. A value
of kappa between 0 and 1 indicates that there is
more agreement than is to be expected from
chance alone.
Kappa was calculated for the assessment of
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(in-)equality of pupils, reaction of pupils to
light, spontaneous eye movements, and oculo-
cephalic responses. The standard error of kappa
was computed in order to indicate how ac-
curately the agreement is measured (the com-
putational procedure is explained in the
appendix).
The null hypothesis that the physicians only

agreed by chance was tested by means of a
standard normal value Z (Fleiss, 1971).
The categories are ranked to gravity. Weighted

kappa (= K,) takes account of the fact that dis-
agreement in choosing two close possibilities is
not as serious as choosing two less proximate
possibilities. The determination of weighted kappa
in this study was not possible because the differ-
ence between the categories could not be rendered
in exact numerals.

Results

OVERALL AGREEMENT
The scores of 28 patients, given by four phys-
icians per patient, are shown in Table 3. Not only
did small differences occur, but sometimes even
conflicting scores were given. In case 23, for
example, two of the four physicians considered
the right pupil the largest and two the left. In
another case (19) three of the four physicians did
not observe any spontaneous eye movement,
while the fourth rated roving conjugated eye
movements.
The overall agreement is shown in Table 4. It

appears that the highest agreement occurred in
the assessment of the reaction of pupils to light.

Table 4 Overall agreement between observers
Feature A greemen t %

Inequality or equality of pupils 16/28 57
Reaction of right pupil to light 19/28 68
Reaction of left pupil to light 20/28 71
Spontaneous eye movements 13/28 46
Oculocephalic responses 12/28 43

PAIRWISE AGREEMENT
Table 5 contains the computed values of Po, Pc,
kappa and its standard error, and Z for each

investigated feature. Each Z value corresponds
with a tail probability smaller than 0.02, mean-
ing that each kappa is significantly greater than
0. In other words: the observed proportion of
agreement P0 is significantly greater than the
chance proportion of agreement P,.
The agreement in the assessment of pupils to

light and in the assessment of (in-)equality of
pupils appeared to be satisfactory. More disagree-
ment between the investigators occurred in
assessing spontaneous eye movements and oculo-
cephalic responses.

Discussion

Any clinical sign is subject to different interpreta-
tion by various observers.

In recent years there has been increasing
interest in studies of clinical observer disagree-
ment (Houfek and Ellingson, 1959; Bull et al.,
1960; Abbassioun et al., 1966; McCance et al.,
1968; Woody, 1968; White et al., 1969; van Gijn,
1977; Teasdale et al., 1978; a review of observer
disagreement studies is given by Koran, 1975).
The prognosis of patients comatose as a result

of head injury, includes the level of conscious-
ness as represented in the three aspects of the
Glasgow Coma Scale and also on brainstem
signs like pupil reactions and eye movements.
The first reference to observer disagreement

in comatose patients is by Teasdale and Jennett
(1976). Braakman et al. (1977) demonstrated a
satisfactory agreement in the assessment of the
motor response of the Glasgow Coma Scale. This
was confirmed by Teasdale et al. (1978), who
also found a satisfactory agreement in the assess-
ment of eye opening and verbal response in
comparison with other features. They observed
a lower rate of agreement in assessing the (in-)
equality of the pupils than in their reaction to
light. We were able to show that the observer
agreement in assessing ocular signs is more than
may be expected from chance. Yet the calculated
values of kappa are not high. Especially in the
interpretation of spontaneous eye movements
and oculocephalic responses, only a moderate
interobserver agreement was seen. Studies on

Table 5 Pairwise agreement between observers

Number ot
Feature categories PO P,. K .SE(K) Z

Inequality or equality of pupils 3 0.76 0.39 0.61 0.09 8.71
Reaction right pupil 2 0.82 0.51 0.62 0.46 2.10
Reaction left pupil 2 0.83 0.51 0.65 0.45 2.25
Spontaneous eye movements 6 0.63 0.31 0.46 0.10 7.08
Oculocephalic responses 4 0.67 0.35 0.49 0.09 8.07
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observer agreement in vestibulo-ocular responses
are still in progress, as it was difficult to assess
kappa for these responses without audiovisual
methods.

In our study junior doctors did not disagree
more often than their more senior colleagues.
A reason for the relatively low agreement

rates may be that no attempt was made to
influence pre-existing ideas on the classification
of the responses, as it was our intention to
approach the actual clinical situation as closely
as possible. More exact definitions of the various
types of spontaneous eye movements and oculo-
cephalic responses might have improved the
agreement rates.
Pc in kappa (Po-Pc/(1-Pc) is corrected for the

number of categories. The lowest kappa values
in our study were observed in the features with
the largest number of categories. It is more
difficult to obtain total agreement in a classifica-
tion of many categories than in case of just
two. This means a classification should not con-
tain more categories than necessary for the
purpose; the number of classes should be limited.

Apart from a study on the motor response of
the Glasgow coma scale (Braakman et al., 1977),
too few studies on observer agreement analysed
by this method have yet been performed to allow
comparison of the observer values of kappa for
ocular signs with those observed for other
features.

In clinical practice the moderate observer
agreement rate will decrease the value of separate
ocular signs as prognostic features in patients with
impaired consciousness. Possibly a higher agree-
ment rate may be achieved by combining the
ocular signs to form an index as a total eye score
consisting of spontaneous eye movements plus
oculocephalic responses, perhaps in combination
with the vestibulo-ocular responses.
When features with a high discriminating value

are used to assess prognosis in individual patients,
the interobserver agreement should be taken into
account. A feature, even if generally considered
to be of prognostic significance, will be of little
value in making predictions in individual patients
when the interobserver agreement is very small.
Prognostic features should have not only a large
discriminating value, but also a high inter-
observer agreement rate.
Our results confirm that doctors may disagree

not only on the best method of treatment for a
particular patient, but even on the interpretation
of basic clinical signs. Important management
decisions should not rely on one single observa-
tion by one physician, but preferably on repeated

examinations by different physicians.

We would like to express our gratitude to M. W.
Berfelo, A. Boesten, K. Franke, and J. van Gijn,
for scoring the symptoms. This paper was com-
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Appendix

In computing the standard error of kappa, the
chance proportion of agreement Pc is treated as
a constant. Since the notation of Fleiss (1971) is
used below, the following can only be understood
after reading his paper.
The estimated variance of kappa may be

written as

var(K) = var(YIsi)/{ Nn(n-l) (l_-Jpj2) }2,
where s, = ljn Ij,
and var(1isi) = Ss2_(JS1)2/N.

The standard error of kappa SE(K) equals the
square root of var(K). In the case of the binary
variable pupil reaction, formulae for agreement
on a particular category are used.
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