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ABSTRACT: Inter-observer agreement was evaluated for twelve items used in the neurological assessment of 
comatose children. Data were obtained prospectively on fifteen patients examined independently by two observers in a 
double-blind fashion. Observer variability was measured by using the Disagreement Rate and Kappa statistic. The 
Disagreement Rate ranged from 0.01 to 0.12 for all items. Values for Kappa statistic were generally in accordance with 
those for Disagreement Rate. The data suggest fair to almost perfect inter-observer agreement for the items used to 
assess comatose children in this study. 

RESUME: Concordance inter-observateur dans ('evaluation d'enfants comateux Nous avons evalue la concor
dance inter-observateur pour douze items utilises dans revaluation neurologique d'enfants comateux. Les donnees ont 
6t6 obtenues prospectivement chez quinze patients examines independamment par deux observateurs, en double insu. 
La variability reliee a l'observateur a ete mesuree par le Taux de Discordance et la statistique Kappa. Le Taux de 
Discordance variait de 0.01 a 0.12 pour tous les items. Les valeurs de la statistique Kappa etaient g6neralement en 
accord avec les Taux de Discordance. Les donnees suggerent une concordance inter-observateur de moyenne a presque 
parfaite pour les items utilises pour evaluer les enfants comateux dans cette etude. 
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Clinical data in the comatose patient, using the approach of 
Plum and Posner,1-2 provide clues to diagnosis, clinical course 
and prognosis not only in adults14 but also in children.5-6 With 
the exception of a study limited to ocular signs in twenty-eight 
comatose adults,7 none has formally tested reliability for all the 
variables used to assess comatose patients. Reliability is influ
enced by inter-observer agreement. In this paper, we report on 
the inter-observer agreement for twelve clinical variables used 
in the neurological evaluation of comatose children. 

PATIENTS AND METHODS 

The study was done prospectively from September 1986 to 
December 1987. 

Clinical 
Comatose children admitted to the Pediatric Intensive Care 

Unit (neonates excluded) of the Children's Hospital, Winnipeg, 
Canada were included if they could be examined by two clini
cians (JYY and SSS) (i) within half-hour of each other to mini
mize the possibility of clinical change in the interval and (ii) 
within 24 hours of admission. 

The data sheet (Table 1) was designed by one of us (SSS) 
with the following assumptions, (i) observers would be familiar 
with the publications1"6 that had dealt with the variables used in 

the present study; for example, the term "diffuse" under motor 
response (item 6) had been used previously to describe bilateral 
abnormalities of tone and/or deep tendon reflexes other than 
decorticate or decerebrate patterns,5 (ii) observers would select 
only one class for items 1 through 11, (iii) blood pressure (item 
9) and temperature (item 10) would be taken at the time the 
individual observer examined the child, (iv) observers would be 
aware of the normal values for blood pressure in the pediatric 
age group, referenced in several readily available texts, (v) 
information about the seizure time of onset (item 11) and 
seizure type (item 12) would be obtained by interviewing the 
guardian or from the hospital chart and (vi) for seizure type, 
observers would not only record the type but also note if it was 
prolonged (>15 minutes) or not. 

The clinicians (i) filled out separate data sheets, (ii) did not 
observe each other's examinations and (iii) did not discuss their 
views on the interpretation or classification of the clinical items 
either before or during the study. Specifically, no attempt was 
made by the senior clinician (SSS) to instruct or influence the 
junior (JYY) on any aspect of the assessment to minimize 
training bias. 

The study was approved by the Faculty Committee on the 
use of Human Subjects in Research, Faculty of Medicine, 
University of Manitoba, Winnipeg. 
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Table 1: Classification of Items 

1. FUNDUSCOPY 
i) Normal 

ii) Abnormal 
2. EXTRAOCULAR MOVEMENTS (including cold caloric and 

Doll's eye r 
i) 

ii) 
iii) 
iv) 
v) 
vi) 
vii) 

viii) 
ix) 
x) 

xi) 
xii) 

esponse) 
Orienting 
Normal (midline at rest and full) 
Nystagmus (at rest) 
Spontaneous roving 
Isolated 6th weakness (unilateral or bilateral) 
Blinking (spontaneous) 
Impaired lateral gaze 
Impaired medial gaze 
Impaired up/down gaze 
Ocular bobbing/other abnormal EOM 
Combinations (of iii to x) 
Absent 

3. PUPILLARY RESPONSE 
i) 'Normal' (>2 mm) 

ii) Small (<2 mm) reactive 
iii) Unequal reactive 
iv) Small (<2 mm) non-reactive 
v) Unequal non-reactive 
vi Equal (>2 mm) non-reactive 

4. CORNEAL REFLEXES 
i) Present 

ii) Absent 
5. GAG REFLEX 

i) Present 
ii) Absent 

6. MOTOR RESPONSE 
i) Normal 

ii) Monoparesis 
iii) Hemisyndrome 
iv) Diffuse signs 
v) Decortication 

vi) Decerebration 
vii) Generalized flaccid & areflexic 

7. DEEP TENDON REFLEXES 
i) Normal 

ii) Increased 
iii) Absent 

8. RESPIRATORY PATTERN 
i) Normal 
ii) Cheyne-Stokes respiration 

iii) Central hyperventilation 
iv) Ataxic, apneustic, irregular 
v) Apnea 

vi) Assisted 
vii) Non CNS disturbance 

9. BLOOD PRESSURE 
i) Normal 

ii) Hypertension 
iii) Hypotension/unable to maintain 

10. TEMPERATURE (RECTAL) 
i) Normal 

ii) Febrile (> 38°C) 
iii) Hypothermia (<35°C)/unable to maintain 

11. SEIZURE (TIME OF ONSET) 
i) Absent 

ii) Onset of coma 
iii) After onset of coma 

12. SEIZURE (TYPE) 
i) Absent 

ii) Generalized tonic clonic 
iii) Focal 
iv) Multifocal/myclonic 
v) Prolonged (>15 minutes) 

Statistical 

Data were analyzed at the end of the study period by two of 
us (BJ and PH). Sixteen children met the inclusion criteria. 
However, one of the two data sheets on one patient was mis
placed. Inter-observer agreement was tested on the data from the 
remaining fifteen using three separate methods: (i) 
Disagreement Rate as proposed by Teasdale et al.8 (ii) Kappa 
statistic,9 and (iii) weighted Kappa,10 the weights assigned being 
those described by Fleiss.11 

The Disagreement Rate has a range of 0 to 0.5, lower values 
reflecting higher agreement.8 Kappa values range from -1 to +1; 
minus scores for Kappa reflect less than chance agreement, pos
itive values suggest greater than chance agreement and a Kappa 
of 0 indicates chance agreement.9 Kappa values were interpreted 
according to the criteria of Landis and Koch:12 less than 0, poor 
agreement; 0 to 0.20, slight agreement; 0.21 to 0.40, fair agree
ment; 0.41 to 0.60, moderate agreement; 0.61 to 0.80, substan
tial agreement and 0.81 to 1, almost perfect agreement. 

The data sheets (Table 1) did not include either a category 
titled "unable to examine" or one to reflect the failure of the 
clinician to make an entry under any of the twelve items. The 
former omission was an oversight but the latter was deliberate to 
simulate recording in the clinical setting. When the data sheets 
were analyzed, we found that one or other observer had failed to 
make an entry for four items (junior observer in three instances 
and senior in one) on two patients, whilst the other had done so. 
In a third case, one observer recorded his inability to examine 
the fundi, the other marking the fundi as normal. Such differ
ences in entry were treated as disagreements by the statistical 
methods. On the other hand, observations were considered to be 
in full agreement if both clinicians recorded "unable to exam
ine" for the same item in the same patient. The information for 
"funduscopy" (item 1) which is used as a representative exam
ple, is summarized in Table 2. 

RESULTS 

General Clinical Data The ages of the 15 children ranged from 
2 months to 17 years. The mean age was 3 '/2 years and the 
median age was 16 months. Coma was due to traumatic causes 
in four cases and non-traumatic in eleven. 

Statistical Data Disagreement Rates for the twelve items 
ranged from 0.01 to 0.12. Values for Kappa statistics were gen
erally in accordance with those for Disagreement Rates, a lower 
Disagreement Rate being associated with a relatively higher 
Kappa value for all items except respiratory pattern (Table 3). 
The values for Kappa were not materially different from those 
for weighted Kappa. Hence, the values for weighted Kappa are 
not included in the table. The Kappa values suggested (i) fair 

Table 2: Funduscopy 

Class/Category Observer 1 Observer 2 

Normal 11 10 
Abnormal 2 3 
Recorded "unable to examine" 1 2 
Made no entry 1 0 

Total 15 15 
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agreement for extraocular movements, (ii) moderate agreement 
for funduscopy, corneal reflexes, gag reflex, deep tendon reflex
es, blood pressure and temperature, (iii) substantial agreement 
for motor response, seizure time and seizure type and (iv) 
almost perfect agreement for pupillary response. 

The Disagreement Rate of 0.03 for respiratory pattern sug
gested good agreement between the clinicians but the Kappa 
value of -0.05 suggested less than chance agreement (Table 3). 
All patients were intubated and on assisted ventilation at the 
time of assessment. 

DISCUSSION 

The scaling of clinical items used for evaluating comatose 
children and adults is based on anatomic, physiologic and clini
cal principles1-6 and has been generally accepted in clinical 
practice. Assessment of inter-observer agreement for these items 
is desirable, (a) since important judgmental decisions are made 
on the basis of clinical information and (b) if the data are to be 
used in clinical research.13 

The Disagreement Rates of 0.01 to 0.12 in our study suggest 
that the degree of disagreement was relatively small for most if 
not all variables, although limits have not been established for 
the boundaries of clinically acceptable disagreement. Teasdale 
et al.8 found Disagreement Rates of 0.03 to 0.22 in their assess
ment of items in the Glasgow Coma Scale and considered these 
values to reflect more consistent assessments than higher values. 
Reilly et al.14 "arbitrarily assumed" (sic) that a Disagreement 
Rate greater than 0.10 was unacceptable, in their study on 
observer reliability for the pediatric version of the Glasgow 
Coma Scale. 

Kappa values were in accord with Disagreement Rates and 
suggested fair to substantial agreement beyond chance for all 
items, except respiratory pattern. For this variable, the two 
observers agreed on assisted respiration as the class in twelve of 
15 patients (Table 4); for two patients, one observer assigned 
class vi (assisted) and the other selected class v (apnea); in one 
patient, one observer chose class iv (ataxic, apneustic, irregular) 

and the other picked class vi (assisted). Such close clinical 
agreement is reflected in the relatively low Disagreement Rate 
(0.03), although the near zero value for Kappa in this situation 
(-0.05) implies less than chance agreement. We have previously 
suggested that Disagreement Rate and Kappa statistics may pro
vide different yet complementary information about inter-
observer agreement;15 whereas the former provides a better 
measure of the degree of disagreement, the latter corrects for 
chance expected agreement. Our experience with the data in the 
present study reinforces that impression. 

Some of the inter-observer disagreements occurred because 
one or other physician failed to record his finding or was unable 
to assess a particular variable, occurrences not uncommon in 
clinical practice. Disagreements between the actual observations 
made and recorded by the clinicians in this study may be due to, 
(a) changes in clinical phenomena during the half hour period 
between examinations, (b) differences in interpreting clinical 
observations and (c) differences in defining ambiguous clinical 
terms. The observers did not discuss their interpretation of the 
classification of the items before the study so as to simulate the 
usual clinical setting in which most individuals who assess 
comatose children do so without prior discussions on their 
respective methods of examination. 

The methodological biases and limitations of our approach 
have been discussed recently15 and include (i) the use of only 
two observers, (ii) the background of the observers, one a pedi
atric neurologist and the other a pediatric neurology fellow, and 
(iii) the small sample size. Ethical considerations limited the 
number of "observers" who could examine a critically ill child 
within a short time of each other. Pediatric intensivists, pediatric 
residents and nurses could not participate because of their 
extended clinical commitment and the rotational system of 
patient coverage. Although a deliberate attempt was made to 
minimize training bias, such a factor may have influenced the 
results because of the relatively long duration of the study. 
Koran16-17 has suggested that studies of clinical reliability 
should be done with two or three physicians to mimic clinical 
practice and has drawn attention to the factors that influence 

Table 3: Disagreement Rate and Kappa Statistics 

Items in the Neuro
logical assessment 

Funduscopy 
Extraocular movements 
Pupillary response 
Corneal reflexes 
Gag reflex 
Motor response 
Deep tendon reflexes 
Respiratory pattern 
Blood pressure 
Temperature 
Seizure (time of onset) 
Seizure (type) 

Disagreement 
Rate 

0.10 
0.12 
0.01 
0.09 
0.06 
0.09 
0.12 
0.03 
0.12 
0.08 
0.05 
0.05 

Kappa 

0.57* 
0.39* 
0.81* 
0.50* 
0.59* 
0.62* 
0.58* 

-O.05 
0.44* 
0.52* 
0.65* 
0.66* 

Kappa 
S.E. 

0.19 
0.13 
0.16 
0.23 
0.26 
0.14 
0.18 
0.11 
0.21 
0.19 
0.18 
0.16 

Statistics 
C.I. 

(0.19,0.95) 
(0.14,0.64) 
(0.50,1.0) 
(0.05,0.95) 
(0.08,1.0) 
(0.34,0.89) 
(0.22,0.94) 

(-0.28,0.18) 
(0.02,0.87) 
(0.15,0.90) 
(0.29,1.0) 
(0.35,0.98) 

p-value 

<.001 
.001 

<001 
.014 
.010 

•c.OOl 

.001 

.658 

.018 

.003 

<.001 

<.001 

•Significantly different from zero at 95% level, one-tailed test. 
S.E.: Standard error. 
C.I.: Confidence interval. 
Minor discrepancies in C.I. are due to rounding of Kappa and S.E. 
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agreement. For example, pairs of physicians with more training 
to the test task will agree more than pairs with less training.17 

Sample sizes have generally been limited in studies of this type 
because it is difficult to get the same set of examiners to assess 
patients within a short time of each other.13 Teasdale et al.8 had 
16 patients and Reilly et al.14 had 15 patients in their respective 
studies. 

Some of the short-comings of our study may be avoided by 
using video recordings of comatose pat ients , a method 
employed by Reilly et al.14 provided (i) permission to do so is 
obtained from parents and Ethics Committees and (ii) the 
recordings precisely and consistently capture all the aspects of 
the assessment. However, such an approach will not test vari
ability created by differences in (a) examination methods, (b) 
recording of findings and (c) clinical performance, factors that 
are important in clinical practice, particularly in an intensive 
care setting. 

We would suggest three modifications to the classification of 
two of the 12 items used in this study. First, for respiration (item 
8), classes v and vi should be collapsed into one class of "assist
ed" since those who are apneic will be intubated and their venti
lation assisted. Second and also under respiration (item 8), class 
vii of "Non-CNS disturbance" should become a distinct item, 
for example 8B, to unambiguously distinguish between respira
tory disturbances not of neurological origin and other classes 
(item 8, classes i to vi) which have been scaled neurologically.1"6 

"Non-CNS disturbance" such as that caused by pulmonary or 
cardiac involvement was included in the data sheet to differenti
ate neurological from non-neurological causes of respiratory 
disturbance, recognizing that either both could co-exist or it 
might be clinically difficult to distinguish them. Finally, under 
seizure type (item 12), duration of the seizure (class v — pro
longed) should be separated from type of seizure since it is an 
entirely different variable. These steps may improve inter-
observer agreement. 

Clinical agreement can be enhanced by adopting the 
approaches suggested by Koran1 6-1 7 and the McMaster 
group.18'19 These include, (a) clear definition of and agreement 
on terms, criteria and examination items listed in data recording 
forms, (b) observation (either directly or by video recording) of 
interview and physical examination techniques so that deficient 
skills can be identified and corrected, an inherent assumption in 

Table 4: Respiratory Pattern 

Observer 1 
Classification of 
Respiratory Pattern 

Observer 2 Total 
Classification of Respiratory Pattern 
i ii iii iv v vi vii 

i Normal . . . . . . . 
ii Cheyne-Stokes - - - - - - -
iii Central 

hyperventilation - - - - - - -
iv Ataxic, apneustic, 

irregular - - - - - - -
v Apnea - - - - - 2 - 2 
vi Assisted 1 - 12 13 
vi NonCNS . . . - . - -

disturbance 

clinical training in which one or more physicians serve as a 
"gold standard" and (c) reporting evidence rather than inference. 
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