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Comments on the interpretation of changes in the Glasgow Coma Scale of Claire
Roberts during 22"%/23" October.

Professor lan S.Young

The purpose of this report is to address the fluctuations in Claire’s GCS during her
admission to Allen Ward, and to comment on the interpretation of these. | wish to
highlight significant issues around the interpretation of GCS scores which have not, to
my knowledge, been identified by any of the withesses to date. The inquiry has in
particular focussed on the fall in GCS from 8 at 8pm to 6 at 9pm, and a number of
witnesses have been asked to agree that this represents deterioration in Claire’s
condition, which they have generally accepted. These witnesses are clearly not aware
of the significant literature about measurement variability in GCS assessment, and it is

this and its consequences which | wish to draw to the attention of the Inquiry.

In addition, a number of expert witnesses appear unaware of this literature and its
relevance. For example, Dr. MacFaul says at 238-002-075: “It was stated that Claire‘s
CNS observations had remained stable over a period of time and no clinical signs of
further deterioration were noted. This is not correct, the GCS reduced over the evening
and had done so by the time the blood sodium level was available.” In view of the
evidence which | summarise below, this statement is unreliable. The GCS values
during the day are entirely compatible with Claire’s neurological condition remaining
stable, though she was clearly seriously ill, and should not be interpreted as indicating a

decline in her condition over this period.

Clinical history and relevant evidence:

Dr.MacFaul provides a useful table documenting GCS scores during the day at 238-
002-219. There was initial reading of 9 at 1pm and subsequent values fluctuated

between 8 and 6. The inquiry has in particular focussed on the fall in GCS from 8 at
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8pm to 6 at 9pm.

During the course of the day, CNS observations were made by several different nurses,
who then proceeded to calculate and record the GCS. Of note, the CNS observations
at 8pm and 9pm and calculation of the GCS appear to have been done by different

nurses, due to the change over in shifts at around that time.

A significant body of scientific evidence shows that there is considerable variability in
assessment of GCS and related scales by different observers. If two different assessors
examine a patient and assess the GCS they may come up with significantly different
values. This is referred to as inter-observer variability. In the case of the GCS, it is
perfectly possible for two observers independently assessing a single patient to come
up with a GCS value differing by 2 or even more points due to inter-observer variability.
This has led to attempts to develop alternative clinical scoring systems with improved

reproducibility in recent years, although the GCS remains widely used.

A number of scientific studies have investigated and documented inter-observer
variability in GCS assessment. Rowley and Fielding (Lancet 1991:227:535-8)
described the “Reliability and accuracy of the Glasgow Coma Scale with experienced
and inexperienced users”. They compared the performance of four different groups of
nurses, classified according to experience, and assessed how accurately they
calculated GCS value compared with an expert. They concluded that while the GCS
was used accurately by experienced and highly trained users, inexperienced users
made significant errors. The errors were substantial, averaging in some cases more

than one point on the four-point and five point scales of the GCS.

Tatman et al. looked at a modification of the Glasgow Coma Scale in more detail in
Archives of Disease in Childhood 1997;77:519-521. Two observers made
observations within 15 minutes of each other. One observer was the patient’s nurse
and the other a trained investigator. Inter-observer reliability was determined between
the first and second observation for each component of the scale. Seventy three

children had 104 sets of observations. The results are presented in a way which shows
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the magnitude of the differences in a way which is relatively easy to understand.

Therefore, | reproduce Table 4 from the paper on the next page

The top row shows the modified GCS score calculated by the first observer. If you
follow the column down then you see the scores recorded by the second observer. For
example, taking 7 as the GCS score calculated by the first observer, the second
observer examining the same stable patient within 15 minutes calculated the score as 6
(two occasions), 7 (two occasions), 8 (3 occasions) and 10 (once). Taking 8 as the
score determined by the first observer, we see that the second score was 6 (once), 8
(twice), 9 (twice) or 10 (twice).

This paper clearly demonstrates that a two point change in GCS score may simply
represent inter-observer variability, and is in keeping with the Lancet paper referred to

above where the results are presented in a more technical fashion.

Table 4 Each pair of observations for the summated adapted JGCS, with grimace in
place of verbal
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From Tatman et al., Archives of Disease in Childhood 1997;77:519-521.
Fischer et al. in Critical Care 2010,14:R64 assessed the inter-rater reliability of the

Glasgow Coma Scale in critically ill patients, looking at 267 consecutive adult patients
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admitted to critical care. The observers were neurologists or ICU staff, and therefore
likely to be relatively skilled. The two consecutive observers produced identical GCS
scores on only 71% of occasions. Again, the results are presented in a format which

allows the extent of discrepancies to be appreciated relatively easily.

Firstly, in the figure below we see in the left half paired results within one hour for
patients assessed by two observers, neurologists in the top panel and ICU staff in the
bottom panel. For neurologists, there were five patients assigned a GSC score of 7 by
the first observer. The second neurologist scored them at 6,7,8,10 and 11. For ICU
staff three patients were assigned a score of 7 by the first observer. The second

scored them at 5, 7 and 9.
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Figure 2 Inter-rater agreement of GC5 and FOUR scores. Scatterplots of the pair-wisa ratings of neurcdogists (top paneds), iU staff (middle panals),
and neurologist-iCU staff (bottom panels) for the Glasgow Coma Scale (G5 keft side paness) and Full Cutline of UnResponsheness (FOUR) scora (right

side panels)

In the figure below (figure 3 from the paper), we see the extent of disagreement
between different categories of staff (defined as a difference of greater than one point
between them). Notably, the greatest level of disagreement was in the GCS 6-8 range,
with 30 — 50% disagreement between different staff groups.
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The results in the paper clearly show that a two point difference in GCS recorded by
different individuals may simply be a result of inter-individual variability and cannot be

viewed as a reliable indicator of clinical deterioration.

Conclusions:

This evidence is summarised above. In view of this evidence, it is simply not possible to
say that a score of 6 assessed by one observer represents a change in condition when

compared to a score of 8 assessed by a different observer. The variation in recorded

7
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GCS values during the day is entirely compatible with Claire’s neurological condition
remaining stable, though she was clearly seriously ill, and should not be interpreted as

indicating a decline in her condition over this period.

At 238-002-075 Dr. MacFaul makes the following comment, criticizing information

provided to Claire’s parents in 2004:

“362. It was stated that Claire's CNS observations had remained stable over a period of
time and no clinical signs of further deterioration were noted. This is not correct, the
GCS reduced over the evening and had done so by the time the blood sodium level

was available.”

This statement takes no account of the impact of inter-observed variability in GCS

assessment discussed above and in light of published scientific evidence is incorrect.

Professor lan S.Young
2/11/12
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Inter-rater reliability of the Full Outline of
UnResponsiveness score and the Glasgow Coma
Scale in critically ill patients: a prospective

observational study

Michael Fischer?, Stephan Riegg?, Adam Czaplinski2, Monika Strohmeier?, Angelika Lehmann’, Franziska Tschan3,

Patrick R Hunziker' and Stephan C Marsch*!

Abstract

Introduction: The Glasgow Coma Scale (GCS) is the most widely used scoring system for comatose patients in
intensive care. Limitations of the GCS include the impossibility to assess the verbal score in intubated or aphasic
patients, and an inconsistent inter-rater reliability. The FOUR (Full Outline of UnResponsiveness) score, a new coma
scale not reliant on verbal response, was recently proposed. The aim of the present study was to compare the inter-
rater reliability of the GCS and the FOUR score among unselected patients in general critical care. A further aim was to
compare the inter-rater reliability of neurologists with that of intensive care unit (ICU) staff.

Methods: In this prospective observational study, scoring of GCS and FOUR score was performed by neurologists and
ICU staff on 267 consecutive patients admitted to intensive care.

Results: In a total of 437 pair wise ratings the exact inter-rater agreement for the GCS was 71%, and for the FOUR score
82% (P = 0.0016); the inter-rater agreement within a range of + 1 score point for the GCS was 90%, and for the FOUR
score 92% (P = ns.). The exact inter-rater agreement among neurologists was superior to that among ICU staff for the
FOUR score (87% vs. 79%, P = 0.04) but not for the GCS (73% vs. 73%). Neurologists and ICU staff did not significantly
differ in the inter-rater agreement within a range of £ 1 score point for both GCS (88% vs. 93%) and the FOUR score

(91% vs. 88%).

Conclusions: The FOUR score performed better than the GCS for exact inter-rater agreement, but not for the clinically
more relevant agreement within the range of + 1 score point. Though neurologists outperformed ICU staff with regard
to exact inter-rater agreement, the inter-rater agreement of ICU staff within the clinically more relevant range of + 1
score point equalled that of the neurologists. The small advantage in inter-rater reliability of the FOUR score is most
likely insufficient to replace the GCS, a score with a long tradition in intensive care.

Introduction

The assessment of comatose patients is an important part
of critical care. Unfortunately, there is no objective mea-
sure of coma like temperature or blood pressure. Thus, so
far the assessment of the level of coma has to rely on clin-
ical scores. The Glasgow Coma Scale (GCS), originally
designed for patients with head trauma [1], has become

* Correspondence: smarsch@uhbs.ch

" Department of Medical Intensive Care, University Hospital, Spitalstrasse, Basel,
4031, Switzerland

Full'list of author information is available at the end of the article

the most widely used scoring system for patients with an
altered level of consciousness in the ICU. Important limi-
tations of the GCS include inconsistent inter-observer
reliability [2], concerns over the predictive value in brain
injury patients undergoing modern neuro-intensive care
[3], the impossibility of assessing the verbal score in intu-
bated patients, and the exclusion of brainstem reflexes.
Over the past decades, a variety of alternative scoring sys-
tems have been developed [4-7], although none of them
reached widespread acceptance.

- © 2010 Fischer et al.; licensee BioMed Central Ltd. This is an open access article distributed under the terms of the Creative Commons
( B|0Med Cen‘tra| Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
. any medium, provided the original work is properly cited.
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The FOUR (Full Outline of UnResponsiveness) score, a
coma scale consisting of four components (eye response,
motor response, brainstem reflexes, and respiration pat-
tern) was recently proposed by investigators from the
Mayo Clinic [8]. Validation among patients receiving no
sedative agents by dedicated staff in neuro-intensive care
demonstrated good to excellent inter-rater reliability
[8,9]. By contrast to the GCS, the FOUR score does not
rely on a verbal response. In the ICU, a variety of condi-
tions such as intubation, sedation, or delirium preclude a
reliable assessment of a verbal response and, therefore,
the FOUR score is an attractive tool. However, before this
new score can be recommended for routine use in the
ICU, the following limitations should be addressed: so far
the FOUR score has not been validated in critically ill
patients outside of the Mayo Clinic; so far the FOUR
score has not been validated in sedated patients; and so
far the FOUR score has only been validated by dedicated
staff in neuro-ICUs. This may have resulted in a much
higher inter-rater reliability than that achievable by ICU
staff of general ICUs.

Accordingly, the aims of the present study were: to
compare the inter-rater reliability of the GCS and the new
FOUR score among unselected patients in general medi-
cal ICU; and to compare the inter-rater reliability of neu-
rological scoring provided by staff members of general
medical ICUs with that of neurologists.

Materials and methods

The study was performed on one of the two subunits of
the medical ICU of the University Hospital of Basel, Swit-
zerland. The study was approved by the regional ethical
committee. As GCS scoring was already routinely per-
formed on our unit prior to the study and no therapeutic
decisions were based on the FOUR scoring, the ethical
committee waived the need to obtain individual informed
consent.

Ratings were performed by two board-certified staff
neurologists (S.R. and A.C.) serving as gold standard,
eight ICU nurses, and four ICU physicians. Prior to the
study, all raters received an instruction by one of the neu-
rologists including a supervised scoring of GCS and
FOUR score in two patients.

We prospectively studied the FOUR score and the GCS
in consecutive adult patients admitted to our ICU. Exclu-
sion criteria were the unavailability of both neurologists
and the patients' unwillingness to participate in the rat-
ings. Scoring was performed between 9:00 am and 10:00
am on weekdays only. Scoring occurred at the first possi-
ble occasion after admittance and each patient was
scored only once. Eligible patients were identified by the
head-nurse and colour-coded on the main board showing
all patients presently admitted. If available, raters per-
formed their ratings on the coded patients in the time
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frame specified. Raters were not aware of other ratings or
the results thereof. Patients were included if at least one
of the neurologists and one member of the ICU staff were
able to perform a rating within a time interval of one
hour. In addition, 100 consecutive patients were rated by
both of the two neurologists to assess their inter-rater
agreement. Patients were included if both neurologists
were able to perform their ratings within a time interval
of one hour.

For GCS scoring, the raters used a one-sided A4-sized
form containing written instructions. In intubated
patients, the rating for the verbal domain of the GCS was
defined to be 1. For the FOUR scoring, the raters used a
one-sided A4-sized form containing both written and
visual instruction: the written instruction was a German
translation of the original instruction from the Mayo
Clinic [8]; the visual instruction was a coloured copy of
the version published in 2005 [8], adapted in size to fit the
scoring form. The definition of the FOUR score and the
GCS are displayed in Table 1.

Acute physiology and chronic health evaluation
(APACHE) II scores were obtained for the first 24 hours
after admittance to the ICU. For patients that stayed for
28 days or more in our hospital or died during their hos-
pitalisation, 28-day mortality was assessed using the in-
hospital electronic patient documentation system.
Twenty eight-day mortality of discharged patients was
assessed by contacting the physician treating the patient
at home or in another institution.

Statistics

Data were analysed using SPSS (version 15.0), a commer-
cially available statistical software. Three categories of
pair-wise ratings were analysed: 1) neurologist - neurolo-
gist, 2) ICU staff ICU staff, and, 3) neurologist ICU staff.
For each category no more than one pair-wise rating was
analysed in every patient. In case of more than one pair-
wise rating in a given category (e.g. patient was rated by
two neurologists and two members of ICU staff resulting
in four pair-wise ratings in the category neurologist ICU
staff) the rating to be analysed was randomly chosen
using computer-generated numbers. Pair-wise-weighted
kappa values were calculated for the GCS and the FOUR
score. A kappa value of 0.4 or less is considered poor, val-
ues between 0.4 and 0.6 are considered fair to moderate,
values between 0.6 and 0.8 are considered good, and val-
ues above 0.8 are considered excellent agreement [10].
Although assessment of inter-rater reliability using kappa
statistics is scientifically appropriate, this approach does
not result in measures of obvious clinical usefulness.
Rather than an exact agreement we determined that for
the dynamic environment of the ICU a precision in scor-
ing within the range of + 1 score points for both GCS and
FOUR score would be sufficient for the majority, if not all,
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Table 1: Definition of the FOUR score and the Glascow

Coma Score

FOUR score

Glascow Coma Scale

Eye response

4 = eyelids open or opened,
tracking, or blinking to
command

3 =eyelids open but not
tracking

2 = eyelids closed but open
to loud voice

1 = eyelids closed but open
to pain

0 = eyelids remain closed
with pain

Motor response

4 = thumbs-up, fist, or
peace sign

3 =localising to pain

2 =flexion response to pain

1 = extension response to
pain

0 = no response to pain or
generalised myoclonus
status

Brainstem reflexes

4 = pupil and corneal
reflexes present

3 =one pupil wide and fixed

2 = pupil or corneal reflexes
absent

1 = pupil and corneal
reflexes absent

0 = absent pupil, corneal,
and cough reflex

Respiration

4 = not intubated, regular
breathing pattern

3 = not intubated, Cheyne-
Stokes breathing pattern

2 = not intubated, irregular
breathing

1 = breathes above
ventilator rate

0 = breathes at ventilator
rate or apnoea

Eye response

4 = eyes open
spontaneously

3 =eye opening to
verbal command

2 =eye opening to
pain

1 =no eye opening

Motor response

6 = obeys commands

5 =localising pain

4 = withdrawal from
pain

3 = flexion response
to pain

2 = extension
response to pain

1 =no motor
response

Verbal response

5 = oriented

4 = confused

3 =inappropriate
words

2=
incomprehensible
sounds

1 =no verbal
response

FOUR score = Full Outline of UnResponsiveness.
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clinical decisions based on the scoring result. Thus, an
inter-rater agreement within a range of + 1 score points
for both GCS and FOUR score was chosen as primary
outcome. Secondary outcomes were exact inter-rater
agreements and ratings of the sub-components of the two
scores. For the primary outcome, a difference of 10% or
more between the agreement rates of the neurologists
and of the ICU staff was considered to be of clinical rele-
vance. We estimated that scoring around 250 patients
would allow to detect that difference with an a of 0.05
and a power of 90. Anticipating a drop-out rate of around
20% we planned to include 300 patients. We decided to
analyse three pre-defined sub-groups for the primary
endpoint: intubated patients, sedated patients, and
patients with neurological diseases as primary admit-
tance diagnosis. As previous work reported that the
motor component of the GCS (GCS-mot) has a similar
predictive value as the total GCS [5], and the combined
eye and motor component of the FOUR score (FOUR-
EM) has a similar predictive value as the total FOUR
score [11] we separately analysed the predictive values for
mortality and agreement rates for the GCS-mot and the
FOUR-EM. Cronbach's a [12] was calculated to assess the
internal consistency of both scores. Predictive values of
the scores were assessed by calculating the area under the
curve (AUC) with 95% confidence intervals from receiver
operating characteristic (ROC) curves. Frequency tables
were analysed using Fisher's exact test. A P less than 0.05
was considered to represent statistical significance.

Results

Patients

The study took place between May 2006 and April 2007.
During the study period 992 patients were admitted to
the subunit of our ICU where the study took place. In 664
cases, patients had to be excluded because no neurologist
was available or patients were unwilling to participate.
Scoring was performed on 328 patients. Of the 328, 61
(33 female; mean age 62 + 17 years; APACHE II 13 £ 7)
had to be excluded because no pair-wise rating occurred
within a time interval of one hour. Thus, 267 patients (85
female; mean age 63 + 17 years; APACHE II 14 + 8) were
included in the study resulting in 437 pair-wise ratings.
Pair-wise ratings of the two neurologists were obtained in
100 of the 267 patients (40 female; mean age 64 + 16
years; APACHE II 15 + 7). The admittance diagnoses of
the 267 included patients are displayed in Table 2. At the
time of scoring 60 of 267 (22.5%) patients were intubated
or had a tracheostoma and 52 of 267 (19.5%) received
sedative drugs in the eight hours preceding scoring.

GCS vs. FOUR score

Overall 437 pair-wise ratings were analysed. Cronbach's «
for the GCS (0.87) and the FOUR score (0.83) indicate a
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high degree of internal consistency for both scores. The
frequency distribution of the GCS and FOUR scores are
displayed in Figure 1. The agreement of the ratings in the
three categories is displayed in Figure 2. Overall, there
was a statistically significant difference (P = 0.0016) with
regard to exact agreement between the GCS score (71%)
and the FOUR score (82%) but not for the agreement
within a range of + 1 score point (GCS 90%; FOUR 92%).
Tables 3 and 4 display the kappa values for the GCS and
FOUR score, respectively. Note that the inter-rater agree-
ment of the neurologists was significantly better than that
of the ICU staff with regard to the FOUR score (Table 4)
but not for the GCS (Table 3). No significant difference in
inter-rater agreement was found for the three compo-
nents of the GCS (Table 3). In the FOUR score, however,
the inter-rater agreement significantly differed between
the four components with the component 'respiration’
achieving the highest agreement rates and the compo-
nent 'brainstem' achieving the lowest agreement rates. In
addition, the agreement between the neurologists for the
components 'brainstem' and respiration’ was significantly
better than that between ICU staff (Table 4). Figure 3 dis-
plays the disagreement in pair-wise ratings for both
scores. As a high proportion of scorings yielded maxi-
mum scores (Figure 1) and the agreement rates were
highest at theses scores (Figure 3) we calculated kappa
values after excluding the maximum scores (i.e. GCS 15
and FOUR score 16, respectively) and found a significant
difference between the kappas with or without excluding
the maximum scores for the GCS (kappa + 95% confi-
dence interval, 0.61 + 0.05 vs. 0.48 *+ 0.06) and the FOUR
score (0.68 % 0.05 vs. 0.54 + 0.08).

Agreement between the neurologists
The two neurologists agreed exactly in 73% of the GCS
scores and in 87% of the FOUR scores (P = 0.014). An

Table 2: Primary admittance diagnoses of 267 patients
undergoing scoring of GCS and FOUR in intensive care

Reason for admission N
Neurologic disorders 86
Cardiac disorders 74
Pulmonary disorders 33
Infectious diseases 33
Gastrointestinal disorders 15
Metabolic and 7
endocrinologic disorders

Renal disease 1
Other 18

FOUR score = Full Outline of UnResponsiveness; GCS, Glasgow
Coma Scale.
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agreement between the neurologists in the range of + 1
point was observed for 88% of the GCS and for 91% of the
FOUR scores, respectively (P = not significant (ns)).
Cronbach's a showed a high internal consistency of the
neurologists' ratings for both the GCS (a = 0.93) and the
FOUR score (a = 0.88)

Agreement between neurologists and ICU staff

In 163 pair-wise ratings, ICU staff agreed exactly with the
neurologist in 68% of the GCS scores (P = ns vs. agree-
ment of the neurologists) and in 81% of the FOUR scores
(P = 0.011 vs. GCS; P = 0.14 vs. agreement of neurolo-
gists). An agreement between the ICU staff and the neu-
rologist in the range of + 1 point was observed for 88% of
the GCS and for 91% of the FOUR scores, respectively (P
= ns for GCS vs. FOUR; P = ns vs. agreement of the neu-
rologists).

Agreement between ICU staff

In 174 pair-wise ratings, ICU staff agreed exactly in 73%
of the GCS scores (P = ns vs. agreement of the neurolo-
gists) and in 79% of the FOUR scores (P = 0.017 vs. GCS;
P = 0.04 vs. FOUR score agreement of the neurologists).
An agreement between ICU staff in the range of + 1 point
was observed for 93% of the GCS and for 88% of the
FOUR scores, respectively (P = ns for GCS vs. FOUR; P =
ns vs. agreement of the neurologists). The internal con-
sistency of the ICU staffs' ratings was high for both the
GCS (a = 0.87) and the FOUR score (a = 0.83).

Predictive value for 28-day mortality

Twenty eight-day mortality was 13%. There was no signif-
icant difference in the predictive values of the GCS (AUC
of the ROC 0.78, 95% confidence interval 0.68 to 0.87),
the FOUR score (AUC of the ROC 0.79, 95% confidence
interval 0.69 to 0.89), and the APACHE II score (AUC of
the ROC 0.86, 95% confidence interval 0.80 to 0.92) for
28-day mortality (Figure 4). However, mortality was sig-
nificantly (P < 0.001) higher for patients with the three
lowest total FOUR scores of 0 to 2 (83% died), when com-
pared with patients with the lowest GCS score of 3 (45%
died).

Analysis of predefined subgroups

The exact inter-rater agreement was better for the FOUR
score than for the GCS in the three predefined subgroups
intubated patients (n = 60; 78% vs. 65%, P = 0.026),
sedated patients (n = 52; 73% vs. 62%, P = 0.095), and
patients with neurological disease as primary admittance
diagnosis (n = 86; 80% vs. 69%, P = 0.046). The exact
inter-rater agreement of the neurologist and the ICU staff
for the FOUR score was 79% vs. 68% for intubated
patients, 88% vs. 74% for sedated patients, and 91% vs.
79% for patients with neurological disease as primary
admittance diagnosis, respectively. Due to the compara-
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Table 3: Weighted kappa values for the interrater agreement for the GCS

Rater pair n Total GCS Eye Motor response Verbal response
response

Neurologist- 100 0.67 £0.10 0.75+£0.12 0.79+0.10 0.78 £0.10

Neurologist

Neurologist-ICU 393 0.56 +0.09 0.68 £0.10 0.68 £0.10 0.70 £ 0.09

staff

ICU staff- ICU staff 321 0.63 £ 0.08 0.74 £ 0.09 0.78 £ 0.09 0.86 £ 0.07

Overall 437 0.61 £0.05 0.72 £0.06 0.74 £ 0.06 0.78 £0.05

Data = weighted kappa + 95% confidence interval. No statistically significant differences exist between rater pairs or the different

components of the GCS.
GCS, Glasgow Coma Scale.

tively small absolute numbers these differences failed to
reach statistical significance. There was no significant dif-
ference with regard to inter-rater agreement with a range
of + 1 point between the GCS and FOUR score or differ-
ent kind of rater pairs for the predefined subgroups.

The AUC of the ROC of the GCS-mot for 28-day mor-
tality was 0.75 (95% confidence interval 0.64 to 0.86) and
did not significantly differ from the total GCS or the
FOUR score. Over all 437 pair-wise ratings, the exact
agreement for the GCS-mot was 87% (P < 0.0001 vs. the
total GCS; P = 0.006 vs. FOUR score). The agreement
within a range of + 1 score point of the GCS-mot was 95%
(P =0.0012 vs. GCS; P = 0.0002 vs. FOUR score).

The AUC of the ROC of the combined FOUR-EM for
28-day mortality was 0.76 (95% confidence interval 0.66
to 0.87) and did not significantly differ from the total
FOUR score, the GCS, or GCS-mot. Overall, 437 pair-
wise ratings, the exact agreement for the FOUR-EM was
85% (P = 0.07 vs. total FOUR score; P < 0.0001 vs. GCS).
The agreement within a range of + 1 score point of the
FOUR-EM was 92% (P = 0.095 vs. total FOUR score; P =
0.21 vs. GCS).

Discussion

The present study compared the inter-rater agreement of
GCS and FOUR score as well as the inter-rater agreement
of neurologist and ICU staff in unselected critically ill
patients. In the primary outcome, ie. the inter-rater
agreement within the range of + 1 score point, there was
neither a significant difference between the GCS and the
FOUR score nor a difference between neurologists and
ICU staff. Exact inter-rater agreement was significantly
better between neurologists than between ICU staff.
Moreover, exact inter-rater agreement was significantly
better for the FOUR score than for the GCS.

Recently, Wijdicks and colleagues, Wolf and colleagues,
and Iyer and colleagues from the Mayo Clinic devised and
validated the FOUR score [8,9,13]. Compared with the
GCS, this new coma scale does not depend on a verbal
response and provides greater neurological detail by
inclusion of brainstem reflexes and breathing patterns.
The present study is the first validation of the FOUR
score in the ICU outside the institution that developed
the FOUR score. In addition, the present study is the first
validation of the FOUR score in unselected patients in a
medical ICU. In agreement with the initial reports we

Table 4: Weighted kappa values for the interrater agreement for the FOUR score

Rater Pair n Total Eye response Motor Brainstem Respiration
response reflexes

Neurologist- 100 0.80 = 0.09 0.85+0.09 0.88 = 0.09 0.87+0.12 1.0 £ 0.00t

Neurologist

Neurologist- 393 0.66 = 0.09 0.77 £0.09 0.73 £0.09 0.71+0.18 0.87 £ 0.08

ICU staff

ICU staff- ICU 321 0.63 £ 0.08* 0.85+0.07 0.77 £0.09 0.53 £ 0.16*t 0.87 +0.08*

staff

Overall 437 0.68 + 0.05* 0.82 £0.05 0.78 £0.05 0.67 £0.10 0.90 + 0.04

Data = weighted kappa = 95% confidence interval. * P < 0.05 vs. neurologist-neurologist at same component of the score; t P < 0.05 vs. all

other components of the FOUR score with the same raters.
FOUR score = Full Outline of UnResponsiveness.
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Figure 1 Frequency distribution of GCS and FOUR scores. Fre-
quency distribution of 814 rated Glasgow Coma Scale (GCS) scores
(top panel) and 814 rated Full Outline of UnResponsiveness (FOUR)
scores (bottom panel).

observed that the inter-rater reliability for the FOUR
score is at least as good as that of the GCS [8,9,13]. More-
over, our results demonstrate that the FOUR score is
superior to the GCS with regard to exact inter-rater
agreement. The inter-rater agreement in the present
study was considerably lower for both GCS (kappa 0.59
vs. 0.82 to 0.98) and FOUR score (kappa 0.63 vs. 0.82 to
0.99) than previously reported [8,9,13]. This may be
explained by the higher number of patients included in
the present study, the inclusion of intubated and sedated
patients, inherent variations in the level of consciousness
among unselected ICU patients, organisational aspects of
the scoring, and differences in the neurological expertise
of the raters. Indeed, our neurologists achieved an inter-
rater agreement for the FOUR score (kappa 0.80), but not
for the GCS (kappa 0.67), comparable with that reported
by Wijdicks and colleagues, Wolf and colleagues, and Iyer
and colleagues [8,9,13]. Previous work demonstrated that
the FOUR score predicts mortality as well as the GCS

INQ - CR
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[8,9,11,13]. This is confirmed by our finding that the pre-
dictive value for 28-day mortality of the FOUR score
equalled that of the GCS, and the APACHE II score.
Moreover, in agreement with previous work our results
demonstrate that mortality in medical ICU patients with
the lowest FOUR score is higher than in patients with the
lowest GCS.

The inter-rater agreement of the neurologists was
never worse and partly significantly better than that of
the ICU staff. However, as far as precision in scoring
within the range of + 1 score points is concerned, ICU
staff equalled neurologists. This finding indicates that the
precision in neurological scoring sufficient for the clinical
settings achieved by general ICU staff cannot be signifi-
cantly improved by dedicated specialists from outside the
ICU.

The repetitive assessment of the level of consciousness
is a routine procedure in ICU and so far the GCS is the
most widely used tool. The present study confirms previ-
ous reports on a less than perfect inter-observer agree-
ment of the GCS [2,14,15]. For the new FOUR score, the
inter-rater agreement was never worse and partly better
than that of the GCS. As the GCS is routinely performed
in our unit, we were surprised and disappointed by the
comparatively low inter-rater agreement of a longstand-
ing standard procedure. To the best of our knowledge,
there are no systematic data on the consistency of indi-
vidual raters in repetitive ratings such as GCS in the ICU.
Such a study would be very difficult to perform because
within the time frame the level of consciousness could be
kept reliably stable in critically ill patients most health-
care workers would not forget their previous scoring
result. It is doubtful, however, that repetitive ratings are
generally more precise than the pair-wise ratings
reported in the present study. Thus, our findings suggest
that in the clinical setting scores of individual patients
should be cautiously interpreted taking into account both
the dynamic course of critical illness and inter-rater and
intra-rater disagreements.

Despite its limitations, the GCS has remained the stan-
dard coma scale over the past decades. In modern ICUs,
multiple scores are repetitively used. Ideally, these scores
should be simple, reliable, and predictive for relevant out-
comes and/or relevant clinical decisions. With regard to
these criteria, the present study revealed that the FOUR
score is at least equivalent and partly even superior to the
GCS. Given that the inter-rater reliability of the FOUR
score between the neurologists was better than that
between ICU staff and that the inter-rater reliability for
the brainstem component of the FOUR score was signifi-
cantly lower than for the other three components there is
a potential for improvement for the inter-rater reliability
of the FOUR score in the settings of the ICU. By contrast,
our data reveal no such potential for improvement for the
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GCS. Compared with the GCS, the FOUR score contains
more items. In addition, the brainstem categories of the
FOUR score rely on up to three different items (pupil,
corneal, and cough reflex) whereas all categories of the
GCS rely on one item only. Thus, the FOUR score
requires more time than the GCS and is more difficult to
remember in acute situations. Although the FOUR score
provides more neurological detail than the GCS it cannot
replace a more in-depth neurological evaluation. Balanc-
ing the advantages and disadvantages of both scores, it is
fair to state that the new FOUR score is a suitable alterna-
tive to the GCS. However, we think it is unlikely that the
small advantage in inter-rater reliability will prompt

INQ - CR

intensivists to replace the GCS, a score with a long tradi-
tion in the ICU, by the new FOUR score.

Eken and colleagues reported, that in patients present-
ing with an altered level of consciousness, head trauma,
or any neurological complaints on an emergency depart-
ment, the FOUR-EM had a similar predictive value for
unfavourable outcomes as the total FOUR score and the
GCS [11]. Their finding is in agreement with the work of
Gill and colleagues showing that the three individual GCS
components alone performed similar to the total GCS
score for the prediction of 4 clinically relevant TBI out-
comes [5]. The present study confirms and extends these
previous findings by demonstrating that among unse-

WS-178/3 Page 15



Fischer et al. Critical Care 2010, 14:R64 Page 8 of 9
http://ccforum.com/content/14/2/R64
1007

- I Neurologist vs Neurologist wy

S 75- Il Neurologist vs ICU staff /” """"

£ [CT11CU staffvs ICU staff —

[ 0.8

5

g 50 /

a Zoo-
S~ 257 E=

7]
c
O—D-. |_| |_| 0 Cm. 0.4
3-5 6-8 9-11 12-14 15
GCS Score —GCs
0.2 — FOUR score
---------- APACHE Il
0.0 T T T T T
1007 0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity

il

c

QE’ 757 Figure 4 Predictive value for 28-day mortality. Receiver operating
) characteristic curve for the predictive value of Glasgow Coma Scale

o * (GCS), Full Outline of UnResponsiveness (FOUR) score, and acute phys-
g 50 * iology and chronic health evaluation (APACHE) Il score on 28-day mor-
) tality. There was no statistically significant difference between the
(=] areas under the curve of the three scores.

(=]
S~ 257
I |_| H I I analysis in over 8,000 head trauma patients Murray and
o [ [
4-7

0-3 8-11 12-15 16

FOUR Score

Figure 3 Disagreement rates for GCS and FOUR scores. Disagree-
ments of more than one score pointin pair-wise ratings of the Glasgow
Coma Scale (GCS) score (top panel) and the Full Outline of UnRespon-
siveness (FOUR) score (bottom panel) respectively. Scores are divided
into quartiles. As a substantial proportion of ratings were at the maxi-
mum of the each scale (i.e. GCS 15, FOUR 16), the maximum category
is shown separately in addition to the quartiles. Disagreements are ex-
pressed as a percentage of the total number of ratings in a given
quartile of the GCS score and FOUR score, respectively. White bars =
disagreements between the neurologists; black bars = disagreements
between the neurologists and ICU staff; grey bars = disagreements be-
tween ICU staff. For both scores, disagreements were significantly (P <
0.001) less frequent in the maximum category (i.e. GCS 15, FOUR 16)
thanin all other categories. * For the lowest quartile of the FOUR score,
the disagreement between neurologist and ICU staff (P = 0.034) and
between ICU staff and ICU staff (P = 0.045) was significantly greater

than that between the neurologists.

lected critically ill patients in the medical ICU the predic-
tive values of the FOUR-EM and of the motor component
of the GCS for 28-day mortality does not differ from the
total FOUR score or the GCS. Moreover, the inter-rater
agreements for the FOUR-EM and the GCS-mot in the
present study were better than for the total FOUR score
and the GCS. Thus, reducing the complexity of a score
can substantially improve inter-rater reliability without
necessarily losing predictive power. In a multivariable

INQ - CR

colleagues [16] found that in addition to the GCS-mot,
pupil reaction has an independent predictive value.
Therefore, we tested whether adding the information on
bilateral pupil reactivity to the FOUR-EM would signifi-
cantly increase the predictive value for 28-day mortality,
which was not the case.

A limitation of our study is that due to the inclusion of
unselected, and especially sedated, patients and the maxi-
mum time interval allowed for pair-wise ratings of one
hour no perfectly stable experimental conditions for scor-
ing were achieved. Particularly, we cannot exclude that
some inter-rater disagreements are caused by true altera-
tions in the level of consciousness. However, as raters
performed the GCS and the FOUR score simultaneously
such true alterations in the level of consciousness cannot
explain the observed differences in the inter-rater agree-
ment between the two scores. Moreover, our study condi-
tions reflect the dynamic environment in the ICU so that
our results give a fair estimate of the reliability of two
coma scales in daily practice. A further limitation of our
study is that no surgical patients, and especially no head
trauma cases, were included so that the findings relate to
unselected medical critically ill patients only. An inherent
limitation of the validation of coma scales is the absence
of an objective measure of the level of coma. Thus it
should be kept in mind that better inter-rater reliability
does not necessarily mean better accuracy.
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Conclusions

The FOUR score performs better than the GCS with
regard to exact inter-rater agreement, but not for the clin-
ically more relevant agreement within the range of + 1
score point or the predictive value for 28-day mortality.
Although neurologists outperform ICU staff with regard
to exact inter-rater agreement, the inter-rater agreement
of ICU staff within the clinically more relevant range of +
1 score point equals that of the neurologists. Thus, a pre-
cision in neurological scoring sufficient for the clinical
settings cannot only be achieved by dedicated staff in
specialised neuro-ICUs but also by ICU staff in general
ICUs. The small advantage in inter-rater reliability of the
FOUR score is most likely insufficient to replace the GCS,
a score with a long tradition in the ICU.

Key messages

+ The FOUR score, a new coma scale not relying on
verbal response, performs better as the GCS with
regard to exact inter-rater agreement, but not for the
clinically more relevant agreement within the range of
* 1 score point.

+ In neurological scoring, the inter-rater agreement
within the range relevant for clinical decisions of ICU
staff equals that of neurologists.

Abbreviations

APACHE: acute physiology and chronic health evaluation; AUC: area under the
curve; FOUR: Full Outline of UnResponsiveness; FOUR-EM: combined eye and
motor component of the FOUR score; GCS: Glascow Coma Scale; GCS-mot:
motor component of the GCS; ROC: receiver operator characteristics.
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Development of a modified paediatric coma scale
in intensive care clinical practice

A Tatman, A Warren, A Williams, ] E Powell, W Whitehouse

Abstract

James’ adaptation of the Glasgow coma
scale (JGCS) was designed for young chil-
dren. Intubated patients are not allocated
a verbal score, however, so important
changes in a patient’s conscious level may
be missed. A grimace score was therefore
developed and assessed for use in intu-
bated children.

Two observers made a JGCS observation
within 15 minutes of each other. One
observer was the patient’s nurse and the
other a trained investigator. Interobserver
reliability was determined between the
first and second observation for each com-
ponent of the scale. Reliability was meas-
ured using k and weighted x statistics.

Seventy three children had 104 sets of
observations. Interobserver reliability was
moderate to good for all components, with
the grimace score better than the verbal
score.

It is concluded that the grimace score is
more reliable than the verbal score and
may be useful in intubated patients in
whom the verbal score cannot be used.
(Arch Dis Child 1997;77:519-521)

Keywords: coma scale; intensive care; conscious level

The Glasgow coma scale has been widely
adopted in the management of adult and
paediatric coma.' > It should not be used in
small children as the verbal component is not

appropriate.” Several coma scores have been
developed specifically for children in an
attempt to compensate for their differences in
verbal and motor capabilities.*"" Three years
ago, we introduced into our intensive care unit
(ICU) a modified Glasgow coma scale, which
is Sharples’ adaptation (personal communica-
tion) of the James’ adaptation of the Glasgow
coma scale (JGCS) (tablel)."

During this time, our nursing staff reported
that many children who were intubated showed
varying degrees of orofacial grimacing when
stimulated. Therefore we developed a grimace
score to replace the verbal component in intu-
bated children. We report the results of a study
to assess the reliability of our modified coma
scale in this clinical setting.

Subjects and methods

STUDY DESIGN

After receiving local ethical committee ap-
proval, children on the ICU with coma from
any cause were selected in a quasirandom
manner: whenever one of the three trained
investigators was available, the patient accessi-
ble, and the patient had not been studied
within 24 hours nor with the same JGCS (on
the routine nursing JGCS chart).

Verbal consent was obtained from parents
when available. A set of observations consisted
of two JGCS (table 1) scores, the second score
being completed within 15 minutes of the first.
These were performed sequentially by two
observers, one being the child’s bedside nurse

Table 1 Modified Glasgow coma scale. Pain as nail bed pressure with pencil; score best response

Adult and child > S years

Child < 5 years

Eye opening
E4 spontaneous
E3 to verbal stimulus
E2 to pain
E1 no response to pain
Verbal
V5 orientated
V4 confused
V3 inappropriate words
V2 incomprehensible sounds
V1 no response to pain
VT intubated
Grimace

As older child
As older child
As older child
As older child

Alert, babbles, coos, words or sentences to usual ability
Less than usual ability or spontaneous irritable cry
Cries to pain

Moans to pain

No reponse to pain

Intubated

G5 spontaneous normal facial/oromotor activity, for example sucks

tube, coughs

G4 less than usual spontaneous ability or only responds to touch

G3 vigorous grimace to pain
G2 mild grimace or some change in facial expression to pain
G1 no response to pain
Motor
M6 obeys commands
M35 localises to pain stimulus
M4 withdraws from pain
M3 abnormal flexion to pain
M2 abnormal extension to pain
M1 no response to pain

Normal spontaneous movements or withdraws to touch
As older child
As older child
As older child
As older child
As older child
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and the other being one of three trained
observers. The observers were blinded to the
preceding score. Children who were not
intubated were given a verbal score. Children

Table 2 Diagnostic category on admission to ICU

Diagnosis Number
Cardiac surgery 30
General surgery 12
Neurosurgery 5
Metabolic 7
General medical 3
Neurology 10
Head injury 6

Table 3 Each pair of observations for each component of the adapted JGCS

Eye opening E1-E2

E2 score
1 2 3
El score
1 35 6 1
2 5 8 0
3 0 2 0
4 2 5 3
Verbal V1-V2
V2 score
1 2 3
V1 score
1 5 1 0
2 0 1 1
3 0 0 1
4 2 1 1
5 1 0 3
Motor M1-M2
M2 score
1 2 3
M1 score
1 5 0 0
2 0 0 1
3 0 1 2
4 3 1 2
5 1 0 0
6 0 0 0

4
1
5
3
24
Grimace G1-G2
G2 score
4 5 1 2 3 4 5
G1 score
0 0 1 14 2 0 1 0
1 0 2 6 9 4 1 1
1 0 3 0 2 5 3 1
3 1 4 0 2 3 1 0
0 5 5 0 2 0 0 11
4 5 6
3 0 0
2 1 0
4 0 0
24 10 2
6 12 4
2 8 10

Table 4 Each pair of observations for the summated adapted JGCS, with grimace in

place of verbal

Summated EGM1-EGM2

EGM1
score
3 4 5 6 7 8 9 10 11 12 13 14 I5
EGM2
score
3 3 0 0 1 ©0 0 0O O O O 0 0 0
4 o 0 o0 2 0 0 0 0 0 0 0 0 0
5 o 0o 1 1 0 0 0 0 0 0 0 0 0
6 o 0o 1 2 2 1 0o 1 0 0 0 0 0
7 o 1 0 3 2 0 0 0 0 0 0 0 0
8 1 o o o0 3 2 2 0 1 0 0 0 0
9 o 0o o 1 ©0 2 3 2 0 0 0 0 0
10 o 0o o o0 1 2 2 1 1 0 1 0 0
11 o 0 o o0 O O 1 0 1 0 0 0 0
12 o 0o o Oo0 ©0 0 0 O0 0 0 2 0 0
13 o0 0o o ©0 ©0 0 0 O0 ©0 2 0 0 2
14 o 0o o ©0 ©0 O o0 1 0 o0 1 2 2
15 o 0 o ©0 ©O0 0 o0 O0 1 0 o0 2 3

Table 5 Interobserver agreement

No K (95% CD) Weighted c (95% CI)
E1-E2 100 0.50 (0.38 to 0.63) 0.64 (0.53 to 0.76)
V1-V2 28 0.41 (0.20 to 0.63) 0.49 (0.25 to 0.73)
G1-G2 68 0.50 (0.32 to 0.61) 0.63 (0.50 to 0.77)
MI1-M2 104 0.33 (0.20 to 0.46) 0.49 (0.36 to 0.62)
EVM1-EVM2 28 0.29 (0.10 to 0.48) 0.57 (0.39 to 0.75)
EGMI1-EGM2 68 0.25 (0.13 to 0.38) 0.69 (0.60 to 0.78)

CI=confidence interval.

INQ - CR

Tatman, Warren, Williams, Powell, Whitehouse

who were intubated were given a grimace
score. We excluded children with cervical
spinal cord injury, peripheral nerve disease, or
neuromuscular disorders, including residual
paralysis from neuromuscular blockade. The
painful stimulus was nail bed pressure on both
upper limbs, using a pencil. The best response
was taken for the observation.

STATISTICAL ANALYSIS

Interobserver reliability (E1-E2, V1-V2, G1-
G2, M1-M2, and summated scores EVMI1-
EVM2 and EGM1-EGM2), that is, the level of
agreement between the two observations, was
measured by the x and weighted « statistics."
While the « statistic measures the /level of
agreement above that expected by chance, it
does not take into account the degree of
disagreement between observations. The
weighted «k statistic measures agreement and
takes into account the magnitude of the
disagreement.

For both k¥ and weighted «, strength of
agreement is interpreted as < 0.2 = poor;
0.21-0.40 = fair; 0.41-0.6 = moderate; 0.61—
0.80 = good; > 0.8 = very good or near perfect.

Results

One hundred and four sets of observations
were completed in 73 children of whom 42
were boys. Four children had severe orbital
swelling and were not given an eye score. Forty
one observers were involved (38 nurses and
three trained observers). The children ranged
in age from 1 day to 16 years (median age 73
days). Table 2 shows the diagnostic categories.
Tables 3 and 4 show the raw data for each
component and for summated scores using the
grimace and verbal scores separately. Table 5
shows the interobserver reliability.

Discussion

We adopted the JGCS because it takes account
of developmental immaturity in small children,
uses the same number of points irrespective of
the child’s age, and is simple for the patient’s
nurse to use without additional staff or equip-
ment.

Several studies have examined the reliability
of paediatric coma scales using two or three
trained observers.” ' " This is useful for deter-
mining a scale’s experimental reliability, but
may not necessarily translate into clinical
practice.”” For example, in our ICU there are
over 100 nurses with varying levels of
experience. Therefore, any scale must be
robust enough to produce reliable results given
the observers who will be using it. Complicated
scales, which are used relatively infrequently,
are unlikely to be reliable.

Our results suggest that despite a large
number of observers, there is moderate to good
interobserver agreement for the components of
this scale.

The grimace component appears to be more
reliable than the verbal component. They may
measure different aspects of brain function and
cannot necessarily be equated clinically. Facial
expression, however, is an important part of
non-verbal communication, so facial grimace
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and verbal language are not totally independ-
ent skills. Furthermore, we believe that in intu-
bated patients the restoration of a third variable
(eye opening, motor, and grimace) in assessing
coma increases the likelihood of detecting an
improvement or a deterioration in the patient’s
condition, particularly when the variables are
measured independently.

We have included the summated values for
interest. We do not summate the values
clinically, as the variables have different weights
and are not clinically comparable.'®

Although the grimace score has not been
validated for outcome, it is more reliable than
the verbal score in this study and may be useful
in intubated patients when the verbal score
cannot be used.

This study has also shown the reliability of
the other components of our adaptation of the
JGCS when used by nurses and doctors in an
ICU.

We are very grateful for the help of all the nurses at Birmingham
Children’s Hospital ICU for their contribution to the study and
their continuing support.
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Reliability and accuracy of the Glasgow Coma Scale
with experienced and inexperienced users

GLENN ROWLEY KATY FIELDING

To investigate whether the Glasgow Coma Scale
(GCS) can be used reliably and accurately by
inexperienced observers, ratings made by observers
grouped by level of experience were examined for
within-group interobserver disagreements and for
discrepancies with scores given by an expert. The
GCS was used accurately by experienced and highly
trained users, but inexperienced users made
consistent errors. The errors were such that they
would not be detectable by studies that examine only
interobserver agreement, and they were substantial,
averaging in some cases more than one point on the
four-point and five-point scales of the GCS. Also, the
error rates were highest at the intermediate levels of
consciousness, for which the detection of changesin
condition is vital. The findings support the continued
use of the GCS by appropriately qualified personnel,
but call into question much of the conventional
wisdom about its reliability when used by untrained
or inexperienced staff. The findings also suggest that
interobserver comparisons are insufficient for
establishing the viability of the GCS.

' Lancet 1991; 337: 535-38.

Introduction

Since its introduction in 1974 the (Glasgow Coma Scale
{GCS)! has gained widespread acceptance around the worid
as 2 means of assessing the level of consciousness of patients
with head injury. The scale consists of ratings for eye
opening based a four-point scale and those of verbal
respense and motor response on five-point scales. Its
primary purpose is to alert medical and nursing staff to
deterioration in a patient’s neurological status. The report
by Teasdale, Knill-Jones, and Van der Sande? has widely
been accepted as evidence that the scale is reliable when used
by experienced or inexperienced people. Teasdale’s
assertion? that the GCS “has proved to be useful, reliable
and practical and can be used by personnel of all grades of
experience’” has been widely endorsed,*’ even though the
study had revealed disagreement rates as high as 0-191,2
which indicates average disagreements among observers
approaching a whole scale point. Subsequent research on
the GCS has, with few exceptions,?? taken the reliability of
the scale as assured.

The establishment of ahigh level of observer agreement is
anecessary but not sufficient condition for continued faith in
the GCS. This study addresses questions that include, but
g0 beyond, conventional questions of reliability. First, it
looks at disagreements between observers as just one of
several sources of variation in GCS ratings, and second, it

looks at the accuracy of ratings, by comparing the ratings of
observers with those made by one expert observer, and
determining where and under what circumstances
important errors Occur.

Methods
Study design

The abservers were four groups of nurses, Group 1 consisted of 3
experienced nurses with ar least 2 years’ post-registration
experience and at least 1 year of current neuroscience nursing
practice. 2 held certificates in neuroscience nursing, and all had
undertaken format instruction in the GCS before this study. In a
previous study'® this group had shown exiremely high levels of
iriter-rater agreement in using the GCS. Group 2 consisted of 7
newly graduated nurses;all had received instruction in theuse of the
GCS, but had had very little experience with it and had not
previously worked in a neurosurgical ward. Groups 3and4 (5and 6
smdent nurses, respectively) had not previously worked in a
neurosurgical ward, nor had they received specific instruction in
neurological assessment.

Accompanied butnot assisted by the expert rater (an experienced
charge nurse responsible for instruction in the usé of the GCS in the
hospital), every group used the GCS 1o assess the same five or six
patients on three to five occasions. Different patients were used for
different groups of nurses to protect patients from over-assesstnent.
All patients had undergone neurosurgery or had sustained cranial
tratima and were being cared for in a neurosurgical ward. They were
selected for -the study simply because they were available for
assessment at the time that a group of observers could be brought
together. )

Before data collection, the group of observers was given 10
minutes to read instructions on the correct use of the GCS. These
instructions set out the prorocol to be followed, specifying the
stirnuli to be used and the order in which observations were 1o be
taken. The expert observed all procedures and made written netes
on any deparrures from protocol as they occurred; then when the
group had dispersed, she made her own GCS observations.

Data from any patient not available for all occasions were not
included in the study. The amount of unusable data was small.
Groups 1 and 3 were unaffected; 1 patient was unavailable on the
last day in group 2, and 1 patient was unavailable on the last 3 days
and 1 on a single day in group 4. Complete data were obtained as
follows: group 1—b patients observed by 3 raters on 4 occasions;
group 2—5 padents, 7 raters, 3 occasions; group 3--5 patients, 5
raters, 5 occasions; and group 4—5 patients, 6 raters, 5 occasions.
GCS ratings for cye response and motor response were recorded
separately for the left and right sides, in accord with the usual
practice at the hospital. Consequently, each patient assessment
yielded five ratings: left and right eye response, verbal response, and
leftand right mator response. Separate analyses were conducted for
each of these five aspects, and for each of the four groups of raters.

ADDRESSES: School of Graduata Studies, Faculty of
Education. Monash Univaersity, Melbourna, Victoria 3168,
Australia (Glann Rowley, PhD); Neurological/Neurosurgical
Unit. Alfred Hospital, Maelbourne (Katy Fielding, RN}
Correspondence to Dr G. Rowley.
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Measurement of observer agreement

The three measures of observer agreemnent used were: percent
agreement, a reliability coefficient, and the “disagreement rate”
inooduced by Teasdale et al ?

Percent agreement is widely understood but it is an “all-or-
nothing” megsure and is not sensitive to the amount of variability
among the patients being observed or to the magnitudes of the
errors made.

A reliability coefficient expresses the vardance associated with
real differences in that being measured as 3 preportion of the total
variance in a set of data. The coefficients reported in this study are
derived from generalisability theory,'? which exiends and
broadens standard reliability theory by acknowledging thar all
measurernents are subject 10 multiple sources of error and, with
adequate designs (as in this study), enables their contributions ta
measurement error 1o be quantified. The methed of computation is
asoutlined by Shaveison et al;'? for these data al] variation associated
with patients or their interaction with occasions is treated as
systematic variance, and all variation assocated with observers or
their staristical interactions with other sources, as error. These
coefficients are sensitive to the magnitudes of any disagreements,
andassess them in relation to the amount of variatjon present among
the patients being graded. The resulting coefficient can range
anywhere from zero (no systemaric variance) to one (no error
variarnce).

The disagreement rate as calculared by Teasdale et al’s formula,?
from discrepancies between individual ratings and “‘conserisus”
ratings (e, the modal observations for that patient), is sensitive o
the magnitudes of the disagreements between observers, not only to
the number of disagreements. However, it is an ad hoc measure
created for a specific purpose, and it is not widely known or
understood by researchers in other aress, It indicates the average
discrepancy between a single observation on a patent and the mode
of the observations by all observers on that patient, expressed as a
fraction of the maximum possible distance from the modal
(consensus) rating.

Measurement of accuracy

Acouracy was addressed by comparing the ratings given by each
rater to those awarded by the expert rater. The ratings of the expert
observer were taken as “correct” (ie, the best available
approximation to the truth), a procedure in line with those
traditionally used to estblish the validity of psychological
measurements,'? but rarely in the assessment of accuracy of GCS.*¢

Computation of disagreement rate from the discrepancies
berween individual ratings and the ratings of the expert observer
was identical to that used for the Teasdale disagreement rate, except
that the expert’s rating is substituted for the consensus rating; it
indicates degree of disagreemnent berween raters and the expert
observer, and a low value indicates that the ratings are accurate.
Directional and absolute means of. discrepancies between raters’ and
€xpert’s scores are presented. For the directional means, a positive
discrepancy occurs when the rating given is too high, and a negative
discrepancy when it is too low.

tdentffication of sources of error

Since patients who are fully alert (rating 4 on eye response, 5 on
verbal and motor response) or profoundly unconscious {rating 1)
can be rated much more easily than can patients whose conditions
lie berween these two extremes, data were also analysed by
category—end-of-range (4 and 1 for eye response, 5 and 1 for verbal
and motor response) and middle-range.

Results
Within-group refiability
Group 1 (the experienced nurses) were the most
consistent in their agsessments, bur ornly marginally more so
than were groups 2 (new graduates) and 3 (student nurses)
(table 1). Overall group 4 showed lower levels of agreement
than did the other three groups because of disagreement on

TABLE |—DISAGREEMENT RATES, PERCENT AGREEMENT, AND
RELIABILITY COEFFICIENTS FOR FOUR GROUPS OF OBSERVERS

Measure of Group 1 Group 2 | Group 3 Group 4
agreement with (experienced| (new | (student (student

with other raters nurses}  |graduates) nurses) Aurses)
_—
Percent agreement
Lefteye 08-6 96-2 925 82.0
Right eye 986 96-2 925 173
Verbal 100:0 95-2 892 927
Left motor 98-4 54-3 99-2 927
Righz motor 044 933 1000 04.0
(Mean) (98:0) (950 (947} (88-5)
—
Reliabifity coefficient
Left eye 0904 0983 0-789 G757
Right eye 0-9%4 0-983 0789 0757
Verbai 1-000 0984 0-637 4953
Left motor : 0-99¢ 0-906 0993 0879
Right motor 0985 0-872 1-000 0-955
(Mean) @-944) (0946) | @902 (os60)
Disagreement rate ’
Left eye 0-005 0-016 0061 0110
Right eye 0-005 0-016 0-106 0163
Verbal 0-000 0025 0035 0-023
Left motor 0-007 0-(48 0-004 0-047
Right moror 0030 0-064 0-000 0-028
(Mean) (0-009) (0034} (0-032) (0-074)

the rating of cye opening; for verbal response, and for left
and right motor response, their agreement was similar w
those within the other groups.

Accuracy

The disagreement rate and percent agreement computed
around the ratings of the expert observer warrant concern
(able 11). Although group 1 (the experienced nurses)
maintained 3 high level of accuracy (their disagreernent rates
averaged (-026 and their percent agreements averaged
96-4%), the other three groups gave observer agreements of
only 60-80% and disagreement rates of approximately (+15
1o 0:30.

Two conclusions follow from our findings. First,
experienced and well-trained practitioners can use the GCS
with extremely high levels of reliability and accuracy.
Second, practitioners with limited training and experience
int the use of the instrument can usc it with high levels of
reliability, but the accuracy of their ratings is suspect.

Magnitude and source of errors
On ali scales, the mean discrepancies for group 1 were
close to zero, whereas those for groups 2, 3, and 4 were

TABLE II—-DISAGREEMENT RATES AND PERCENT AGREEMENT
COMPUTED ARDUND THE EXPERT RATING FOR FOUR GROUPS
OF OBSERVERS .

Measure of
agreement with expert| Group 1 Group 2 | Group 3 | Group 4
Parcent agreement
Left eye 94-4 84-8 833 727
Righr eye ’ 94-4 348 833 66-7
Verbal 100-0 819 708 920
Left motor %86 076 592 380
Right motor 94-4 Tid 58-3 38-7
{Mean) (964} (78-1) L | (sl-6)
Disagreement rate
Left eye 0-046 0108 0-101 0-154
Right eye 0046 0-108 0101 0242
Verbal 0-000 0079 0-188 0-049 |
Left motor 0-007 0-248 0408 0-320
Right motor 0-032 0237 0389 0-577
(Mean) (0-026) {0-156) (0:237) (0-308}
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IEEMENT, AND TABLE HI—MEAN DISCREPANCIES BETWEEN RATERS AND Discussion
OF OBSERVERS EXPERT JUDGES o ]

Toomt ryIS—— The findings in this study provide the strongest support
sup roup ean discrepancy . .
ident | (student & with expert rater Group 1 Group 2 | Group 3 | Group 4 Yet. Se?jn flc;r the USE,I?‘E &t;:. GCS by experienced and highly
-ses) | nurses) : P YPve—" trained observers. 'The disagreement rates were very low,

; ';j':fi’i": .. 0286 “ o1 compared with, for example, those found by Teasdale ctal,?
is 820 & Right);.ye 011 _ 0:286 :g} “ N 0-12; who reported disagreement rates of 0-089 for eye opening,
5 773 ‘ Verbal 0-000 0105 0552 | 0147 0-091 for verbal response, and 0-091 for motor response {in
2 627 ! Left motor —0014 —0400 | ~0784 | —0933 their paper no distinction was made between left and right).
::S gi‘g r gﬁ;‘n ‘;’0“” ‘g:g;’g *3'390 —0600 | —1207 Teasdale’s observers (6 nurses, 7 neurosurgeens, and 5
| ©039) | (—0291)| (~0224)| (—0399) general surgical trainees) had not been trained ro use the

S S Absolute ) GCS but were provided with standard definitions as

- Left 0139 50 ; P

. et eye 0286 0240 03 guidance. Qur nurse-observers ranged from thoroughly
-789 0757 Right eye 0-139 0286 0:240 0653 ined and enced . enced p
V789 1 0757 Verbal 0000 0181 0712 | 0147 trained and experienced nurses (0 nexperienced nursing
w097 0053 * Left motor 0014 0552 0784 1-080 students with minimal formal training, so the high levels of
s 0-879 Right motor 0-042 0667 0-760 1-233 agreement are perhaps surprising but consistent with the
'g) (g'ggg . (Mean) (0-067) (0394)| (057)  (©695) oft-made®® statement that the GCS allows aceurate
il IS & assessment by both experienced and inexperienced staff.

. ] ) Our findings also illustrate an observation noted’ by

'?gé gi}g X TABLE IV—PERCENT AGREEMENT WITH EXPERT RATINGS FOR Fielding and Rowley"®—that disagreement rates create &
035 0023 : END-OF-RANGE AND MIDDLE-OF-RANGE SCORES more favourable impression than does percent agreement.
004 0047 g Level of The reason is that, in computing a disagreement rate,
00 0028 g conscious- discrepancy is counted as a fraction of the greater of the
0323 074 ness* Group 1 | Group 2 | Group 3 | Group 4 | Al groups distances from the modal rating to either end of the scale,
e.and for lef < Left eye ) whereas in computing a percent agreement, each
3 :D; 'lr € ﬁ‘;‘ﬂ 193'0 ff") 9‘;'5 184) 1 918 1110)| 843 (102895 (353) discrepancy is counted as one. The two are, therefore, not
vas similar © i - 619 (2 : 3 55- 1
ilar 10 e eyi? 000 {15] |19 (21) | 267 (15] | 470 (48} 355 (99) directly comparable. A percent agreement of, say, 950%
LTS End 930 (57) | 905 (84) | 91-8 r110)| 733 (126)88-1 (377) represents a cons1derably hlgher level of agreement than
Middle (1000 {15) 61-9¢21] | 267 (15} | 333 (24} 555 (75) does a disagreement rate of 0-05.
Verbal However, the results obmined for inexperienced
e computed ¢ End 1000 (66) | 986 (70) | 712 (125 958 {144)189-4 (405) observers call into question much of the reviousp research
Crant concern Middle (1000 (6} |48-6(35) t0) | 00¢6; [1a2(47) n g ot the py
nced nurses) Left mator and conventional wisdom on the reliability of the GCS when
ks End 100-0 (63) (543 (70) |100-0 (75} (1000 (54; 985 (262) itis used by inexperienced staff, We found impressive levels
reement rate; R‘\’;‘dk‘f 889 79) |143(35) [ 20(50}| 1%} | &5 (190) of consistency among inexperienced observers, but there
nts average ight Matar - . - .
sgreements of & End 100-0 (45) | 648 1) [100:0 /75 | 90-0 (60 8650 (271 was clear evidence of dl_sagreement bet\yeen their ratings
cimarely 015 F Middie | 963727 857 (14) | 20750} | 33¢90) 232 (181) and those of an expert observer.
¥ Cci:_mbinea' Agreement with the expert observer is a much tougher
) ' nd 972 (288)86:7 (399 | B9-1 (495)) 872 (486)iB0-4 (1668)  1eqt of the GCS than is interobserver agreement, and the
dings. First, Middle ST2(72) 476 (126)| T7(130)) 143 (264)302 (392) results reflect this difference. In this sglrdy as 1;1 thers
. 3 >
use the GCS *End=end of range of ratings; middle=middle of :ange. measures of interobsetrver agreément were derived from
nd acCUracy. Numberss in parentheses refer 1o the numbers of observations obtained within each b . f th . .
d experience category. observations of the same patients’ responses to the same
1igh levels of stimmili, whether applied correctly or incorrectly. Measures
uspect of accuracy were derived from comparisons between these
juspect. I substantally larger and usuallv negative (table 111}—ie, the observations and those of an expert observer to stimuli
ratings given by the less experienced groups were lower than applied (we assume correctly) by the expert. Consequently
roup 1 were they should have been, which indicates that their failure lay any lack of expertise in application of the stimuli would
y amI:l) 4 were [ in not noticing, or not producing, a response that was contribute to error in the assessments of accuracy, but could
? detected by the experienced practitioners. Except for group not be detected by measures of interobserver agreement,
AGREEMENT = 1, all groups made substantial errors, and in group 4, the size  The results demonstraie that the inexperienced users,
JUR GROUPS of the error in ranng motor response averaged more than one although maintaining a hlgh level o_f agreement amongst
scale point, for both sides. Motot response clearly caused the themseélves, made substantial and serious errors, averaging
— o greatest problem for the inexperienced raters; groups 2 and up to one point on the four-point and five-point scales of the
: 3 were only marginally bettet than group 4, being in error, GCS. Only studies that use an expert observer, such as this
w3 | Group4 P _ . X
i on average, by half to three-quarters of a scale point. The one and another by Ingersoll and Leyden,'* can identify
3 297 v experienced users were clearly superior on all aspects common etrors among a set of observers. The greatest
3 867 ) involved, and their mean errors were all small fractions of a difficulty that inexperienced users had was with middie-of-
3 20 A scale point. range scores, which confirms the suggestion made by
; gg?f 3 There were 1668 observations in the end-of-range Starmark, Holmgren, and Stalhammer.** The assertion that
» (61-6] ; category, and 592 in the middle-range category. The high the scale is usable by personnel of all grades of experience
= level of accuracy attained by the experienced raiers was has never been supported by evidence of accuracy, and our
ol 0134 ! maintained whether the ratings were easy (end-of-range) or results do not support it.
y ) more difficult (middle-of-range) (table 1v}. The other three The method adopted in this study is applicable to
101 D2 g 4 ! y 18 app icable
88 0049 T groups rated accurately for the end-of-range scores, but category rating scales in general, and has wide application.
108 320 i - much less so for the middle-range scores; in some cases the Generally, our results indicate that typical observer
fg; (g‘;gé) i level of agreement was even less than could be expected 1o agreement studies are essentially uninterpretable as they
RN S occur by chance. stand. For the GCS in particular, we found that measures of
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disagreement were highly dependent on the conditions of
the patients observed, Comparisons between measurernents
of disagreement obtained from different patients may fiot be
valid if it is likely that their conditions differ substantially. In
the present study, the tasks presented to the four groups
were not of equal difficulty, with group 4 having a smaller
percentage of end-of-range cbservations to make (65%)
than the other three groups (76 to 80%). As a minimurn,
such studies should include information on the distribution
of GCS scores so that the validity of the comparisons can be
judged.

For the future, further validatdon of the GCS is necessary
Even though further observer agreement studies are needed,
they should be supplemented by studies that cornpare
ratings with those by expert observers. For both types of
studies; it seems cssential that results be reported separately
for those patients who are at intermediate levels of
consciousness, and for those who are judged to be fully
conscious or fully unconscious. Only by demonstrating high
levels of accuracy for both patient conditions can the claims
made abotit the reliability and validity of the GCS for the
past fifteen years be fully supported.
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Lowther, Dr lan Mackay; Dr Merrill Rowley, and Dir Peter Tuton of the
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Prevention versus chemophobia: a defence of
rodent carcinogenicity tests

PETER F. INFANTE

Anxiety about chemicals found to be carcinogenic in
rodent studies has been labelled “chemophobia™® The
spread of this phobia has been amributed to “phantom
hazards” identified by current cancer testing methods.? If
this afgument is correct, public anxiety can be reduced; if
not, arguments that the tests are meaningless may damage
the long-term struggle to protect the health of the public.
Cancer is no phantom; in the USA it affects more than one in
four. In industrialised countries there have been increases in
almost all forms of cancer over the past two decades in
people over age 54 years (the ages at which most cancers
occur).? Thus, it seems reasonable to suspect that
environmental factors contribute to the rise in cancer
incidence (and mortality).

The methodology that has been criticised!## is the use of
the “estimated” maximum tolerated dose {EMTD) as the
high-dose level in cancer bioassays. Some writers have

" described the EMTD as a massive dose, It is not. The

maximum tolerated dose is defined as “the highest dose of
the test agent during the chronic study that can be predicted
not to alter the animals’ longevity from effects other than
carcinogenicity . . %, Moreover, the National Cancer
Institute investigators who devised the cancer testing

protocols by administering known human carqnogens W
laboratory animals found that cancer developed only in the
animals exposed to the EMTD.®

Some critics?* conclude that the cancers that appear after
the administration of a chemical at the EMTD are simply a
reflection of increased cellular proliferation, nota result of a
frue carcinogenic response. According to these critics, a
non-genotoxic substance given at the EMTD leads tosucha
high level of new cell proliferation thar cell multiplication
per se causes cancer. At lower doses, when there is no excess
proliferation, there would be no cancer. This view, put
simply, is that any substance given in a high enough dose
becomes a carcinogen. For genotoxic carcinogens, the critics
argue that the number of murations leading to cancer
response would vary at the same dose level depending on the
amount of increased cellular proliferation induced by the
test chemical at that dose level. The dose response below the
level of increased cellular proliferation presumably would be

ADDRESS: Health Standards Program, Occupationat Safety and
Health Administration, Department of Labor, Room N3718, 200
Constitution Avenus, NW, Washington DC 20210, USA. (Dr P.J
Infante, Dr PH).
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