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Abstract

Objective—Emergency medical services (EMS) personnel frequently use the Glasgow Coma
Scale (GCS) to assess injured and critically ill patients. This study assessed the accuracy of EMS
providers’ GCS scoring as well as the improvement in GCS assessment with the use of a scoring
aid.

Methods—This randomized, controlled study was conducted in the emergency department (ED)
of an urban, academic trauma center. Emergency medical technicians or paramedics who
transported a patient to the ED were randomly assessed one of nine written scenarios, either with
or without a GCS scoring aid. Scenarios were created by consensus of expert attending emergency
medicine, EMS, and neurocritical care physicians with universal consensus agreement on GCS
scores. Chi-square and student’s t-tests were used to compare groups.

Results—Of 180 participants, 178 completed the study. Overall, 73/178 (41%) participants gave
a GCS score that matched the expert consensus score. GCS was correct in 22/88 (25%) of cases
without the scoring aid. GCS was correct in 51/90 (57%) of cases with the scoring aid. Most
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(69%) of total GCS scores fell within one point of the expert consensus GCS score. Differences in
accuracy were most pronounced in scenarios with a correct GCS of 12 or below. Sub-component
accuracy was: eye 62%, verbal 70%, and motor 51%.

Conclusion—In this study, 60% of EMS participants provided inaccurate GCS estimates. Use of
a GCS scoring aid improved accuracy of EMS GCS assessments.

Introduction

Background and importance

First introduced in 1974, the Glasgow Coma Scale (GCS) is commonly used to describe the
level of consciousness in and to predict outcomes of a wide variety of patients, including
those in the prehospital setting.1=3 Prehospital providers use baseline and changes in GCS
assessments to indicate the severity of injuries or illness, and to aid in patient triage.2# In
addition to its clinical utility, the GCS is commonly used in research, both to ascertain
participant eligibility and as an outcomes assessment or adjustment for baseline severity.>

Since the GCS can play a role in the initial and ongoing treatment of the patient, quick and
accurate evaluation is necessary. The ability of prehospital providers to accurately score the
GCS has not been well reported, yet anecdotally they are often criticized for inaccurate GCS
assessment. There are only limited data characterizing the degree of EMS GCS inaccuracy.b
Furthermore, inter-rater reliability of GCS scoring is known to be low, including in the
prehospital setting.47-8 An aid to facilitate quick recall of the GCS in real-time could
improve scoring accuracy.?

Goals of this investigation

Methods

This study assessed the accuracy of EMS providers” GCS scoring of written scenarios and
estimated the potential for a GCS scoring aid to improve accuracy. We hypothesized that
providers assisted by a GCS scoring table would assess GCS more accurately than providers
who did not have the aid available.

Study design and setting

This randomized controlled study of the utility of a GCS scoring table aid was conducted in
the Emergency Department of an urban, academic level 1 trauma center. The University of
Cincinnati Institutional Review Board approved the study.

Selection of participants

Participants were emergency medical technicians or paramedics who had transported a
patient to the ED. We enrolled subjects during times of study personnel availability, which
included weekdays, nights, and weekends. Providers were only permitted to participate once
and had to be over the age of 18 years. The study was approved by the Institutional Review
Board and all participants provided informed consent.
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Methods of measurement

Outcomes

Sample size

Nine standardized brief patient scenarios (Supplemental Table) were modified from three
widely used EMS textbooks.10-12 Attending physicians specializing in emergency medicine,
EMS, and neurocritical care reviewed the scenarios and provided revisions until there was
universal agreement on GCS scores. The scenarios depicted patients with GCS scores
corresponding to mild (GCS 13-15), moderate (GCS 9-12), and severe (GCS 3-8) traumatic
brain injuries. The test scenarios and expert consensus GCS scores were verified by an
independent team of paramedic instructors.

Scenarios with or without the scoring table were placed into sequentially numbered, sealed
envelopes for distribution to participants. Each participant was randomly assigned to
determine GCS scores on one of the nine scenarios, with or without the scoring table. No
blinding methods were used after randomization. Participants were asked to provide the total
GCS score of the patient in the scenario, as well as the eye, verbal, and motor subcomponent
scores. The participants’ demographic information was collected, including experience,
level of training, and EMS practice habits.

The primary outcome was the absolute agreement between the participants’ assigned GCS
scores and the correct GCS score determined by the attending physician review. Secondary
outcomes included the frequency of scores falling within one point of the correct score,
accuracy of sub-component scores, and accuracy for the different levels of severity.

A sample size of 90 in each group would have 80% power to detect an absolute difference of
15% of the proportion of subjects able to correctly determine the GCS with or without the
GCS scoring aid when alpha is set to 0.05 and conservatively assuming a wide standard
deviation.

Data management and analysis

The one:one randomization sequence was generated using nQuery Adviser 7.0 (Statistical
Solutions, Boston, MA) and designed to ensure equal distribution of the nine scenarios
among those receiving the GCS aid and those not receiving the aid. Participants’ responses
were entered into an electronic database (REDCap, Vanderbilt University, Nashville, TN).
Out of range GCS scores were queried and confirmed. Missing data were minimal and left
missing. We compared participant GCS with expert consensus GCS ratings using the Chi-
Square Test to or Fisher’s Exact Test, as appropriate, to test for differences in proportions
and calculated 95% confidence intervals for the effect size. We adjusted for multiple
comparisons using Sidak’s method.

All statistical analyses were conducted using SPSS 22.0 (IBM Corporation, Armonk, NY).
Graphics were created using R (gplots). Differences in means and proportions and 95%
confidence intervals were calculated.
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Characteristics of study subjects

Between April 2013 and June 2013, 261 subjects were screened; sixteen declined
participation and 65 did not meet inclusion criteria. Of 180 subjects enrolled, two
participants were excluded due to incomplete GCS scores, leaving 178 cases in the analysis
(Supplemental Figure).

Participant characteristics are described in Table 1. About half (52%) were paramedics and
participants were drawn from 41 different EMS departments or agencies. The EMS agencies
are diverse and include rural, suburban, and urban settings, paid and volunteer staffing
models, and annual call volumes ranging from <500 to >55000. The mean length of
experience was 12 years (SD 8). Most (70%) reported they had been refreshed on GCS
material through a course, recertification, or training within the past year and 56% stated
they consistently use some sort of aid in the field to help determine the GCS score. The two
study arms were well matched in experience and certification levels, and no protocol
deviations occurred.

Primary Outcome

Overall, 73/178 (41%) participants gave a GCS score that matched the correct GCS score
(Table 2, Figure 1). Among participants who did not receive the standard GCS scoring table
as an aid, the GCS was correct in 22/88 (25%) of cases compared to 51/90 (57%) in those
who did receive the table aid (difference in proportions 32%, 95% CI 18-46%).

Secondary Outcomes

Overall, 123/178 (69%) of scores fell within one point of the correct GCS score. There was
equal likelihood to overestimate (29.2%) and underestimate (29.8%) the total GCS score.
More scores were correct within one point in the group who received the table aid than the
group who did not receive the table aid (82.2% v 55.7%; difference 26.5%, 95% CI 13.5-
39.6%). The mean difference between actual and participant-assigned GCS scores for the
group without the table was 2.6 and the mean participant assigned GCS scores for the group
with the table was 2.1 (difference of means 0.5, 95% CI -0.3 — 1.3). The difference in
accuracy between the two groups was most pronounced in the moderate (GCS 9-12) and
severe (GCS 3-8) scenarios (Table 2, Figure 1). Twelve (7%) participants gave sub-
component scores that are not possible on the scale. Eye component accuracy improved
from 43% without the table aid to 80% with the table aid, the verbal from 55% to 86%, and
motor from 31% to 70% (Table 2, Figure 1).

Limitations

Scoring a written scenario in a controlled environment and assigning a GCS score during the
immediate evaluation and treatment phase of an acutely ill or injured patient are inherently
different. While we have mirrored previously used methodologies,®13 our approach may
overestimate accuracy because the EMS providers are not subject to the task saturation of
clinical care. Conversely, it is possible that the information gained from examining a live
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patient could be more useful than that presented in a written scenario, which could improve
the accuracy of GCS estimates.

We did not record whether subjects sought help in scoring the scenarios, either from another
EMS provider or from their personal GCS scoring aides, although no such activity was
witnessed. Use of a scoring aid in the group not given one as part of the study would bias
towards improved accuracy, and failure to use the aid provided would cause the opposite. In
either case, the actual effect sizes would be greater than we observed.

While we identified a deficiency in GCS scoring by EMS providers, we are unable to
speculate as to the reasons such a deficiency exists. Use of a scoring aid does improve
accuracy, but discovery of other potential causes—and solutions—would be useful.

Discussion

These results suggest that GCS assessment with scoring table improves the accuracy of EMS
providers’ GCS scoring of patients using written scenarios. However, even with use of a
GCS table, accuracy of GCS scoring by EMS providers was low.

The GCS has been criticized as somewhat complex and the fundamental utility and
appropriateness of GCS scores in Emergency Medicine, and prehospital care by proxy, has
been challenged.1* We agree that GCS is imperfect and we support calls for a better tool.
However, despite these prior criticisms,14 GCS is still the tool that has been universally
adopted in clinical care. Until the GCS can be replaced, accurate scoring using the GCS
should be emphasized. The inability of EMS providers to accurately assess an injured
patient and communicate the findings is a problem regardless of the tool used.

Our data empirically quantify the inaccuracy, offering providers information that should be
useful in interpreting a prehospital GCS. Clinically, a one-point discrepancy in the GCS
score may be acceptable, and when a scoring table aid was made available to providers, 82%
of scores were within one point of the correct score. In other situations, even a one point
error may prompt inappropriate field triage to a trauma center, exclusion from a clinical
trial, or consideration of a procedure (i.e. endotracheal intubation). Providers were just as
likely to overestimate and underestimate scores, and the magnitude of the difference was
frequently enough to change the assigned category in the mild/moderate/severe
classification scheme (Figure 1).

While our findings of inaccuracy when relying on memory alone are, unfortunately, not
unique,? we show that having a scoring table aid readily available more than doubles (25%
to 57%) the number of accurate scores. To our knowledge, this is the first intervention
shown to improve GCS scoring accuracy. Based on our observations, EMS providers should
be given GCS scoring cards with real-time use strongly encouraged.

Some health care providers have advocated abandonment of the full GCS and suggest
simplifications or using only the motor component.15-18 In our sample, the motor score was
the least reliable of the subcomponents. Proposed alternatives to the GCS that simplify
assessment of consciousness include the FOUR score and the Emergency Coma Scale.19:20

Ann Emerg Med. Author manuscript; available in PMC 2016 March 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Feldman et al.

Page 6

However, these scoring methods may also suffer from accuracy limitations because the eye
and motor components are similar to the GCS. Additionally, many of the papers that
compare GCS to a newer tool of mental status assessment rely on retrospectively recorded
prehospital GCS values as the criterion standard.18:19 Our results do not support abandoning
the full GCS in favor of these alternatives.

Our findings provide the key insights regarding the inaccuracy of GCS scoring by EMS and
support the need for improved tools for evaluating out-of-hospital patients with neurologic
emergencies. Until a new method of evaluating altered mental status in the setting of trauma
is developed, validated, and adopted, use of a GCS scoring aid may help to improve the
accuracy of the EMS GCS assessments.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Dot-plot of assigned composite and component Glasgow Coma Scale (GCS) scores for each
scenario. Each circle represents the score assigned by a single respondent.
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