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BACKGROUND: Altered mental status is a significant pre-
dictor of mortality in inpatients. Several scales exist to char-
acterize mental status, including the AVPU (Alert, responds
to Voice, responds to Pain, Unresponsive) scale, which is
used in many early-warning scores in the general-ward set-
ting. The use of the Glasgow Coma Scale (GCS) and Rich-
mond Agitation Sedation Scale (RASS) is not well
established in this population.

OBJECTIVE: To compare the accuracies of AVPU, GCS,
and RASS for predicting inpatient mortality.

DESIGN: Retrospective cohort study.

SETTING: Single, urban, academic medical center.

PARTICIPANTS: Adult inpatients on the general wards.

MEASUREMENTS: Nurses recorded GCS and RASS on
consecutive adult hospitalizations. AVPU was extracted
from the eye subscale of the GCS. We compared the accu-
racies of each scale for predicting in-hospital mortality

within 24 hours of a mental-status observation using area
under the receiver operating characteristic curves (AUC).

RESULTS: There were 295,974 paired observations of GCS

and RASS obtained from 26,873 admissions; 417 (1.6%)

resulted in in-hospital death. GCS and RASS more accu-

rately predicted mortality than AVPU (AUC 0.80 and 0.82,
respectively, vs 0.73; P< 0.001 for both comparisons).

Simultaneous use of GCS and RASS produced an AUC of

0.85 (95% confidence interval: 0.82-0.87, P< 0.001 when

compared to all 3 scales).

CONCLUSIONS: In ward patients, both GCS and RASS

were significantly more accurate predictors of mortality
than AVPU. In addition, combining GCS and RASS was

more accurate than any scale alone. Routine tracking of

GCS and/or RASS on general wards may improve the accu-
racy of detecting clinical deterioration. Journal of Hospital

Medicine 2015;10:658–663. VC 2015 Society of Hospital

Medicine

Altered mental status (AMS), characterized by abnor-
mal changes in a patient’s arousal and/or cognition, is
a significant predictor of hospital mortality.1–3 Yet
despite its prevalence3–5 and importance, up to three-
quarters of AMS events go unrecognized by caregiv-
ers.6–8 Acute changes in mental status, often caused
by delirium in the hospitalized patient,3 can present
nonspecifically, making it difficult to detect and distin-
guish from other diagnoses such as depression or
dementia.7,9 Further complicating the recognition of
AMS, numerous and imprecise qualitative descriptors
such as “confused” and “alert and oriented” are used
in clinical practice to describe the mental status of
patients.10 Thus, more objective measures may result
in improved detection of altered mental status and in
earlier diagnostic and therapeutic interventions.

In critically ill patients, several scales have been
widely adopted for quantifying mental status. The
Richmond Agitation and Sedation Scale (RASS) was
created to optimize sedation.11 The Glasgow Coma
Scale (GCS) was developed for head-trauma patients12

and is now a standardized assessment tool in intensive
care units,13 the emergency department,14 and the pre-
hospital setting.15 In addition, a simplified scale, AVPU
(Alert, responsive to Verbal stimuli, responsive to Pain-
ful stimuli, and Unresponsive) was initially used in the
primary survey of trauma patients16 but is now a com-
mon component of early-warning scores and rapid
response activation criteria, such as the Modified Early
Warning Score (MEWS).17,18 In fact, in a systematic
review of 72 distinct early-warning scores, 89% of the
scores used AVPU as the measure of mentation.17

However, the utility of these 3 scales is not well estab-
lished in the general-ward setting. Our aim was there-
fore to compare the accuracies of AVPU, GCS, and
RASS for predicting mortality in hospitalized general-
ward patients to provide insight into the accuracy of
these different scores for clinical deterioration.

METHODS
Study Setting and Protocol

We conducted an observational cohort study of con-
secutive adult general-ward admissions from July
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2011 through January 2013 at a 500-bed, urban US
teaching hospital. During the study period, no early-
warning scoring systems were in place on the hospital
wards. Rapid response teams responding to altered
mental status would do so without specific thresholds
for activation. During this period, nurses on the gen-
eral floors were expected to record each patient’s GCS
and RASS score in the electronic health record (EPIC
Systems Corp., Verona, WI) as part of the routine
patient assessment at least once every 12-hour shift.
AVPU assessments were extracted from the eye com-
ponent of the GCS. The letter “A” was assigned to a
GCS Eye score of 4 (opens eyes spontaneously), “V”
to a score of 3 (opens eyes in response to voice), “P”
to a score of 2 (opens eyes in response to painful stim-
uli), and “U” to a score of 1 (does not open eyes). To
avoid comparison of mental-status scores at different
time points, only concurrent GCS and RASS scores,
documented within 10 minutes of one another, were
included in the analysis.

Location and time-stamped GCS and RASS scores,
demographics, and in-hospital mortality data were
obtained from the hospital’s Clinical Research Data
Warehouse, which is maintained by the Center for
Research Informatics at The University of Chicago.
The study protocol and data-collection mechanisms
were approved by The University of Chicago Institu-
tional Review Board (#16995A).

Statistical Analysis

Baseline admission characteristics were described
using proportions (%) and measures of central tend-
ency (mean, standard deviations [SD]; median, inter-
quartile ranges [IQR]). Patient severity of illness at
first ward observation was calculated using the
MEWS.19 All mental-status observations during a
patient’s ward stay were included in the analysis.
Odds ratios for 24-hour mortality following an abnor-
mal mental-status score were calculated using general-
ized estimating equations, with an exchangeable
correlation structure to account for the correlation of
scores within the same patient, as more than 1 abnor-
mal mental-status score may have been documented
within the 24 hours preceding death. Spearman’s rank
correlation coefficients (q) were used to estimate the
correlation among AVPU, GCS, and RASS scores.

The predictive accuracies of AVPU, GCS, RASS,
and the subscales of GCS were compared using the
area under the receiver operating characteristic curve
(AUC), with mortality within 24 hours of a mental-
status observation as the primary outcome and the
mental-status score as the predictor variable. Although
AUCs are typically used as a measure of discrimina-
tive ability, this study used AUCs to summarize both
sensitivity and specificity across a range of cutoffs,
providing an overall measure of predictive accuracies
across mental-status scales. To estimate AUCs, the
AVPU, GCS, and GCS subscales were entered into a

logistic regression model as ordinal variables, whereas
RASS was entered as a nominal variable due to its
positive and negative components, and predicted
probabilities were calculated. In addition, a combined
model was fit where GCS and RASS were classified as
categorical independent variables. AUCs were then
calculated by utilizing the predicted probabilities from
each logistic regression model using the trapezoidal
rule.20 A sensitivity analysis was performed to esti-
mate the internal validity of the RASS model using
10-fold cross-validation.

Predefined subgroup analyses were performed that
compared the accuracies of AVPU, GCS, and RASS
for predicting 24-hour mortality in patients above and
below the median age of the study population, and
between patients who underwent surgery during their
admission or not (surgical vs medical). All tests of
significance used a 2-sided P value <0.05. All data
analysis was performed using Stata version 13.0
(StataCorp, College Station, TX).

RESULTS
During the study period, 313,577 complete GCS and
305,177 RASS scores were recorded in the electronic
health record by nursing staff. A total of 26,806
(17,603 GCS and 9203 RASS) observations were
excluded due to nonsimultaneous measurement of the
other score, resulting in 295,974 paired mental-status
observations. These observations were obtained from
26,873 admissions in 17,660 unique patients, with a
median MEWS at ward admission of 1 (IQR 1–1).
The mean patient age was 57 years (SD 17), and 23%
were surgical patients (Table 1). Patients spent a
median 63.9 hours (IQR 26.7–118.6) on the wards
per admission and contributed a median of 3 paired
observations (IQR 2–4) per day, with 91% of patients
having at least 2 observations per day. A total of 417
(1.6%) general-ward admissions resulted in death dur-
ing the hospitalization, with 354 mental-status obser-
vations occurring within 24 hours of a death. In

TABLE 1. Baseline Characteristics of Hospital
Admissions

Total no. of admissions 26,873
Total no. of unique patients 17,660
Age, y, mean (SD) 57 (17)
Female sex, n (%) 14,293 (53)
Race, n (%)

White 10,516 (39)
Black 12,580 (47)
Other/unknown 3,777 (14)

Admission MEWS, median (IQR) 1 (1–1)
Days on ward, median (IQR) 5 (3–10)
Observations per person, per day, median (IQR) 3 (2–4)
Underwent surgery during hospitalization, n (%) 6,141 (23)
Deaths, n (%) 417 (1.6)

NOTE: Characteristics are stratified at the hospital admission level. Abbreviations: IQR, interquartile range;
MEWS, Modified Early Warning Score; n, number of observations; SD, standard deviation.

Mental Status to Predict Mortality | Zadravecz et al

An Official Publication of the Society of Hospital Medicine Journal of Hospital Medicine Vol 10 | No 10 | October 2015 659



addition, 26,618 (99.9%) admissions had at least 1
paired mental-status observation within the last 24
hours of their ward stay.

AVPU was moderately correlated with GCS (Spear-
man’s q 5 0.56) (Figure 1a) and weakly correlated
with RASS (Spearman’s q 5 0.28) (Figure 1b). GCS
scores were also weakly correlated to RASS (Spear-
man’s q 5 0.13, P< 0.001). Notably, AVPU mapped
to distinct levels of GCS, with “Alert” associated with
a median GCS total score of 15, “Voice” a score of
12, “Pain” a score of 8, and “Unresponsive” a score
of 5. Abnormal mental-status scores on any scale
were associated with significantly higher odds of death
within 24 hours than normal mental-status scores
(Table 2). This association was consistent within the 3
subscales of GCS and for scores in both the sedation
(<0) and agitation (>0) ranges of RASS.

AVPU was the least accurate predictor of mortality
(AUC 0.73 [95% confidence interval {CI}: 0.71–
0.76]), whereas simultaneous use of GCS and RASS
was the most accurate predictor (AUC 0.85 [95% CI:

0.82–0.87] (Figure 2). The accuracies of GCS and RASS
were not significantly different from one another in the
total study population (AUC 0.80 [95% CI: 0.77–0.83]
and 0.82 [0.79–0.84], respectively, P 5 0.13). Ten-fold
cross-validation to estimate the internal validity of the
RASS model resulted in a lower AUC (0.78 [95% CI:
0.75–0.81]) for RASS as a predictor of 24-hour mortal-
ity. Subgroup analysis indicated that RASS was more
accurate than GCS in younger patients (<57 years old)
and in surgical patients (Figure 3).

Removal of the 255 admissions missing a paired
mental-status observation within the last 24 hours of
their ward stay resulted in no change in the AUC val-
ues. A sensitivity analysis for prediction of a combined
secondary outcome of 24-hour intensive care unit ICU
transfer or cardiac arrest yielded lower AUCs for each
mental-status scale, with no change in the association
among scales.

DISCUSSION
To our knowledge, this study is the first to compare
the accuracies of AVPU, GCS, and RASS for predict-
ing mortality in the general-ward setting. Similar to
McNarry and Goldhill, we demonstrated that AVPU
scores mapped to distinct levels of GCS. Although our
study reports the same median GCS scores of 15 and
8 for AVPU levels of Alert and Pain, respectively, we
indicate slightly lower corresponding median GCS
scores for AVPU scores of Voice (12 vs 13) and Unre-
sponsive (5 vs 6) than their previous work.21 We
found that AVPU was the least accurate predictor of
mortality within 24 hours of an observation, and the

FIG. 1. Score correlations between (1a) AVPU and GCS total, and between

(1b) AVPU and RASS. Boxes indicate interquartile range (25th to 75th per-

centiles), whiskers indicate 5th to 95th percentiles, and diamonds indicate

median. Each correlation is significant at P< 0.001. Abbreviations: AVPU,

Alert-Voice-Pain-Unresponsive; GCS, Glascow Coma Scale; RASS, Rich-

mond Agitation Sedation Scale.

TABLE 2. Odds of Mortality Within 24 Hours of an
Abnormal Mental-Status Score

Mental-status

Score

Observations,

n (%)

Odds Ratio for

Mortality (95% CI)

GCS Eye (AVPU)
4 (alert) 289,857 (98) Reference
<4 (not alert) 6,117 (2) 33.8 (23.9–47.9)

GCS Verbal
5 277,862 (94) Reference
4 11,258 (4) 4.7 (2.8–7.9)
<4 6,854 (2) 52.7 (38.0–73.2)

GCS Motor
6 287,441 (97) Reference
<6 8,533 (3) 41.8 (30.7–56.9)

GCS total
15 276,042 (93) Reference
13, 14 12,437 (4) 5.2 (3.3–8.3)
<13 7,495 (3) 55.5 (40.0–77.1)

RASS
>0 6,867 (2) 8.5 (5.6–13.0)
0 275,708 (93) Reference
<0 13,339 (5) 25.8 (19.2–34.6)

NOTE: Odds ratios, with 95% CIs, comparing the probability of mortality within 24 hours of an abnormal
mental-status score to the probability of mortality within 24 hours of a normal mental-status score (Refer-
ence). All calculations control for clustering of observations within the same admission. All odds ratios were
significant at P< 0.001. Abbreviations: AVPU, Alert-Voice-Pain-Unresponsive; CI, confidence interval;
GCS, Glascow Coma Scale; n, number of observations; RASS, Richmond Agitation Sedation Scale.
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combination of GCS and RASS was the most accu-
rate. RASS was at least as accurate a predictor for 24-
hour mortality in comparison to GCS total in the

overall study population. However, the RASS score
was the most accurate individual score in surgical and
younger patients. These findings suggest that changing

FIG. 2. Predictive accuracies of mental-status scales (and GCS subscales) for mortality within 24 hours of a mental-status observation (*P< 0.001). AUC with

whiskers indicating 95% confidence intervals for predicting mortality occurring within 24 hours of a mental-status observation. AUCs are shown for each mental-

status scale, for the combination of GCS and RASS, and for the 3 subscales of the GCS. Abbreviations: 95% CI, 95% confidence interval; AUC, area under the

receiver operating characteristic curve; AVPU, Alert-Voice-Pain-Unresponsive; GCS, Glascow Coma Scale; RASS, Richmond Agitation Sedation Scale.

FIG. 3. Predictive accuracies of AVPU, GCS, and RASS for mortality within 24 hours of a mental-status observation. Subgroup analysis is based on age and surgi-

cal status (*P< 0.05, **P< 0.001). AUC with whiskers indicating 95% CI for predicting mortality occurring within 24 hours of a mental-status observation, analyzed

at the observation level, and stratified by patient age (below or greater than or equal to the median age of 57 years) and surgical status (patient with surgery during

hospitalization or medical patient only). Abbreviations: 95% CI, 95% confidence interval; AUC, area under the receiver operating characteristic curve; AVPU, Alert-

Voice-Pain-Unresponsive; GCS, Glascow Coma Scale; RASS, Richmond Agitation Sedation Scale.
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from the commonly used AVPU scale to the RASS
and/or GCS would improve the prognostic ability of
mental-status assessments on the general wards.

Buist and colleagues have previously demonstrated
altered mental status to be one of the strongest predic-
tors of death on the wards. In that study, a GCS score
of 3 and a decrease in GCS score by more than 2
points were independently associated with mortality
(odds ratio 6.1 [95% CI: 3.1–11.8] and 5.5 [95% CI:
2.6–11.9], respectively).22 We have also previously
shown that after adjusting for vital signs, being unre-
sponsive to pain was associated with a 4.5-fold
increase in the odds of death within 24 hours,23wher-
eas Subbe and colleagues showed a relative risk ratio
of 5.2 (95% CI: 1.5–18.1) for the combined endpoint
of cardiac arrest, death at 60 days, or admission to
the intensive care/high dependency unit.19 In the cur-
rent study, the magnitude of these associations was
even stronger, with a GCS score <13 correlating with
a 55-fold increase in the odds of death, compared to a
normal GCS, and not being alert being associated
with a 33.8-fold increase in the odds of death. This
difference in magnitude is likely a product of the uni-
variate nature of the current analysis, compared to
both the Buist et al. and Churpek et al. studies, which
adjusted for vital signs, thereby lessening the impact
of any single predictor. Because this study was
designed to compare mental-status variables to one
another for future model inclusion, and all the analy-
ses were paired, confounding by additional predictors
of death was not a concern.

One of the potential strengths of RASS over GCS
and AVPU is its ability to measure agitation levels, in
addition to depressed mentation, a feature that has
been shown to be present in up to 60% of delirium
episodes.24 This may also explain why RASS was the
most accurate predictor of mortality in our subset of
younger patients and surgical patients, because hyper-
active delirium is more common in younger and health-
ier patients, which surgical patients tend to be as
compared to medical patients.25,26 In this study, we
found negative RASS scores portending a worse prog-
nosis than positive ones, which supports previous find-
ings that hypoactive delirium had a higher association
with mortality than hyperactive delirium at 6 months
(hazard ratio 1.90 vs 1.37) and at 1 year (hazard ratio
1.60 vs 1.30) in elderly patients at post–acute-care
facilities in 2 separate studies.27,28 However, a study of
patients undergoing surgery for hip fracture found that
patients with hyperactive delirium were more likely to
die or be placed in a nursing home at 1 month follow-
up when compared to patients with purely hypoactive
delirium (79% vs 32%, P 5 0.003).29

We found the assessment of RASS and GCS by
ward nurses to be highly feasible. During the study
period, nurses assessed mental status with the GCS
and RASS scales at least once per 12-hour shift in
91% of patients. GCS has been shown to be reliably

and accurately recorded by experienced nurses (reli-
ability coefficient 5 0.944 with 96.4% agreement with
expert ratings).30 RASS can take <30 seconds to
administer, and in previous studies of the ICU setting
has been shown to have over 94% nurse compliance
for administration,31 and good inter-rater reliability
(weighted kappa 0.66 and 0.89, respectively).31,32

Further, in a prior survey of 55 critical care nurses,
82% agreed that RASS was easy to score and clini-
cally relevant.31

This study has several limitations. First, it was con-
ducted in a single academic institution, which may
limit generalizability to other hospitals. Second, base-
line cognition and comorbidities were not available in
the dataset, so we were unable to conduct additional
subgroup analyses by these categories. However, we
used age and hospital admission type as proxies.
Third, the AVPU scores in this study were extracted
from the Eye subset of the GCS scale, as AVPU was
not directly assessed on our wards during the study
period. Clinical assessment of mental status on the
AVPU scale notes the presence of any active patient
response (eg, eye opening, grunting, moaning, move-
ment) to increasingly noxious stimuli. As such, our
adaptation of AVPU using only eye-opening criteria
may underestimate the true number of patients cor-
rectly classified as alert, or responding to vocal/painful
stimuli. However, a sensitivity analysis comparing
directly assessed AVPU during a 3-year period prior
to the study implementation at our institution, and
AVPU derived from the GCS Eye subscale for the
study period, indicated no difference in predictive
value for 24-hour mortality. Fourth, we did not per-
form trend analyses for change from baseline mental
status or evolution of AMS, which may more accu-
rately predict 24-hour mortality than discrete mental-
status observations. Finally, the 3 scales we compared
differ in length, which may bias the AUC against
AVPU, a 4-point scale with a trapezoidal ROC curve
compared to the smoother curve generated by the 15-
point GCS scale, for example. However, the lack of
discrimination of the AVPU is the likely source of its
lesser accuracy.

CONCLUSION
In the general-ward setting, routine collection of GCS
and RASS is feasible, and both are significantly more
accurate for predicting mortality than the more com-
monly used AVPU scale. In addition, the combination
of GCS and RASS has greater accuracy than any of
the 3 individual scales. RASS may be particularly ben-
eficial in the assessment of younger and/or surgical
patients. Routine documentation and tracking of GCS
and/or RASS by nurses may improve the detection of
clinical deterioration in general-ward patients. In addi-
tion, future early-warning scores may benefit from the
inclusion of GCS and/or RASS in lieu of AVPU.
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