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Abstract

Study objective: Approximately 5% of emergency department patients present with
altered mental status (AMS). AMS is diagnostically challenging because of the wide
range of causes and is associated with high mortality. We sought to develop a clini-
cal decision rule predicting admission risk among emergency department (ED) patients
with AMS.

Methods: Using retrospective chart review of ED encounters for AMS over a 2-month
period, we recorded causes of AMS and numerous clinical variables. Encounters were
split into those admitted to the hospital (‘cases”) and those discharged from the ED
(“controls”). Using the first month’s data, variables correlated with hospital admission
were identified and narrowed using univariate and multivariate statistics, including
recursive partitioning. These variables were then organized into a clinical decision rule
and validated on the second month’s data. The decision rule results were also com-
pared to 1-year mortality.

Results: We identified 351 encounters for AMS over a 2-month period. Significant con-
tributors to AMS included intoxication and chronic disorder decompensation. ED data
predicting hospital admission included vital sign abnormalities, select lab studies, and
psychiatric/intoxicant history. The decision rule sorted patients into low, moderate, or
high risk of admission (11.1%, 44.3%, and 89.1% admitted, respectively) and was pre-
dictive of 1-year mortality (low-risk group 1.8%, high-risk group 34.3%).

Conclusions: We catalogued common causes for AMS among patients presenting to
the ED, and our data-driven decision tool triaged these patients for risk of admission
with good predictive accuracy. These methods for creating clinical decision rules might

be further studied and improved to optimize ED patient care.
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1 | INTRODUCTION

1.1 | Background

Altered mental status (AMS) can be defined as an acute change
in thought content or level of arousal in the absence of focal
neurological symptoms and signs. Health care workers frequently
use AMS interchangeably with confusion, delirium, encephalopathy,
altered level of consciousness, “found down,” or unresponsive. AMS
is present in ~5%-10% of adult emergency department patients!
with a high prevalence in elderly individuals and those with comorbid

conditions.?3

1.2 | Importance

The high mortality associated with acute mental status changes war-
rants treatment as a medical emergency.* Timely and focused care
avoids diagnostic delays and reduces mortality.> However, the diagnos-
tic challenge of AMS lies in the myriad of potential etiologies originat-
ing from virtually any organ system.’*¢ The clinical evaluation of AMS
patients is variable because of the broad differential and lack of univer-
sally accepted guidelines. Workup in the emergency department (ED)
can be extensive, leading to unnecessary costs and significant amounts
of time needed to integrate test results into triage decisions.” Pre-
vious attempts to structure the diagnostic approach for AMS have
focused on a narrow subset of causes or excluded important under-
diagnosed conditions, such as dementia and schizophrenia.*?-12 An
alternative approach is to identify the essential information needed to
determine whether a patient with AMS is admitted or discharged from
the ED.

1.3 | Goals of this investigation
Our objectives were to identify the causes of AMS in patients present-
ing to the ED and to create a clinical decision rule predicting patients’

risk for hospital admission and mortality.

2 | METHODS

2.1 | Study design and setting

This study was conducted at the University of California Davis Medical
Center (UCDMC) in Sacramento, CA. UCDMC is an urban, high-
volume, trauma, and referral teaching hospital serving the central
valley of northern California. It has a large catchment area and serves
as a primary center for medical treatment of the surrounding area. This
research was approved by the UC Davis Internal Review Board (IRB #
873849). The electronic health record (EHR) system used at UCDMC

was Epic (Epic Systems Corporation, Verona, WI).

The Bottom Line

Altered mental status is a common reason for presentation
to the emergency department (ED). In this study the authors
applied recursive partitioning to clinical data from an aca-
demic medical center to derive a clinical decision rule identi-
fying ED patients with altered mental status who may require
hospital admission or who may be at increased risk for 1-year
death. Although meriting independent validation, this study
illustrates a potential approach to organizing risk stratifica-

tion in this population.

The study was an observational retrospective cohort study on
patients presenting to the UCDMC ED with a chief complaint of AMS
in July and August of 2015. The goal of the study was to develop a clini-
cal decision rule predicting admission of patients based upon statistical
and hierarchical analysis of real-world data.

2.2 | Study population

We retrospectively analyzed adult patients (18 years old and up) who
presented with a triage chief complaint of AMS to the UCDMC ED
between July (5726 encounters, 4975 patients) and August 2015
(5892 encounters, 5074 patients). From these 11,618 encounters, we
reviewed all patient encounters in which the initial ED chief complaint
was listed as one of the following codes in the EHR: Altered Mental
Status Acute, Altered Mental Status Stable Non-acute, Altered Mental
Status with Fever, Delusional/Hallucinating, Psychiatric Problem, Con-
fusion (Delirium), Memory Loss, Speaking Difficulty, Altered Level of
Consciousness, Dementia, Found Down, and Neurologic Problem. Of
these 352 patient encounters, one was excluded because of improper

coding. The remaining 351 encounters were generated by 325 patients.

2.3 | Data collection

Each included encounter was manually reviewed to collect data. We
recorded seven situation-related variables: hospital admission, ED
triage level of acuity, time in the ED, number of ED visits in the past
year, arrival by ambulance, independent living at baseline, and dura-
tion of hospitalization (if admitted) (Table 1). The final diagnosis for
the etiology of AMS in each encounter was recorded as listed in the
final document by the treating physician at discharge (ED or inpatient
team; categorized in Table 2). After review of the 151 encounters from
July 2015, the following final diagnostic categories were identified:
intoxication, head trauma, chronic psychiatric condition, chronic med-
ical condition, seizure, transient ischemic attack (TIA) or stroke, dehy-
dration, hypoglycemia, infection, cardiac, other, and unknown. If multi-
ple etiologies were listed as the final diagnosis for AMS, all the associ-

ated diagnoses were recorded. We also recorded initial vital signs and
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TABLE 1 Summary statistics of AMS encounters. Encounter data and demographics for July and August 2015

Demographics

Total # of ED encounters

Encounters for AMS

Male

Age (years)

Prior ED visit within 1 year prior to presentation
Average # of ED visits within 1 year prior to presentations
Encounters arriving by ambulance

Independent at baseline

Time spent in the ED (hours)

Number of encounters leading to admission
Duration of stay for those admitted (days)
Deaths within 1 year of AMS encounter

Age of patients who died within 1 year

Age of patients not known to die within 1 year

Abbreviations: AMS, altered mental status; ED, emergency department.
Data presented as N (%) or mean (SD).

TABLE 2 Causes of AMSin ED Patients from July and August
2015. The number of cases (%) in which each entity was a contributor
to AMS of patients presenting to the UCDMC ED

August
Cause of AMS July 2015 2015
Intoxication 64(42.1) 73(36.7)
Preexisting chronic psychiatric 36(23.7) 53(26.6)
Preexisting chronic 48(31.6) 57 (28.6)

non-psychiatricillness

Dehydration 6(3.9) 24(12.1)
Hypoglycemia 6(3.9) 6(3.0)
Infection 18 (11.8) 37(18.6)
TIA or stroke 7 (4.6) 4(2.0)
Seizure 6(3.9) 5(2.5)
Head trauma 2(1.3) 0(0)
Other 5(3.3) 9(4.5)
Cardiac 6(3.9) 7(3.5)
Unknown 18(11.8) 13(6.5)

Abbreviations: AMS, altered mental status; ED, emergency department;
TIA, transient ischemic attack; UCDMC, University of California Davis Med-
ical Center.

July: n =152, August: n = 199.

lab values obtained within the first 24 hours of ED arrival (listed in
Table 3). If present, data from urine drug screens, urinalyses, electro-
cardiograms, chest x-rays (CXRs), lumbar puncture, and head imaging
also were recorded and classified (listed in Table 3). Prespecified rules
for classification of select tests as "normal" versus "abnormal" were
used. For radiologic studies, the final chart diagnosis by the reading

radiologist was used for classification according to prespecified rules.

Derivation cohort

WILEY- >

Validation cohort

(July 2015) (August 2015)
5726 5892

152 (2.7%) 199 (3.4%)
83/152(54.6%) 104/199 (52.3%)
52.3(17.7) 51.6(17.3)
84/152(55.3%) 103/199 (51.8%)
2.3(3.5) 2.6(4.5)
89/152(58.6%) 108/199 (54.3%)
125/152 (82.2%) 167/199 (83.9%)
15.8(36.9) 12.8(17.6)
57/152 (37.5%) 86/199 (43.2%)
8.3(12.9) 9.5(20.6)
16/152 (10.5%) 32/199 (16.1%)
67.2(9.7) 65.4(12.1)

50.8 (17.6) 49.2(16.9)

Data on mortality were assessed though manual chart review by
determining if the AMS patient was documented in the EHR to have
died within 1 year of their ED visit or entered hospice within 6 months
of the ED visit.

2.4 | Outcomes

The primary outcome was hospital admission. The secondary outcome

was 1-year mortality.

2.5 | Data analyses
2.5.1 | Handling of missing data

Absent clinical data were common. We deliberately excluded studies
ordered more than 24 hours after ED arrival because they reflected
inpatient evaluation rather than ED triage. Because data were miss-
ing not at random, excluding encounters that lacked a given diagnostic
test would bias the sample population and multiple imputation was not
thought to be valid.13

Acknowledging that missing lab values were deliberate, we thought
it most accurate to use normal values in place of missing data using sin-
gle imputation. For results with a binary outcome (eg, normal vs abnor-
mal), missing values were presumed to be normal. This rule was applied
to electrocardiogram (missing in 52%), CXR (missing in 47%), urinal-
ysis (missing in 49%), computed tomography (CT) and magnetic reso-
nance imaging (MRI) of the head (missing in 51% and 94% of cases,
respectively), and urine drug screen (missing in 57% of cases). We made
an exception for encounters with an abnormal CT in which case MRI
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TABLE 3 List of collected clinical variables and univariate analysis

Variable

Intoxicant exposure or known psychiatric history—n (%)
Arrived by ambulance—n (%)

High triage acuity (“Resuscitation or Crisis”)—n (%)
Oxygen saturation > 92% on room air—n (%)

Abnormal electrocardiogram—n (%)

Abnormal chest x-ray—n (%)

Abnormal urinalysis—n (%)

Abnormal CT scan of the head—n (%)

Abnormal brain MRI—n (%)

Abnormal urine drug screen—n (%)

Sex, male—n (%)

Living unsupervised (eg, not from a nursing facility)—n (%)
Age, years—median (IQR)

Number of ED visits in the preceding year—median (IQR)
HR, BPM—median (IQR)

aHR difference (HR - 75 BPM)—median (IQR)

RR, BrPM—median (IQR)

aRR difference (RR - 16 BrPM)—median (IQR)

Body temperature, C—median (IQR)

aBody temperature difference (temperature - 37°C)—median (IQR)
Systolic BP, mmHg—median (IQR)

aSystolic BP difference (SBP - 120 mmHg)—median (IQR)
Diastolic BP, mmHg—median (IQR)

aDiastolic BP difference (DBP - 75 mmHg)—median (IQR)
WBC, thousands per mm3 - median (IQR)

aWBC difference (WBC - 7.75 K/mm3)—median (IQR)
Hgb, g/dL—median (IQR)

aHgb difference

Women: (Hgb - 14 g/dL), men: (Hgb - 15.5 mg/dL)—median (IQR)
Platelets K/mm3—median (IQR)

aPlatelet difference (platelets - 265 K/mm3)—median (IQR)
Sodium, mmol/L—median (IQR)

aSodium difference (sodium - 140 mmol/L)—median (IQR)
K mmol/L—median (IQR)

aK difference (potassium - 4.15 mmol/L)—median (IQR)
Chloride mmol/L—median (IQR)

aChloride difference (chloride - 102.5 mmol/L) - median (IQR)
Total CO2, mmol/L—median (IQR)

aCO2 difference (total CO2 - 28 mmol/L)median (IQR)
Blood urea nitrogen, mg/dL—median (IQR)

Creatinine, mg/dL—median (IQR)

Glucose, mg/dL—median (IQR)

aGlucose difference (glucose - 119.5 mg/dL)—median (IQR)
Calcium, mg/dL—median (IQR)

aCalcium difference (calcium - 9.55 mg/dL)—median (IQR)

SIMKINS ET AL.

Admitted Not admitted P
33(23) 142(69) <0.001
98 (68) 99 (48) <0.001
134 (94) 144 (70) <0.001
101(70) 198 (86) <0.001
23(16) 7(3) <0.001
45(31) 8(4) <0.001
40(28) 12 (6) <0.001
20(14) 1(0.5) <0.001
22(15) 1(0.5) <0.001
29(20) 35(17) 0.49
80(55) 107 (52) 0.59
120(83) 172(83) 0.89
61(51-73) 47.5(33-62) <0.001
1(0-3) 1(0-3) 0.66
89(75-109) 88(77-99) 0.36
18 (10-36) 14 (8-24) 0.01
18(16-20) 16.5(16-18) 0.13
2(0-4) 2(0-3) <0.001
36.7 (36.5-37.0) 36.7 (36.6-36.9) 0.66
0.4 (0.2-0.7) 0.3(0.2-0.5) <0.001
123(107-149) 127 (115-140) 0.39
16 (8-37) 13(6-23.75) 0.003
73(59-88) 75(63.25-83) 0.69
15 (6-25) 9.5 (4-18) <0.001
8.9(7.3-12.6) 7.9 (6.5-9.5) <0.001
2.05(0.95-4.95) 1.37 (0.64-2.55) <0.001
12.3(10.3-13.9) 13.2(12.3-14.4) <0.001
2.6(1.3-4.6) 1.5(0.9-2.6) <0.001
240 (167-305) 246(202-299) 0.07
67(28-111) 52(25-87) 0.01
138 (134-140) 139(137-141) <0.001
3(2-6) 2(1-3) <0.001
4.0(3.5-4.5) 3.9(3.5-4.1) 0.11
0.55(0.25-0.95) 0.35(0.15-0.65) <0.001
103 (97-106) 104 (102-106) <0.001
4.5(1.5-7.5) 2.5(1.5-4.5) <0.001
24 (21-27) 26 (24-28) <0.001
4(2-7) 2(1-4) <0.001
20 (11-36) 13(9-18) <0.001
1.26(0.80-2.27) 0.89(0.72-1.07) <0.001
129(106-172) 105 (94-126) <0.001
27.5(11.5-52.5) 21.5(11.8-32.5) 0.005
8.9 (8.4-9.3) 9.1(8.8-9.5) <0.001
0.65(0.35-1.15) 0.47 (0.25-0.75) <0.001

(Continues)
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TABLE 3 (Continued)

Variable

Magnesium, mg/dL—median (IQR)

aMagnesium difference (magnesium—2.05 mg/dL)—median (IQR)
Total protein, g/dL—median (IQR)

aProtein difference (total protein - 7.3 g/dL)—median (IQR)
Albumin, g/dL—median (IQR)

aAlbumin difference (albumin - 4.1 g/dL)—median (IQR)
Alkaline phosphatase, units/dL—median (IQR)

Total bilirubin, mg/dL—median (IQR)

Direct bilirubin, mg/dL—median (IQR)

AST, units/L—median (IQR)

ALT, units/L—median (IQR)

Ammonia, umol/L—median (IQR)

Lipase, units/L—median (IQR)

Ethanol, mg/dL—median (IQR; 90th%ile)

Troponin I, ng/mL—median (IQR)

Lactate, mEq/L—median (IQR)

TSH, microlU/mL- median (IQR)

aTSH difference (TSH- 1.825 microlU/mL)—median (IQR)
Free T4, ng/dL—median (IQR)

aT4 difference (free T4-1.1 ng/dL)—median (IQR)

WILEY->*™

Admitted Not admitted P
2.0(1.8-2.3) 2.0(1.8-2.2) 0.56
0.25(0.15-0.37) 0.18 (0.08-0.34) 0.005
6.9 (6.4-7.5) 7.3(6.8-7.6) 0.002
0.7 (0.3-1.1) 0.4(0.2-0.7) <0.001
3.4(2.9-4.0) 4.0(3.8-4.3) <0.001
0.7 (0.3-1.2) 0.3(0.1-0.5) <0.001
84 (65-113) 70(57-86) <0.001
0.8(0.6-1.1) 0.8 (0.6-1.0) 0.19
0.12(0.10-0.20) 0.10(0.09-0.16) <0.001
32(23-54) 30(23-35) 0.007
25(17-42) 28(17-38) 0.58
21.3(14.5-36.0) 17.3(12.5-22.5) <0.001
31(22-40) 30(24-36) 0.89
0(0-0;0) 0(0-0; 125) 0.20
0.014(0.010-0.040) 0.010(0.003-0.014) <0.001
1.7 (1.2-2.4) 1.3(1.0-1.6) <0.001
1.71(1.18-2.30) 1.83(1.30-2.46) 0.18
0.58 (0.24-1.02) 0.57 (0.28-0.98) 0.94
1.10(0.90-1.25) 1.11(0.92-1.28) 0.48
0.18 (0.08-0.30) 0.18 (0.10-0.32) 0.50

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BP, blood pressure; BPM, beats per minute; BrPM, breaths per minute; CO2,
carbon dioxide; CT, computed tomography; Hgb, hemoglobin; HR, heart rate; IQR, interquartile range; MRI, magnetic resonance imaging; K, potassium’ RR,

respiratory rate; T4,thyroxine; TSH, thyroid stimulating hormone.
2Difference from median normal lab value.

Combined imputed data from July and August 2015-there were no significant differences between the months.

was also presumed abnormal. Missing normally distributed continu-
ous variables were imputed by random sampling of the hospital lab’s
normal distribution (mean + two SDs defined by lab cutoff values).
Two exceptions were troponin and ethanol. Troponin values are expo-
nentially distributed; therefore, missing values were filled with a ran-
domly selected value from a similar exponential distribution. Ethanol
blood levels have a bimodal distribution and if absent presumed to be
0 mg/dL. These imputed values were used for all statistical analyses,
unless otherwise noted. An exception to this was data from lumbar
puncture. Only five of 351 encounters had a lumbar puncture; there-
fore, these data were neither imputed nor included in the analysis as
they were felt to be so rare that they would not meaningfully contribute

to the development of a clinical decision rule.

2.5.2 | Identification of statistically significant
and unique clinical variables

All statistical analyses were performed in R (version 3.3.3; https:/
www.r-project.org).

Initially, each recorded laboratory or demographic value was tested
to determine if it was associated with hospital admission from ED

encounters during the month of July 2015 using univariate analysis
(Table 3). We used a Fisher’s exact test for categorical variables and a
Wilcoxon rank-sum test for continuous variables. For continuous vari-
ables where either a high or a low value may be associated with ill
health (eg, hyponatremia or hypernatremia), we assessed the absolute
value of the lab after subtracting the median lab reference value. How-
ever, we found that the list of potentially useful variables (P < 0.05) was
still too long to organize into a concise clinical decision rule, and thus
we turned to multivariate approaches to narrow the list of critical clin-
ical variables.

We next used non-parametric stepwise multiple regression,
wherein the strongest single predictor of admission was identified and
used as covariate to reassess the significance of all other variables.
When two predictors are highly correlated (eg, systolic and diastolic
blood pressure) using one as a covariate downplays the importance
of the other. Thus, covariate analysis permits identification of the
next-strongest unique predictor of admission. The process repeats,
and, at each step, P values are recalculated to adjust for any non-zero
correlation between predictors. After enough cycles, addition of
another variable becomes redundant. Such a redundant variable
does not improve the multiple regression model and weakens one or
more of the initial unique predictors to the point that it falls above
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a preselected threshold to enter the model (P = 0.05). This method
helped identify the most salient predictive variables associated with
hospital admission.

Given that stepwise multiple regression approaches often produce
inefficient decision rules, recursive partitioning analysis can be used to
generate meaningful decision rules from large and redundant variable
sets.2* Therefore, in addition to the previously described analyses, we
separately analyzed the data using the recursive partitioning packages
rpart and ctree packages in R.1>1¢ These analyses helped further refine
the list of important clinical variables predictive of hospital admission.

The outcome of performing the univariate, stepwise regression, and
recursive partitioning analysis was the identification of a list of high-
quality predictors for hospital admission that could then be arranged

into a clinical decision rule.

2.5.3 | Clinical decision rule development

Multivariate methods narrowed the list of predictors to the following:
known history of a significant psychiatric disorder (eg, schizophrenia)
and/or a history of recent intoxication, serum creatinine, serum albu-
min (sometimes alongside aspartate aminotransferase), diastolic pres-
sure, oxygenation on room air, ED triage assigned level of acuity, low
hemoglobin, and abnormal brain imaging. For the development of a
clinical decision rule, these variables were organized by the order of
availability during a typical encounter. Responses to initial therapies
(eg, glucose for hypoglycemia) were placed at the beginning of the deci-
sion rule because they often happen before hospital arrival, are high
yield,! and were predictive using both univariate (Table 3) and mul-
tivariate analyses. Brain imaging was placed at the end of the deci-
sion rule given the order of availability in a typical encounter but was
dropped after further refinements based on (1) review of July cases
and (2) a desire to avoid sorting seriously ill patients into a “low-risk”
category. We also found triage level of acuity performed best when
moved later in the clinical decision rule. Cutoff values were manually
adjusted to best sort patients into hospital admission versus discharge
from the ED. This final clinical decision rule was used to sort patients
into low, moderate, or high risk of admission. As an internal check on
the performance of the clinical decision rule, we tested for an associ-
ation between rule-assigned risk of admission and whether a patient
was admitted on the July 2015 data using a chi-square test. The deci-
sion rule was not altered based on this internal check.

2.5.4 | Clinical decision rule validation

The developed clinical decision rule was validated by application to
a novel set of ED cases with AMS (August 2015). We employed chi-
square tests to determine if there was an association between the risk
of admission determined with the clinical decision rule, and mortality
risk within year of presentation. In all “moderate-risk” cases, and all
cases for which the clinical decision rule was discrepant with clinical

outcome, we performed a qualitative review.

3 | RESULTS

3.1 | Cohort characteristics

Summary statistics of the included encounters are presented in Table 1.
Approximately half of the 325 patients were male. Ages were nor-
mally distributed with no differences between July and August cohorts.
Excluding repeat visits occurring during the study period, 64% of
patients had at least one prior ED visit in the past year.

Of the 351 encounters studied, 41.3% led to hospital admission
(Table 1). Of those admitted, the mean (+ SD) hospital length of stay
was 9.0 + 18.0 days (Table 1). The 48 patients who presented with AMS
and died within one year of ED presentation were significantly older
than those surviving (for each month P < 0.001; Table 1).

Of the identified cause(s) for a patient's AMS, 58.1% of encoun-
ters had only one identifiable cause (represented in Figure 1). These
encounters were most often for intoxication and chronic psychiatric
conditions. Less-common causes included stroke/TIA (8 cases) and
hypoglycemia (7 cases). The remainder of AMS cases were multifac-
torial and frequently involved combinations of infection, dehydration,
and chronic medical conditions (Table 2). Younger age was more asso-
ciated with chronic psychiatric conditions and intoxication; whereas,
older age was associated with dehydration, chronic medical conditions,
and infection.

When infection was a contributor to AMS (55 cases), a CXR and
urinalysis was reliably ordered. In those cases, 17 had an abnormal
CXR, 31 had an abnormal urinalysis, and 10 had abnormalities in both.
This left 14 cases without an abnormality on either test, most of which
(8/14) still met at least two of four systemic inflammatory response
syndrome criteria based on the first set of vital signs.?”:18

3.2 | Development of the clinical decision rule

Using univariate analyses, we found that many variables were asso-
ciated with hospital admission (Table 3). Stepwise regression analysis
of July data then revealed that admission was more likely when there
was no psychiatric history nor recent intoxication (P < 0.001), albu-
min was low (P < 0.001), brain MRI was abnormal (P < 0.001), crea-
tinine was high (P = 0.001), the patient was not oxygenating well on
room air (P = 0.001), and when aspartate aminotransferase was high
(P=0.002).

Recursive partitioning analysis using the rpart package in R prior-
itized splitting patients first by serum creatinine (high values favor
admission) followed by the absence of a psychiatric/intoxicant his-
tory. This was followed by further splitting for anemia, hypotension,
and low albumin. When using the ctree package, the most predictive
information was the absence of a psychiatric or intoxication history
(P < 0.001). For those with a psychiatric/intoxication history, elevated
creatinine favored admission (P = 0.007). For those without a psychi-
atric/intoxication history, ctree identified low albumin as the strongest
predictor (P = 0.005). When decision tree analysis was repeated
without including interpolated missing laboratory data values, those
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FIGURE 1 Causes of altered mental status (AMS). Modified Venn diagram: connecting lines denote shared cases, (n) = causes of AMS and are
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two of which are linked to a third cause (eg, a patient with a stroke and urosepsis and the baseline chronic medical condition of dementia).

Abbreviation: TIA, transient ischemic stroke

without a psychiatric/intoxication history were best sorted by triage
level of acuity (high acuity favoring admission, P = 0.03). Based on this
analysis, we created a clinical decision rule for patients presenting to
the ED with AMS (Figure 2). When the clinical decision rule was applied
to July encounters as an internal check of performance, a patient’s rule-
assigned risk of admission was significantly related to the probability of
admission (P < 0.001). Admissions occurred in 6% (5/78) from the low-
risk group, 42% (14/33) in the moderate-risk group, and 93% (38/41) in
the high-risk group.

3.3 | Evaluation of the clinical decision rule

The clinical decision rule’s ability to predict admission was validated
on a novel dataset acquired from August ED encounters. The clinical
decision rule demonstrated a robust association between the decision
rule assigned risk and admission (P < 0.001). Specifically, admission
occurred in 15% (15/102) of the low-risk group, 46% (13/28) in the
moderate-risk group, and 87% (60/69) in the high-risk group.

3.3.1 | High-risk for hospitalization

Summing data from both months, 110 encounters were stratified by
the clinical decision rule as high risk. Of these, we identified 12 cases
for which the clinical decision rule predicted admission, but the patient
was discharged from the ED. We reviewed each of these discrepant
cases individually. In four, the patient was ill enough to warrant admis-
sion, but admission was inconsistent with goals of care or illness sever-
ity was recognized later. Of the remaining eight cases, patients rapidly

returned to their baseline without intervention.

3.3.2 | Low-risk for hospitalization

Combining data from both months, 20 patients categorized as low
risk were admitted. In six cases, the single highest-priority diagnos-
tic test based on clinical history—such as liver function tests for a
patient running out of lactulose—was abnormal enough to warrant

admission. Another nine low-risk patients were admitted for profound
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TRIAGE
« vital signs
« acuity / risk level
« treat low blood glucose
« treat dehydration
Does patient still have AMS?

oo i " MODERATE RISK

Very abnormal vital signs?
ISBP<80 or >210 mm Hg

DBP<40 or >110 mm Hg

HIGH RISK
Sp0,<92%, or using O,

no

ADDITIONAL HISTORY
Recent intoxication? and/or
Pertinent psychiatric history?

yes

no

METABOLIC PANEL
Signs of organ dysfunction?

lalbumin < 3.5 g/dL

creatinine > 1.9 mg/dL

no

Triage acuity / risk level?

high: “Resus” or “Crisis”

[ MODERATE RISK
| LOW RISK

FIGURE 2 Clinical decision rule for admission after ED
presentation for AMS. All grayscale elements of the flowsheet were
developed using data from July 2015 and then validated against data
from August 2015. Blood pressure cutoffs are listed in mmHg.
Abbreviations: AMS, altered mental status; DBP, diastolic blood
pressure; ED, emergency department; SBP, systolic blood pressure;
SpO,, oxygen saturation by pulse oximetry

low

intoxication. The remaining five cases were admitted because of inade-

quate home care.

3.3.3 | Moderate-risk for hospitalization

The clinical decision rule assigned 61 cases as moderate-risk. Patients
who rapidly responded to treatment for hypoglycemia and dehydra-
tion were identified as moderate-risk (n = 13) and sometimes admit-
ted because of other clinical concerns (eg, syncope workup). Review
of the remaining 48 moderate-risk encounters revealed several things.
Common AMS causes in this group included occult infection and intox-
ication denied on history. Of the 22 moderate-risk patients admitted,
three had abnormal body temperature and two others had an elevated
anion gap. Serum lactate was elevated in six. Of those not admitted,
the most common cause of AMS was unknown (11 cases) because the
patient left the ED before the physician had a chance to perform a com-

plete workup. Several other trends were noted within moderate-risk

group patients without dehydration or hypoglycemia: younger patients
were most likely to have a positive drug screen, all patients with an
abnormal CXR were over 55 years old, and most patients with an
abnormal urinalysis were women. Based on these patterns, testing
for the above (lactate, drug screen, CXR, urinalysis) in moderate-risk
patients could be suggested to help further triage patients, but has not
been validated against a novel dataset.

3.4 | Prediction of mortality

Mortality within one year of ED presentation was compared to the clin-
ical decisionrule’s assigned risk of admission. As some encounters were
repeat visits, only the first visit was considered in these analyses. For
July, no low-risk patients died in the subsequent year compared to 30%
of high-risk patients (Figure 3). The moderate-risk group had an inter-
mediate mortality of 12.9% (Figure 3). This pattern was replicated in
the August data (Figure 3). For each month, the rule-assigned risk was a
significant predictor of mortality within one year (Figure 3). Combining
the two months, roughly one-third of high-risk assigned patients died
within a year, compared to 1.8% and 12.3% in the low- and moderate-

risk groups, respectively (Figure 3).

3.5 | Study limitations

This study has several limitations. The dataset used in this study is
relatively small but allowed for manual chart review. Manual chart
review was deemed important for this initial analysis to (1) capture
data not easily obtained through automated means (eg, rapid response
of a hypoglycemic patient to glucose), (2) ensure accurate categoriza-
tion of the causes of AMS, and (3) gauge the safety of labeling a patient
as “low risk.” The single-center retrospective design limits generaliza-
tion to populations outside our hospital system. However, the meth-
ods used to develop this clinical decision rule are readily available at
other health systems with an EHR from which data can be extracted. As
such, customized AMS clinical decision rules could be created with rel-
ative ease. Streamlined data extraction using machine-learning tech-
niques could accelerate/refine this process. Future studies may bene-
fit from additional patient selection criteria (eg, Glasgow Coma Scale)
to more fully capture all AMS patients. Another limitation of this study
is that mortality was derived solely from EHR chart review rather than
other methods (eg, coroner records). Thus, mortality associated with
our clinical decision rule’s assigned risk level may be underestimated.
The retrospective nature of this study limits the ability to determine if
the clinical decision rule can improve outcome measures such as mor-

tality, morbidity, and cost-effectiveness.

4 | DISCUSSION

AMS is common in the ED with many etiologies and an associated

high mortality rate.* Several authors note there is no consistent
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FIGURE 3 Correlation between clinical decision rule outcome and 1-year mortality. Mortality within one year is significantly correlated with
clinical decision rule assigned risk of hospital admission in patients presenting to the ED with AMS. Left and middle: Bars represent the percentage
of patients who died within one year. Numbers in parenthesis are the number of patients who died out of the total number of patients assigned to
that group. Right: Bars represent the percentage of patients who died +95% confidence interval

diagnostic approach to evaluate individuals presenting with AMS.4-6.12
Our objective was to identify which data could most accurately and
concisely predict the need for hospital admission. Using retrospective
analysis, we identified a concise list of variables that accurately pre-
dicted admission of AMS patients. These factors guided our develop-
ment of a clinical decision rule aiming for a data-driven, time-efficient
approach toinitial AMS workup by stratifying patients according to risk
of admission. We also found that stratification of admission risk was
predictive of 1-year mortality.

In our patient population, the most common etiologies of AMS
included intoxication, chronic medical conditions, and psychiatric con-
ditions (Figure 1). Multifactorial cases were common (151/351) with
contributions from dehydration, infection, and/or chronic medical con-
ditions (Figure 1; Table 2). Given the higher medical complexity and
baseline disease burden in older patients, it is not surprising older age
was associated with hospital admission and increased 1-year mortality.
Surprisingly, age had a minimal contribution in multivariate analyses.
Instead, the most critical information was obtained through clinical his-
tory, vital signs, and a few high-yield serum studies (Figure 2). This hier-
archy of information matches prior work emphasizing the importance
of clinical history-taking.!

In the present dataset, AMS most commonly represents neurologi-
cal dysfunction secondary to the dysfunction of other organ systems.
Our analysis indicates that presenting to an ED with AMS should be
viewed as a critical life event. Patients with AMS presenting with a
sufficiently large abnormality in any vital sign or select serum mark-
ers (Figure 2) should be viewed as having multiorgan dysfunction
with a high likelihood of admission and 1-year mortality. The ~30%
1-year mortality observed in high-risk cases reflects the severity of
multisystem disease underlying AMS presentations. Further studies
on this concept are warranted, particularly whether mortality can be

improved in AMS patients with earlier identification and treatment.

Given the lack of universally accepted approaches to AMS, pub-
lished diagnostic algorithms support a broad initial workup.2>¢ OQur
algorithm implies many diagnostic tests are not necessary to deter-
mine the need for admission. Therefore, this represents an opportu-
nity to limit testing and speed ED triage. As an example, CT of the
head was ordered for 37% (88/220 cases) of low- and moderate-risk
patients and was abnormal in five cases. Four of those abnormalities
would have been captured by restricting CT imaging to those with (1)
prior intracranial malignancy, (2) new head trauma, or (3) focal neuro-
logical signs. The fifth case was an incidental subdural hematoma that
did not change clinical management. Had the CT head been ordered
for all the decision rule high-risk patients (n = 120) and restricted to
low-risk cases with the aforementioned indications, CT orders could be
reduced by nearly 50%. However, it is recognized that some ED imag-
ing for low-risk cases is warranted to fully rule out potential serious
processes. Although expanded laboratory testing and brainimaging are
expected for high-risk AMS patients, some of these studies might be
safely deferred until hospital admission.

In summary, AMS is an emergency clinical presentation represent-
ing underlying organ dysfunction of variable etiology and an associ-
ated high mortality. We have created a method by which real world
clinical data were used to generate a clinical decision rule for patients
presenting to the ED with AMS. This method could be easily imple-
mented in any hospital setting with an EHR. Further refinement of this
method and the resultant clinical decision rule could be aided by mod-
ern machine learning techniques. Additional validation and refinement
of this method may also be used to assist providers in arriving at deci-

sion points along the diagnostic journey more quickly and effectively.
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