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patients in the emergency department: Life in the
fast lane

Hai-yu Xiao', Yu-xuan Wang’, Teng-da Xu’, Hua-dong Zhu’, Shu-bin Guo®, Zhong Wang’, Xue-zhong Yu’

" Department of Medicine, Beijing Puren Hospital, Beijing 100062, China
? Department of Behavioral Science and Health Education, Emory University Rollins School of Public Health, Atlanta, USA

? Department of Emergency Medicine, Peking Union Medical College Hospital, Chinese Academy of Medical Sciences,
Beijing 100730, China

Corresponding Author: Teng-da Xu, Email: xutengda@yahoo.com.cn

BACKGROUND: Altered mental status (AMS) is a very common emergency case, but the exact
etiology of many AMS patients is unknown. Patients often manifest vague symptoms, thus, AMS
diagnosis and treatment are highly challenging for emergency physicians. The aim of this study is to
provide a framework for the assessment of AMS patients. This assessment should allow providers to
better understand the etiology of mental status changes and therefore improve diagnostic skills and
management.

METHODS: This is a prospective cohort observational study. We recruited all adult patients
with undifferentiated AMS at a single center tertiary care academic emergency department over 24
months (June 2009 to June 2011). Demographic characteristics, clinical manifestations, assessment
approaches, causative factors, emergency treatments and outcomes were collected prospectively.

RESULTS: In 1934 patients with AMS recruited, accounting for 0.93% of all emergency
department (ED) patients, 1 026 (53.1%) were male, and 908 (46.9%) female. Their average age
was 51.95+15.71 years. Etiologic factors were neurological (n=641; 35.0%), pharmacological
and toxicological (n=421; 23.0%), systemic and organic (n=266; 14.5%), infectious (n=167;
9.1%), endocrine/metabolic (n=145; 7.9%), psychiatric (n=71; 3.9%), traumatic (n=38; 2.1%), and
gynecologic and obstetric (n=35; 1.9%). Total mortality rate was 8.1% (n=156). The death rate was
higher in elderly patients (=60) than in younger patients (10.8% vs. 6.9%, P=0.003).

CONCLUSIONS: Patients with AMS pose a challenge for ED physicians. The most frequently
encountered diagnostic categories causing AMS were primary CNS disorders, intoxication, organ
system dysfunction, and endocrine/metabolic diseases. AMS has a high fatality rate in the ED. AMS
is an important warning signal for ED patients because of its potentially fatal and reversible effects.
Prompt evaluation and treatment are essential to decreasing morbidity and mortality associated with
AMS.
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INTRODUCTION

Altered mental status (AMS) comprises a group of
clinical symptoms rather than a specific diagnosis, and
includes cognitive disorders, attention disorders, arousal
disorders, and decreased level of consciousness.!! AMS is
a very common emergency case, but the exact etiology of
many AMS patients is unknown. Patients often manifest
vague symptoms, thus, AMS diagnosis and treatment
are highly challenging for emergency physicians. An
in-depth understanding of the pathogenesis of AMS
and complete patient assessment will help increase the
diagnosis rate and ensure treatment accuracy.

Current epidemiological studies rarely focus on AMS
with very few studies worldwide.””! Nevertheless, in
the standardization of the emergency department acuity
level sponsored by a group emergency physicians at the
Harvard medical school, AMS syndrome is significant
to establish an emergency severe index (ESI) for which
Level 1 is "no response” (most critical level) and Level
2 is "other acute changes in consciousness (drowsiness,
mental confusion, disorientation, etc)" for timely
diagnosis and efficient treatment.”’ This study aims
to determine the demographic characteristics, clinical
assessment methods, etiology, clinical prognosis, and
emergency intervention strategies that are implemented
among emergency AMS patients.

METHODS

Research design and subjects
This research was a prospective observational cohort

study. The subjects of the study were 110 000 emergency
patients at the medical center, a 2000-bed teaching
hospital. The research duration was from June 1, 2009 to
May 31, 2011. The study involved 207 450 emergency
patients, in which 33 490 (16.1%) were elderly patients
aged 60 years and over.

Research protocol
In this study, the clinical records of adult (=14

years) AMS patients in the emergency department were
collected by a previously designed case registration form
which contained patient demographics, time and manner
of admission, medical history, signs and symptoms upon
admission (including vitals), laboratory tests, imaging
data, etiology of diagnosis, clinical assessment methods,
and emergency intervention/outcome. Suicidal motive
and tendencies, history of mood disorders, anxiety, and
psychotic symptoms were evaluated by a psychiatrist.
All AMS patients were treated in the emergency

department and subjected to observation for at least
24 hours from the time of admission to discharge.
The patients who developed AMS symptoms during
throughput in the emergency department were also
included in the study.

Inclusion criteria
The subjects of the study needed to meet one of the

following criteria:”! Glasgow coma score<15; socially
withdrawn and exhibits place and/or time disorientation;
diminished or absent response to verbal or physical
stimuli; somnolent; inability to maintain arousal;
hallucinates; confusion; and other abnormally behavior.

Exclusion criteria
The research subjects were adult AMS patients.

Children aged<14 years were excluded because of their
poor representation (small sample size). This study
focused on AMS patients with acute exacerbation
and symptoms lasting for<l week; hence, chronic
AMS patients such as those with Alzheimer's and
schizophrenia, or those with AMS symptoms for
more than 1 week were excluded. Patients who
had experienced one-time AMS symptoms prior to
hospitalization, with symptoms disappearing prior to
emergency treatment, as well as those who experienced
loss of consciousness or cardiac arrest during emergency
treatment were excluded.

A total of 1 934 qualified AMS patients were included
in this study. Among them, 1 727 exhibited AMS (89.3%)
prior to emergency treatment and 207 exhibited AMS
(10.7%) during emergency treatment. The collected research
data were retrospectively analyzed by an independent group
of physicians (two emergency department physicians, a
neurologist, and a psychiatrist) to determine the origin of
symptoms and identify an emergency method for diagnosis.
Almost 1 831 AMS patients (94.7%) were diagnosed at the
time of hospital discharge.

Research grouping
The patients were divided into groups according to

age, i.e., elderly (>60 years) and non-elderly (<60 years),
as well as according to AMS etiology, i.e., primary
nervous system and non-nervous system factors.

Statistical analysis
In this study we utilized the SPSS 17.0 statistical

software for data analysis. Statistical data were compared
using the chi-square test where P<0.05 was considered
statistically significant.
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RESULTS
Demographic characteristics
In the 1 934 AMS patients collected, accounting for

0.93% of the total emergency patients, 1 026 were male
(53.1%) and 908 female (46.9%); their age ranged from
14 to 97 years ( average age 51.95+15.71 years). Almost
701 patients were <40 years (36.3%), 436 were 40—60
years (22.5%), and 797 were>60 years (41.2%). Figure
1 shows the age distribution of emergency patients as a
bi-peak distribution; the first peak was for patients aged
33 years, and the second peak was for patients aged 72
years.

The modes of patient arrival to the hospital were as
follows: ambulance (43%), private car or taxi (34%),
ambulatory (20%), and police car (3%). The places of
origin prior to hospital arrival were as follows: home
or work/study places (71%), on the way to the hospital
(12%), other hospitals (11%), nursing home (3%), and
police department (3%). The times of hospital arrival
were as follows: 8 am—5 pm (44%), 6 pm—11 pm (39%),
and 12 am-7 am (17%). The onsets of AMS symptoms
prior to hospital arrival were as follows: <2 hours (40%),
<12 hours (33%), <24 hours (15%), <3 days (6%), and
<1 week (6%).

AMS classification and composition
Patients were classified according to AMS symptoms

group were unresponsive to pain and verbal stimuli and
46% were deeply asleep or had waking-up difficulty. The
second category accounted for 12%, and third category
accounted for 18%. Table 1 shows the proportional
composition of the clinical manifestations according to
the AMS standards (a patient may meet more than one
AMS standard).

Emergency assessment of AMS
Analysis of the assessment method used for

the causative diagnosis of AMS in patients showed
that routine emergency assessment methods were
important for accurate diagnosis. The clinical values
of the diagnostic evaluation were as follows: patients
diagnosed by history of disease (40%), by previous
history of AMS (including medication history) (32%),
by physical examination (21%), by treatment responses
(19%), and by all four assessment methods (60%). The
other diagnostic assessment methods used were imaging
examinations (16%), 12-lead ECG (3%), laboratory tests
(13%; 5% on arterial blood gas, 5% on blood chemistry,

Table 1. Disease profile for AMS patients in the emergency department

Clinical status Number of patients (%)
Difficulties to arouse 1025 (53)
Glasgow Coma Scale<15 851 (44)

Frequency of distribution

Disorientation for time, space and/or people 696 (36)
from total loss of consciousness to extreme excitation,  Diminished responsiveness to verbal 677 (35)
and were categorized as follows: 1) central nervous or physical stimulation

e e . . Confusions 522 (27)

system inhibition: coma, drowsiness, and confusion; Unable to remain awake or conversant 406 (21)
2) central nervous system stimulation: irritability and  Bizarre or inappropriate behavior 174 (9)
aggressiveness; and 3) abnormal behavior. The first  Hallucinations 135 (7)
category accounted for 70%; 24% of the patients in this ~ Other 583
I H W H{ H { -‘H‘ lp .o

14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82 84 86 88 90 92 94 96

Age

Figure 1. Frequency of occurrence based on the specific age of the participants.
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2% on routine urinalysis, 1% on complete blood count,
and 0% coagulation studies). Diagnosis aided by a brain
CT scan accounted for 82% (n=1 585), whereas abnormal
CT scans accounted for 45%. However, diagnosis of
the cause of AMS by CT alone accounted for only 15%
(237/1 585), and that by electroencephalogram (EEG)
alone accounted for 1% (n=18).

Etiological analysis of AMS
The causes of 1 831 AMS patients were confirmed.

However, 5.3% of all patients remained undiagnosed.
Neurological causes (stroke, head trauma, or mass lesion)
accounted for 35.0% (n=641), whereas 65.0% originated
from non-neurological factors (n=1 190). Table 2 shows
the causative composition of AMS according to the age
group. For the elderly group, the top three causes of
AMS were cerebrovascular disease (36.2%), system and
organ dysfunction (19.4%), and infection (10.4%). For
the middle-aged and young groups, the top three causes
were drugs or toxic factors (34.9%), system and organ

Table 2. Etiologic factors of AMS in different age groups (n=1 831)

dysfunction (11.1%), and metabolic/endocrine factors
(9.0%). Both age groups had a significant difference in
the constituted etiology (P<0.001).

Emergency intervention and clinical outcomes
Among the 1 934 AMS patients in the emergency

department, 4.9% (n=94) were assessed by triage
as level 1 and admitted to the critical care unit. The
average length of the hospital stay was 3.8 days, during
which 11% of the patients needed medication to restrict
movement and 23% required physical limitations.
About 28% (n=540) of the patients were treated in the
emergency room and subsequently discharged, 2%
(n=39) were voluntarily discharged (left against medical
advice), 17% (n=329) were admitted to the emergency
ward, 26% were admitted to the ICU or EICU (average
length of stay in ICU was 10.8 days, n=503), 20%
(n=385) admitted to the relevant inpatient clinic, and 7%
referred to other hospital (n=138).

During the study, 144 AMS patients (7.4%) were

1 1 1 0,
Etiologic factors Number of patients (%) gfzgzz:guggél y’; a(l r/s") Elderly 260 yoars i P value
Neurological causes 641 (35.0) 268 (24.9) 373 (49.3) 115.42 <0.001
Cerebrovascular disease 354 (19.3) 80 (7.5) 274 (36.2) 236.93 <0.001
Traumatic brain injury 133 (7.3) 84 (7.8) 49 (6.5) 1.20 0.274
Viral encephalitis 73 (4.0) 55(5.1) 18 (2.4) 8.73 0.003
Seizures/epilepticus status 65 (3.5) 40 (3.7) 25(3.3) 0.23 0.631
Intracranial tumors 16 (0.87) 9(0.8) 7(0.9) 0.04 0.844
Non-neurological causes 1 190 (65.0) 806 (75.1) 384 (50.7) 115.42 <0.001
Pharmacologic & toxicologic® 421 (23.0) 375 (34.9) 46 (6.1) 208.58 <0.001
Acute alcohol intoxication 310 (16.9) 303 (28.2) 7(0.9) 235.09 <0.001
Other factors 111 (6.1) 72 (6.7) 39(5.2) 1.88 0.171
Systemic and organic dysfunction 266 (14.5) 119 (11.1) 147 (19.4) 24.87 <0.001
Lung 101 (5.5) 29 (2.7) 72 (9.5) 39.52 <0.001
Cardiovascular 79 4.3) 41 (3.8) 38(5.1) 1.56 0.212
Blood / immune 36 (2.0) 23 (2.1) 13 (1.7) 0.42 0.520
Kidney 31(L.7) 13 (1.2) 18 (2.4) 3.64 0.057
Liver and gastrointestinal tract 19 (1.0) 11 (1.0) 8(1.1) 0.01 0.946
Infectious factors™ 167 (9.1) 88(8.2) 79 (10.4) 2.69 0.101
Metabolic / endocrine factors 145 (7.9) 97 (9.0) 48 (6.3) 4.41 0.036
Psychiatric problems 71(3.9) 39 (3.6) 32 (4.2) 0.42 0.515
Multiple trauma 38(2.1) 23 (2.1) 15 (2.0) 0.06 0.813
Gynecologic and obstetric 35(1.9) 32 (3.0) 3(0.4) 15.8 <0.001
John Doe syndrome™** 47 (2.6) 33(3.1) 14 (1.8) 2.66 0.103
Adrenal insufficiency 13 (0.7) 9(0.8) 4(0.5) 0.60 0.437
Limbic encephalitis 6(0.3) 5(0.5) 1(0.1)
Koyanagi-Harada syndrome 3(0.2) 3(0.3) 0 — —
Anti-NMDA receptor encephalitis 1(0.1) 1(0.1) 0 — —_—
Other 24 (1.4) 15(1.4) 9(1.2) 0.15 0.700
Total 1831 1074 757

*: including drug or alcohol withdrawal; **: systemic infection, cerebral malaria, Legionella pneumonia, etc, but exclude viral encephalitis;

AAA,

: John Doe, syndrome'; they are still unclear patients by the full emergency assessment, diagnosis and prognosis.
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treated with tracheal intubation and 156 patients died
(including some patients who voluntarily discharged
because of very poor prognosis). The mortality rate
was 8.1%, and 74% (n=116) of the patients died in the
emergency department and 26% (n=40) died in the
wards. Within the same period, the total death rate in the
ED critical care unit was 8.9% (477/5 360). The main
causes of death were system and organ failure (n=49),
cerebrovascular disease (n=42), and trauma (n=34). The
numbers of fatal patients were 82 in the elderly group
and 74 in the non-elderly group. The mortality rate of the
elderly group was significantly higher than that of the
non-elderly group (10.8% vs. 6.9%, P=0.003).

DISCUSSION
Demographic data
AMS may be found in 4%—-10% of ED patients, this

proportion may be higher in special subgroups (such as
in the elderly patients).”” However, in our study, AMS
patients only represented 0.93% of total emergency
patients and 2.38% in the elderly-patient subgroup
(797/33, 490). This was significantly lower than previous
data that may be related to the following reasons: 1) the
current exclusion criteria were more stringent than those
of the previous study; and 2) part of intellectually disabled
patients (detected by mini mental score examination,
MMSE) had not been recruited in our study because
MMSE is not commonly used in the emergency setting.

Our data showed that age distribution of AMS
patients had two peak segments (the first peak was for
patients aged 33 years, and the second peak was for
those aged 72 years) as a result of the distinct etiology
of AMS among the two age groups. Subsequent analysis
revealed that the causative disease of AMS in the elderly
group differed from that in the non-elderly group, i.e.,
metabolic diseases, trauma, and poisoning were often
found in young people, whereas cerebral vascular
disease, and organ/system failure were frequently seen in
the elderly. In acute AMS, this pattern of age distribution
was similar to Kanich and his colleague's research."”

Emergency assessment
The emergency assessment of AMS is very difficult

because of incomplete and inaccurate disease histories
provided by the patient. Emergency physicians focused
on the acute physical diseases and past history often
ignore details of acute mental changes in patients. Data
from one single-center study showed that misdiagnosis
of AMS patients was as high as 75% in delirium patients

www.wjem.org

of more than 65 years old."™ In a report,”! 4% of the
patients admitted to the psychiatric ward were forcibly
transferred because of urgent medical rescue, suggesting
that the assessment capacity of emergency physicians
with regard to AMS should be strengthened.

A study"” showed that the medical history and
physical examination are more important than laboratory
testing and imaging in the diagnostic evaluation of
AMS. Physical examination also helps determine the
development of the condition. The medical history,
physical examination, past history, and treatment
responses of patients are important in assessing the
causes of AMS. Our data indicated that the use of the
four basic tools could provide 60% of emergency AMS
patients with a clear diagnosis of its cause. CT can reveal
several intracranial space-occupying diseases, intracranial
bleeding, and structural brain damage. However, more
patients with AMS exhibited negative CT results.

In the present study, the CT diagnosis rate for
AMS etiology was only 15%. An over reliance on
CT scan probably lead to serious negative impacts
on the assessment and treatment of non-neurological
causes involved in the pathogenicity of AMS, such as
hypoglycemia. However, researchers argued that the
value of CT-head should not be underestimated, even
when the CT-head report was negative, because the
AMS patients with acute poisoning CT scan can help to
elucidate whether or not combined with brain injury.""!
In our study, CT-head exhibited the highest negative rate
in terms of AMS diagnosis, suggesting that emergency
physicians no longer wait for the results of CT that may
lead to delayed assessment and treatment.

The value of EEG in the assessment of the causes of
emergency AMS is not certain. In our study, the application
rate of EEG in the AMS patients was 1%, which was
much lower than that reported previously."” A study'"”’
showed that the cerebrospinal fluid analysis of acute AMS
in the elderly had a positive rate of 24% (10/42) for febrile
and 18% (15/84) for afebrile patients. AMS assessment
remains highly challenging among emergency physicians
in terms of combining the four basic assessment tools
and reasonably choosing methods of imaging, blood
biochemistry, cerebrospinal fluid, and EEG assessment
for the diagnosis of AMS. Thus, further related
explorations are necessary.

Etiology of AMS
The variety of pathogenic factors that cause several

clinical manifestations of AMS results in significantly
different clinical treatment. Therefore, determining
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the cause of AMS is very important. Currently, most
emergency medicine literature focuses on the AMS
subgroup such as comatose patients, whose coma state
may have triggered AMS. Generally, the etiology of
emergency AMS is categorized into two factors: primary
nervous system and non-neurological factors.”) A recent
study!* considered neurological events to be the most
important factors that cause AMS, and account for about
28% of AMS patients.

In our study the AMS proportion caused by primary
nervous system factors was 35%, almost 50% in the
elderly people. Despite the events in the nervous system
as the most common reason for acute AMS, more than
half of the AMS patients were caused by non-nervous
system factors. We also found that in the elderly group,
the top three causes of AMS were cerebrovascular
disease, systemic and organic failure, and infection. In
the non-elderly group, the top three causes were drugs
and toxic factors, systemic and organic failure, and
metabolic and endocrine disorders.

The non-neurological causes of AMS in the
emergency department included drugs and substance
intoxication, infection, metabolic endocrine
abnormalities, trauma, cancer, and system/organ
dysfunction."” Among these causes, acute alcoholism
was considered to be the main factor out of AMS
neurological causes. In our study, drugs and toxic
factors (alcoholic and non-alcoholic factors) accounted
for 23%; in the non-elderly group, it was as high as
34.9%. Besides, system and organ dysfunction was a
significant cause of acute AMS. Primarily, the lungs
and cardiovascular system accounted for 9.8% of the
AMS patients. Thus, organ failure in AMS patients is an
important factor and potentially fatal.

Trauma and infection are two important factors that
cause acute AMS. Yagmur et al''” reported trauma as the
second largest cause of emergency AMS and that trauma
accounts for 39% of all AMS deaths, primarily head
trauma. However, the etiology of AMS is not consistent
in all countries and regions. Infection is thought to be the
most common factor of non-traumatic AMS, and cerebral
malaria is the primary cause of AMS in Ethiopia and
Zambia.'" Therefore, several uncommon factors known
to cause AMS should be considered, such as acute fatty
liver of pregnancy, environment-related diseases, and
adrenal insufficiency because of the potentially fatal and
reversible damage inflicted by AMS.

Emergency treatment
Acute AMS is potentially life-threatening.") AMS

should be considered in the comprehensive treatment of
ED conditions and serve as an admission criterion. In the
ESI triage tool (4th editor), Acute AMS is usually divided
into level 1 (no response; the most dangerous level) or
level 2 (lethargy, mental confusion, disorientation).” In
our study, only 4.9% of AMS patients triaged as level 1
were sent to the ED critical care unit. However, the actual
case fatality rate of AMS was as high as 8.1%, close to
the ED critical care unit mortality of 8.9% within the
same period, which indicated that emergency physicians
lack sufficient knowledge on the seriousness of AMS.
At the onset of symptoms of acute AMS, these patients,
especially elderly patients should be immediately treated,
closely monitored, and rapidly assessed, Algorithm (Figure
2) shows the clinical intervention strategy of AMS patients
based on the constituted cause, risk factor, necessary
interventions.

The cause of AMS in patients cannot be clearly
detected from its initial onset in the ED. Some
patients diagnosed in the ward as having the John Doe
syndrome,"! such as adrenal insufficiency, limbic
encephalitis, and anti-NMDA receptor encephalitis,
which often correspond to high fatality rates and risks of
disability. Interestingly, glucocorticoid action is usually
rapid and effective in these diseases. A newly published
article reported that anti-NMDA receptor encephalitis
due to ovarian teratoma should make clinicians to take
the disease seriously.!"” Patients can be cured after
teratoma removal. However, with untime diagnosis,
the disease often progress to muscle weakness and
respiratory failure, which are ultimately life-threatening.
Therefore, full emergency assessment and immediate
life-saving interventions remain a challenge for
emergency physicians.

Limitations
Firstly, emergency physicians lack adequate

understanding of AMS because of its complex clinical
features, which results in some missed AMS patients,
particularly in elderly patients with chronic cognitive
impairment. Secondly, this study was only a single-
center investigation. Our data may not represent the same
situation encountered in other emergency departments.
Thus, emergency physicians need to be cautious in the
application and interpretation of results. Thirdly, we
failed to fully capture all assessment factors that place
patients at risk of death (such as C-reactive protein, lactic
acid, etc.) because we underrated the risk of this acute
condition. Therefore, further research is needed to assess
the risk of death of AMS patients.
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Figure 2. Algorithm for AMS patient assessment and treatment in ED.

In conclusion, a systematic analysis of acute AMS
patients reveals that the common causes of AMS are
primary neurological factors, drug and poisoning,
system/organ dysfunction, and metabolic and endocrine
factors. The etiology of AMS is significantly different
in various age groups. The reversibility of diseases and
the potentially fatal factors associated with AMS require
timely assessment and rapid intervention for the potential
causes and conditions of the disease.
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