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Abstract

Objective

Altered mental status (AMS) is one of the most common symptoms in the febrile elderly.

Brain imaging tests are an important tool for diagnosing AMS patients. However, these may

be prescribed unnecessarily in emergency departments, particularly for febrile patients with

AMS for whom infection is suspected, leading to excessive radiation risk and cost. In this

study, we investigated the factors that can predict clinically significant abnormal brain imag-

ing (ABI) in the febrile elderly with AMS.

Methods

This retrospective multicenter study was conducted from July 2016 to June 2019. Febrile

patients over the age of 65 years with AMS who visited the emergency department of two

tertiary university hospitals were enrolled. Medical records were reviewed, and laboratory

results were obtained. Brain imaging results with a formal reading by a radiologist were

obtained.

Results

In all, 285 patients were enrolled, and 47 (16.49%) showed ABI. The most common diagno-

ses in patients admitted to the emergency department were intracranial hemorrhage and

ischemic stroke for ABI, and pneumonia and urinary tract infection for non-ABI. In multivari-

ate logistic regression analyses, higher systolic blood pressure (odds ratio [OR], 1.017; 95%

confidence interval [CI], 1.006–1.028), lower body temperature (OR, 0.578; 95% CI, 0.375–

0.892), the presence of lateralizing sign (OR, 45.676; 95% CI, 5.015–416.025), and lower

Glasgow Coma Scale (OR, 0.718; 95% CI, 0.617–0.837) were significantly associated with

ABI.
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Conclusion

Lower Glasgow Coma Scale, the presence of lateralizing sign, higher systolic blood pres-

sure, and lower body temperature are significantly associated with ABI in febrile elderly

patients with AMS.

Introduction

The number of elderly people in the United States has rapidly increased from 25.5 million in

1980 to 49.2 million in 2016 [1]. As the proportion of the elderly population has increased, the

medical utilization rate has also increased. In the United States, elderly patients using the

emergency room increased from 12.4% in 2006 to 16% in 2016 [2]. In addition, the hospitaliza-

tion rate of elderly patients is more than three times higher than that of non-elderly patients,

and the hospitalization rate in intensive care units is five times higher [3, 4].

Altered mental status (AMS) is a common symptom in elderly patients, and the main

causes are neurological (36.5%) and infectious (39.5%) [5]. Unlike non-elderly patients, elderly

patients often experience decreased consciousness due to fever caused by viral or bacterial

infections [5, 6]. Brain imaging is very helpful for identifying decreased consciousness due to

neurological causes, such as cerebral infarction, but it is not useful when this is caused by infec-

tion [7, 8]. Therefore, it is not cost effective to perform brain imaging in all patients with AMS

[9]. Still, most febrile elderly patients with AMS who have suspected infection have had unnec-

essary brain imaging tests. In addition, it may be risky for a patient with decreased conscious-

ness to leave the emergency department for brain imaging and move to a radiology

department [10].

Therefore, we studied the clinical factors that can predict abnormal brain imaging (ABI) in

febrile elderly patients (over the age of 65 years) with AMS.

Materials and methods

Study population

This retrospective study was conducted on patients who visited the emergency center of two

tertiary hospitals in Korea for three years from July 2016 to June 2019. Febrile patients over the

age of 65 years who showed AMS were enrolled. Fever was defined as a case where the patient’s

body temperature (BT) was 38 degrees or more at the time of visit hospital or at home. AMS

was defined as a state of Glasgow Coma Scale (GCS) of 14 or less, or new onset of altered con-

sciousness such as drowsiness, behavior change, unresponsiveness, disorientation or confusion

[9]. The patients who did not take a brain imaging study, such as brain computed tomography

(CT) or brain magnetic resonance imaging (MRI) were excluded. Also, patients with history of

head trauma, insufficient medical records and discharged against medical advice were

excluded (Fig 1).

Data collection

Medical records were reviewed for information on illness, examinations, vital signs, medica-

tions, and other data; we also obtained laboratory results including white blood cell count and

levels of C-reactive protein, procalcitonin, and other parameters.

The onset of AMS was classified into acute (less than 24 h), subacute (1–7 days), and

chronic (>7 days) [9]. Witnessed is defined as AMS that is seen or heard by another people
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when it happened [11]. All patients received physical and neurological examinations, con-

ducted by a senior resident or emergency medicine specialist. Brain imaging was interpreted

by a radiology specialist. All patient’s medical records and results were reviewed by two emer-

gency physicians, who had more than 10-years of clinical experience. If imaging results were

associated with decreased consciousness, the case was defined as being clinically significant

ABI. Otherwise, it was considered non-clinically significant ABI (NABI); chronic ischemic

change, brain atrophy, and cerebromalacia were classified as NABI.

Statistical analyses

Continuous variables were confirmed using the Shapiro–Wilk test and a histogram and ana-

lyzed using the Student’s t-test and the Mann–Whitney U-test. Categorical variables were ana-

lyzed using the chi-square test or Fisher’s exact test. The odds ratio (OR) and 95% confidence

interval (CI) were calculated using a multivariate logistic model. A multivariate logistic regres-

sion model was created using the results of univariate analyses. In the multivariate logistic

regression model, lateralizing sign, GCS, systolic blood pressure (SBP), and BT were used. The

area under the receiver operating characteristic curve of the multivariable logistic regression

model was 0.8122 (CI, 0.744–0.88). In addition, a nomogram was constructed with those four

model variables to predict the probability of ABI through scoring. Statistical analyses were per-

formed using the IBM SPSS Statistics ver. 26.0 software (IBM Corp., Armonk, NY, USA) and

R ver. 3.5.3 software (R Foundation for Statistical Computing, Vienna, Austria).

Ethics approval

The study protocol was approved by the Institutional Review Board of Soonchunhyang Uni-

versity Bucheon Hospital (IRB No. 2020-03-023). The study was conducted in accordance

with the provisions of the Declaration of Helsinki.

Results

In all, 6733 patients who visited the emergency center with fever were aged 65 years or older.

Among them, 521 patients had decreased consciousness, and of these, 325 had brain imaging

results. A total of 285 patients were included in the final analyses, having excluded those with a

Fig 1. Study population.

https://doi.org/10.1371/journal.pone.0236763.g001
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history of head trauma or whose medical records did not include sufficient information about

the final diagnosis or treatment (Fig 1).

The general characteristics of the patients are shown in Table 1. The average age of the

patients was 78 years and male were 137 (48.07%). Patients of ABI were 47 (16.49%).

Statistical comparisons of the ABI and NABI groups are shown in Table 2. There were no

significant differences between the two groups in age or sex. GCS, BT, and SBP were 8 (7–11),

38.3˚C (37.8–38.6), and 130 (110–158) in the ABI group and 11 (9–13), 38.5˚C (38–39.3), and

120 mmHg (100–140) in the NABI group. Overall, 8 (17.02%) patients in the ABI group and 1

(0.42%) in the NABI group had a lateralizing sign.

The final diagnoses for each group are shown in Table 3. The most common diagnose were

brain hemorrhage (42.55%) and ischemic stroke (38.3%) in the ABI group and pneumonia

(42.86%) and urinary tract infection (UTI; 19.75%) in the NABI group.

The results of the univariate and multivariate logistic regression analyses are shown in

Table 4. Higher SBP, lower BT, the presence of lateralizing sign, and lower GCS were signifi-

cantly associated with ABI.

A nomogram was constructed to predict the probability of ABI, as shown in Fig 2, using

these four significant variables (SBP, BT, lateralizing sign, and GCS) as factors. On the

nomogram, lateralizing sign is the most effective factor for prediction of ABI, followed by

GCS, BT, and SBP. Each individual predictor matches a score on the point scale axis from 0

to 100, and ABI can be predicted by summing the scores of the individual factors; the total

points indicate a probability. A calibration plot for this nomogram, showing the relation-

ship between the predicted probability according to the nomogram and the calculated prob-

ability, is shown in Fig 3.

Table 1. General characteristics of subjects.

Total (n = 285)

Age, years 78 ± 7.21

GCS 10 (8, 12)

Male, n (%) 137 (48.07)

Underlying conditions, n (%)

HTN 168 (58.95)

DM 119 (41.75)

Malignancy 36 (12.63)

CKD 16 (5.61)

Dementia 81 (28.42)

CVA 75 (26.32)

Onset of altered mental status, n (%)

Acute 232 (81.40)

Subacute 42 (14.74)

Chronic 11 (3.86)

Witnessed, n (%) 141 (49.82)

History of, n (%)

Anticoagulant use 18 (6.32)

Antiplatelet use 69 (24.21)

ABI, n (%) 47 (16.49)

GCS: Glasgow Coma Scale, HTN: hypertension, DM: diabetes mellitus, CKD: chronic kidney disease, CVA:

cerebrovascular accident, ABI: clinically significant abnormal brain imaging.

https://doi.org/10.1371/journal.pone.0236763.t001
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Discussion

For patients with AMS, brain imaging tests are an important diagnostic tool. However, elderly

patients tend to show AMS when they have an infection or inflammation compared to non-

Table 2. Comparison of clinical characteristics.

Characteristics ABI (n = 47) NABI (n = 238) p-value

Age, years 77 (69–83) 78 (74–83) 0.125

Male, n (%) 21 (44.68%) 116 (48.74%) 0.727

GCS 8 (7–11) 11 (9–13) < 0.001

Vital signs

SBP, mmHg 130 (110–158) 120 (100–140) 0.015

DBP, mmHg 80 (70–90) 80 (60–90) 0.112

Heart rate, /min 92 (82–110) 100 (89–110) 0.255

Respiratory rate, /min 20 (20–24) 22 (20–25) 0.045

Body temperature, ˚C 38.3 (37.8–38.6) 38.5 (38–39.3) 0.003

Onset of alerted mental status, n (%) 0.174

Acute 34 (72.34) 198 (83.19)

Subacute 10 (21.28) 32 (13.45)

Chronic 3 (6.38) 8 (3.36)

Witnessed, n (%) 18 (38.3) 123 (52.12) 0.116

History of, n (%)

Anticoagulant use 4 (8.51) 14 (5.88) 0.511

Antiplatelet use 9 (19.15) 60 (25.21) 0.484

Underlying conditions, n (%)

HTN 26 (55.32) 142 (59.66) 0.696

DM 20 (42.55) 99 (41.6) >0.99

Malignancy 10 (21.28) 26 (10.92) 0.087

CKD 2 (4.26) 14 (5.88) >0.99

Dementia 12 (25.53) 69 (28.99) 0.761

CVA 9 (19.15) 66 (27.73) 0.299

Lateralizing sign, n (%) 8 (17.02) 1 (0.42) < 0.001

Laboratory test

WBC, 103/μL 13.41 (10.93–15.5) 10.98 (7.21–15.36) 0.047

CRP, mg/L 4.19 (0.61–14.61) 7.12 (2.64–14.8) 0.056

Procalcitonin, ng/mL 0.5 (0.45–0.98) 1.1 (0.5–6.55) 0.048

Ammonia, μg/dL 43 (31.75–57.75) 43 (35–58.25) 0.532

Glucose, mg/dL 161 (139.5–190) 156.5 (118.25–219.5) 0.246

BUN, mg/dL 21.6 (15.3–30) 24.15 (17.02–38) 0.092

Creatinine, mg/dL 1 (0.84–1.47) 1.3 (0.9–1.9) 0.035

AST, IU/L 32 (24.5–48) 30 (20–53.75) 0.308

ALT, IU/L 17 (12.5–26.5) 19 (11–33.75) 0.924

CK, IU/L 157 (80–366) 94.5 (45.25–233) 0.025

Lactate, mmol/L 4.8 (2.45–14.72) 9.35 (7.41–7.5) 0.219

ABI: clinically significant abnormal brain imaging, NABI: either normal or non-clinically significant abnormal brain

imaging, GCS: Glasgow coma scale, SBP: systolic blood pressure, DBP: diastolic blood pressure, HTN: hypertension,

DM: diabetic mellitus, CKD: chronic kidney disease, CVA: cerebrovascular accident, WBC: white blood cell, CRP: C-

reactive protein, BUN: blood urea nitrogen, AST: aspartate aminotransferase, ALT: alanine aminotransferase, CK:

creatine kinase.

https://doi.org/10.1371/journal.pone.0236763.t002
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elderly patients. It is thus challenging to identify the need for a brain imaging test when a

febrile elderly patient, for whom infection is suspected, shows AMS. In this study, we identified

four factors that predict ABI in such patients: higher SBP, lower BT, the presence of lateralizing

sign, and lower GCS.

Studies have reported conflicting results in terms of abnormal CT findings and AMS in the

elderly [12, 13]. In our study, 16.49% of patients had ABI, similar to one previous study [13].

The slight difference could be attributed to differences in enrollment criteria: we included

febrile patients down to a slightly lower age (65 years) and also included MRI for detecting

ABI. Another study reported that hemorrhage, infarction, and tumor were the most common

final diagnoses [14]. Our results are in agreement with that study. In another study that ana-

lyzed patients aged over 65 who came to a hospital due to consciousness change, the most

common cause was infection (39.5%), and pneumonia and UTI were the two most common

diagnoses in this group [5]. We found similar results, with pneumonia and UTI as the two

most common diagnoses in the NABI group. Therefore, in febrile elderly patients with AMS, it

is necessary to check not only brain lesions but also diseases caused by infections.

To address AMS, it is very important to differentiate the pathologic problems of the brain

in elderly patients who come to a hospital. Brain imaging tests are widely used diagnostic

methods for patients who experience mental changes [15]. However, their use raises radiation

risk and patient cost [14, 16]. In one study, the utilization rate of brain CT increased by 60%

over a 7-year period while the number of brain hemorrhage diagnosed stayed constant around

approximately 3% [10].

Therefore, it is important to find appropriate clinical factors to identify AMS patients who

truly need brain tests. Lim et al. [17] presented seven clinical predictors (age, drowsiness or

unresponsiveness, previous cerebrovascular accident or epilepsy, tachycardia, bradycardia,

and exposure to drugs) of abnormal CT findings in patients with AMS. Shin et al. [14] con-

cluded that a focal neurological deficit or a GCS < 9 and C-reactive protein < 2 mg/dL are

Table 3. Final consensus diagnoses of altered mental status in febrile elderly patients.

Final diagnosis

ABI, n (%)

Brain hemorrhage 20 (42.55)

Ischemic stroke 18 (38.3)

Malignancy 6 (12.77)

Others 3 (6.38)

NABI, n (%)

Pneumonia 102 (42.86)

Urinary tract infection 47 (19.75)

Metabolic encephalopathy 21 (8.82)

Biliary tract infection 11 (4.62)

Enterocolitis 7 (2.94)

Influenza virus infection 6 (2.52)

Liver abscess 4 (1.68)

Heat stroke 4 (1.68)

CNS infection 3 (1.26)

Others 33 (13.87)

ABI: clinically significant abnormal brain imaging, NABI: either normal or non-clinically significant abnormal brain

imaging, CNS: central nervous system.

https://doi.org/10.1371/journal.pone.0236763.t003
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closely related to abnormal findings in brain CT. In line with that study, we found that a later-

alizing sign and GCS were predictive factors. In addition, SBP was a factor; indeed, high blood

pressure is a risk factor for spontaneous intracranial hemorrhage, and uncontrolled

Table 4. Adjusted odds ratio of exploratory variables associated with clinically significant abnormal brain imaging following univariate and multivariate logistic

regression.

Variables Univariate Multivariate

Odds ratio (95% CI) p-value Odds ratio (95% CI) p-value

RR, /min 0.932 (0.866–1.003) 0.061

WBC, 103/μL 1.010 (0.981–1.041) 0.494

Procalcitonin, ng/mL 0.959 (0.906–1.016) 0.156

Creatinine, mg/dL 0.719 (0.498–1.040) 0.079

CK, IU/L 1.000 (0.999–1.000) 0.936

Lactate, mmol/L 0.988 (0.966–1.010) 0.271

SBP, mmHg 1.013 (1.003–1.023) 0.008 1.017 (1.006–1.028) 0.002

BT, ˚C 0.592 (0.415–0.846) 0.004 0.578 (0.375–0.892) 0.013

Lateralizing sign 48.615 (5.916–3999.476) <0.001 45.676 (5.015–416.025) 0.001

GCS 0.719 (0.627–0.824) <0.001 0.718 (0.617–0.837) <0.001

ABI: clinically significant abnormal brain imaging, CI: confidence interval, RR: respiratory rate, WBC: white blood cell, CK: creatine kinase, SBP: systolic blood

pressure, BT: body temperature, GCS: Glasgow Coma Scale.

https://doi.org/10.1371/journal.pone.0236763.t004

Fig 2. Nomogram for abnormalities in brain imaging.

https://doi.org/10.1371/journal.pone.0236763.g002
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hypertension can cause recurrence or re-bleeding [18, 19]. Finally, BT was also a predictive

factor; indeed, high BT in an elderly person suggests that there is a serious viral or bacterial

infection [20].

In the nomogram created to help decision-making (Fig 2), it can be seen that lateralizing

sign occupies the most effective factor to predict ABI. Each factor is scored, and the probability

is indicated, thus providing a meaningful decision-making tool for predicting brain anomalies

and whether to proceed with examination by a clinician. These clinical findings can be an

important measure for judging whether a test should be performed on an unconscious elderly

patient with fever in a hospital. However, to generalize this, external validation is required.

There were several limitations to this study. First, because it was a retrospective study, selec-

tion bias may have occurred. Clinicians decide whether to perform brain imaging, and it may

not be performed based on a patient’s condition. In addition, research conducted at two hospi-

tals may differ in their protocols. Second, we could not assess any changes in the degree of con-

sciousness while patients were hospitalized; we considered only their initial consciousness at

the time of their visit. Third, we included the cases who had fever at home in the study popula-

tion [21, 22], but fever measured at home may not be reliable. Fourth, this study was con-

ducted at two tertiary university hospitals in a large city, and it is unclear whether similar

results would be obtained in other provinces or countries. Therefore, there is a limit to this

study’s generalizability, and there is a need for a prospective large-scale study.

Conclusions

In elderly people, not only intracranial lesions but also inflammation or infection can easily

result in AMS. Therefore, it is difficult to decide whether to conduct a brain test when a febrile

elderly patient with AMS comes to a hospital. In this study, lower GCS, the presence of lateral-

izing sign, higher SBP, and lower BT were factors that predicted ABI in such patients.

Fig 3. The calibration plot of nomogram.

https://doi.org/10.1371/journal.pone.0236763.g003

PLOS ONE Brain imaging for elderly with altered mental status

PLOS ONE | https://doi.org/10.1371/journal.pone.0236763 July 30, 2020 8 / 10

https://doi.org/10.1371/journal.pone.0236763.g003
https://doi.org/10.1371/journal.pone.0236763


Supporting information

S1 File. The datasets for statistical analysis.

(XLSX)

Author Contributions

Conceptualization: Hyun Na, Sangsoo Han.

Data curation: Sungwoo Choi, Hyun Na, Sangun Nah.

Funding acquisition: Sangsoo Han.

Methodology: Sungwoo Choi, Hayeong Kang.

Project administration: Sangsoo Han.

Resources: Sangsoo Han.

Supervision: Sangsoo Han.

Writing – original draft: Sungwoo Choi.

References
1. Administration on Aging. 2017 profile of older Americans. US Department of Health and Human Ser-

vices Washington, DC; 2018.

2. National Center for Health Statistics. National Hospital Ambulatory Medical Care Survey: 2016 emer-

gency department summary tables. 2016.

3. Baum SA, Rubenstein LZ. Old people in the emergency room: Age-related differences in emergency

department use and care. J Am Geriatr Soc. 1987; 35(5):398–404. https://doi.org/10.1111/j.1532-5415.

1987.tb04660.x PMID: 3571788

4. Strange GR, Chen EH, Sanders AB. Use of emergency departments by elderly patients: Projections

from a multicenter data base. Ann Emerg Med. 1992; 21(7):819–24. https://doi.org/10.1016/s0196-

0644(05)81028-5 PMID: 1610039

5. Aslaner MA, Boz M, Celik A, Ahmedali A, Eroglu S, Metin Aksu N, et al. Etiologies and delirium rates of

elderly ED patients with acutely altered mental status: A multicenter prospective study. Am J Emerg

Med. 2017; 35(1):71–6. https://doi.org/10.1016/j.ajem.2016.10.004 PMID: 27765479

6. Meyers BR, Sherman E, Mendelson MH, Velasquez G, Srulevitch-Chin E, Hubbard M, et al. Blood-

stream infections in the elderly. Am J Med. 1989; 86(4):379–84. https://doi.org/10.1016/0002-9343(89)

90333-1 PMID: 2929625

7. Han JH, Wilber ST. Altered mental status in older patients in the emergency department. Clin Geriatr

Med. 2013; 29(1):101–36. https://doi.org/10.1016/j.cger.2012.09.005 PMID: 23177603

8. Kanich W, Brady WJ, Huff JS, Perron AD, Holstege C, Lindbeck G, et al. Altered mental status: Evalua-

tion and etiology in the ED. Am J Emerg Med. 2002; 20(7):613–7. https://doi.org/10.1053/ajem.2002.

35464 PMID: 12442240

9. Leong LB, Wei Jian KH, Vasu A, Seow E. Identifying risk factors for an abnormal computed tomographic

scan of the head among patients with altered mental status in the Emergency Department. Eur J Emerg

Med. 2010; 17(4):219–23. https://doi.org/10.1097/MEJ.0b013e328331dde5 PMID: 19773662

10. Lee J, Evans ABI, Singh N, Kirschner J, Runde D, Newman D, et al. Head computed tomography utiliza-

tion and intracranial hemorrhage rates. Emerg Radiol. 2013; 20(3):219–23. https://doi.org/10.1007/

s10140-012-1098-0 PMID: 23250570

11. Jacobs I, Nadkarni V, Bahr J, Berg RA, Billi JE, Bossaert L, et al. Cardiac arrest and cardiopulmonary

resuscitation outcome reports: update and simplification of the Utstein templates for resuscitation regis-

tries: a statement for healthcare professionals from a task force of the International Liaison Committee

on Resuscitation (American Heart Association, European Resuscitation Council, Australian Resuscita-

tion Council, New Zealand Resuscitation Council, Heart and Stroke Foundation of Canada, InterAmeri-

can Heart Foundation, Resuscitation Councils of Southern Africa). Circulation. 2004; 110(21):3385–97.

https://doi.org/10.1161/01.CIR.0000147236.85306.15 PMID: 15557386

PLOS ONE Brain imaging for elderly with altered mental status

PLOS ONE | https://doi.org/10.1371/journal.pone.0236763 July 30, 2020 9 / 10

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0236763.s001
https://doi.org/10.1111/j.1532-5415.1987.tb04660.x
https://doi.org/10.1111/j.1532-5415.1987.tb04660.x
http://www.ncbi.nlm.nih.gov/pubmed/3571788
https://doi.org/10.1016/s0196-0644(05)81028-5
https://doi.org/10.1016/s0196-0644(05)81028-5
http://www.ncbi.nlm.nih.gov/pubmed/1610039
https://doi.org/10.1016/j.ajem.2016.10.004
http://www.ncbi.nlm.nih.gov/pubmed/27765479
https://doi.org/10.1016/0002-9343(89)90333-1
https://doi.org/10.1016/0002-9343(89)90333-1
http://www.ncbi.nlm.nih.gov/pubmed/2929625
https://doi.org/10.1016/j.cger.2012.09.005
http://www.ncbi.nlm.nih.gov/pubmed/23177603
https://doi.org/10.1053/ajem.2002.35464
https://doi.org/10.1053/ajem.2002.35464
http://www.ncbi.nlm.nih.gov/pubmed/12442240
https://doi.org/10.1097/MEJ.0b013e328331dde5
http://www.ncbi.nlm.nih.gov/pubmed/19773662
https://doi.org/10.1007/s10140-012-1098-0
https://doi.org/10.1007/s10140-012-1098-0
http://www.ncbi.nlm.nih.gov/pubmed/23250570
https://doi.org/10.1161/01.CIR.0000147236.85306.15
http://www.ncbi.nlm.nih.gov/pubmed/15557386
https://doi.org/10.1371/journal.pone.0236763


12. Hardy JE, Brennan N. Computerized tomography of the brain for elderly patients presenting to the

emergency department with acute confusion. Emerg Med Australas. 2008; 20(5):420–4. https://doi.org/

10.1111/j.1742-6723.2008.01118.x PMID: 18973639

13. Naughton BJ, Moran M, Ghaly Y, Michalakes C. Computed tomography scanning and delirium in elder

patients. Acad Emerg Med. 1997; 4(12):1107–10. https://doi.org/10.1111/j.1553-2712.1997.tb03690.x

PMID: 9408423

14. Shin S, Lee HJ, Shin J, Lee S. Predictors of abnormal brain computed tomography findings in patients

with acute altered mental status in the emergency department. Clin Exp Emerg Med. 2018; 5(1):1–6.

https://doi.org/10.15441/ceem.16.163 PMID: 29618186

15. American College of Emergency Physicians. Clinical policy for the initial approach to patients presenting

with altered mental status. Ann Emerg Med. 1999; 33(2):251–81. https://doi.org/10.1016/s0196-0644

(99)70406-3 PMID: 14765552

16. Kelly AM. Are too many head CT scans ordered in emergency departments? Emerg Med. 2000; 12

(1):50–4.

17. Lim BL, Lim GH, Heng WJ, Seow E. Clinical predictors of abnormal computed tomography findings in

patients with altered mental status. Singapore Med J. 2009; 50(9):885–8. PMID: 19787177

18. Arakawa S, Saku Y, Ibayashi S, Nagao T, Fujishima M. Blood pressure control and recurrence of hyper-

tensive brain hemorrhage. Stroke. 1998; 29(9):1806–9. https://doi.org/10.1161/01.str.29.9.1806 PMID:

9731599

19. Brott T, Thalinger K, Hertzberg V. Hypertension as a risk factor for spontaneous intracerebral hemor-

rhage. Stroke. 1986; 17(6):1078–83. https://doi.org/10.1161/01.str.17.6.1078 PMID: 3810704

20. Norman D. C. Fever in the elderly. Clin Infect Dis. 2000; 31(1):148–51 https://doi.org/10.1086/313896

PMID: 10913413

21. Behrman R. E., Meyers B. R., Mendelson M. H., Sacks H. S., & Hirschman S. Z. Central nervous sys-

tem infections in the elderly. Arch Intern Med. 1989; 149(7), 1596–1599. PMID: 2568111

22. Ko H. F., Tsui S. S., Tse J. W., Kwong W. Y., Chan O. Y., & Wong G. C. Improving the emergency

department management of post-chemotherapy sepsis in haematological malignancy patients. Hong

Kong Med J. 2015; 21(1), 10–15. https://doi.org/10.12809/hkmj144280 PMID: 25306894

PLOS ONE Brain imaging for elderly with altered mental status

PLOS ONE | https://doi.org/10.1371/journal.pone.0236763 July 30, 2020 10 / 10

https://doi.org/10.1111/j.1742-6723.2008.01118.x
https://doi.org/10.1111/j.1742-6723.2008.01118.x
http://www.ncbi.nlm.nih.gov/pubmed/18973639
https://doi.org/10.1111/j.1553-2712.1997.tb03690.x
http://www.ncbi.nlm.nih.gov/pubmed/9408423
https://doi.org/10.15441/ceem.16.163
http://www.ncbi.nlm.nih.gov/pubmed/29618186
https://doi.org/10.1016/s0196-0644(99)70406-3
https://doi.org/10.1016/s0196-0644(99)70406-3
http://www.ncbi.nlm.nih.gov/pubmed/14765552
http://www.ncbi.nlm.nih.gov/pubmed/19787177
https://doi.org/10.1161/01.str.29.9.1806
http://www.ncbi.nlm.nih.gov/pubmed/9731599
https://doi.org/10.1161/01.str.17.6.1078
http://www.ncbi.nlm.nih.gov/pubmed/3810704
https://doi.org/10.1086/313896
http://www.ncbi.nlm.nih.gov/pubmed/10913413
http://www.ncbi.nlm.nih.gov/pubmed/2568111
https://doi.org/10.12809/hkmj144280
http://www.ncbi.nlm.nih.gov/pubmed/25306894
https://doi.org/10.1371/journal.pone.0236763

