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Geriatric medicine is a relatively new 
specialty, recognized over the past two 
decades in response to the increasing 
healthcare needs of an aging population. 

Among the myriad health concerns that accompany 
advanced age, generalized weakness stands out 
as a common and often perplexing symptom.1,2 
The challenges posed by an aging population are 
complex and multifaceted, evolving over centuries 
and unlikely to diminish suddenly. Generalized 
weakness in geriatric patients is multifactorial, often 
involving several geriatric syndromes and various 
etiological factors such as comorbid conditions, 
poor physical health, malnutrition, anemia, 
electrolyte imbalances, drug-induced myasthenia, 
deconditioning , coexistent depression, acute/

chronic infections, urinary tract infections, chronic 
cerebrovascular diseases, and patient-specific issues 
such as immobilization, dehydration, and pain, 
even after excluding causes related to sarcopenia.1,3-5 
In the emergency department (ED), geriatric 
patients frequently present with a chief complaint 
of generalized weakness without a clear precipitant, 
which complicates diagnostic approaches. Prompt 
identification of the underlying cause is crucial, as 
failure to detect acute life-threatening disorders 
could prove fatal.

Chew and Birnbaumer's 1999 recommendations 
emphasize guiding the physical examination by the 
patient’s medical history and comorbidities, with 
sensitivity to geriatric issues, including social history.6 
The neurologic examination is crucial to determine 
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A B S T R AC T
Objectives: Computed tomography (CT) scans are commonly used to evaluate the brain 
in geriatric patients presenting to emergency department (ED). Our study retrospectively 
aimed to evaluate the effectiveness of CT scans in diagnosing generalized weakness in 
elderly patients.  Methods: Elderly patients (age ≥ 65 years) presenting to the ED with 
generalized weakness and either fatigue, dizziness, vertigo, fever, nausea, or vomiting 
between 1 January and 31 December 2022 were included from two prominent EDs 
in Muscat. Multiple variables were coded and systematically analyzed.  Results: Out of 
12 608 847 patients, 6.7% presented with generalized weakness and underwent a CT scan 
of the brain as part of their evaluation. The mean age was 76.0 ± 7.7 years, with males 
comprising 47.5% of the group. Presenting complaints to the ED were fever (57.0%), 
drowsiness (46.9%), and dizziness (30.0%). CT brain findings included acute ischemic 
changes (3.3%), subacute ischemic changes (7.8%), acute-on-chronic subdural hematoma 
or intracranial hematoma (3.4%), and new space-occupying lesions or abscesses (4.4%). 
Receiver operating characteristic curves assessed the diagnostic performance of CT 
imaging for various conditions: acute/subacute ischemic cerebrovascular accident (area 
under the curve (AUC) = 0.47, optimal threshold: 0.188), acute/acute on chronic 
subdural hematoma or intracranial hemorrhage (AUC = 0.41, optimal threshold: 0.122), 
significant new and/or acute CT findings overall (AUC = 0.45, optimal threshold: 
0.026), and newly detected space occupying lesions (AUC = 0.43, optimal threshold: 
0.144).  Conclusions: A CT scan is limited as a diagnostic tool for patients presenting 
with generalized weakness, particularly in diagnosing new or acute/subacute medical or 
surgical conditions of the brain.
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if symptoms are focal or non-focal. Diagnosing 
the underlying pathology for generalized weakness 
is complex, often requiring exhaustive evaluation 
through comprehensive history-taking, physical 
examinations, and laboratory and radiological 
investigations.6,7 Brain computed tomography (CT) 
scans are commonly performed to evaluate these 
patients for underlying pathologies. In the complex 
diagnostic process, CT brain imaging stands out for its 
clarity and accuracy. Although generalized weakness 
does not always indicate intracranial pathology, CT 
scans are essential for ruling out serious conditions 
such as acute/ subacute cerebrovascular accidents, 
or other space-occupying lesions (SOLs).8,9 CT brain 
imaging also aids in distinguishing between central 
and peripheral causes of generalized weakness. These 
conditions often present with vague symptoms like 
weakness, changes in mental state, or other atypical 
manifestations. The primary goal of performing 
CT brain scans in elderly patients with generalized 
weakness is to promptly identify urgent issues 
requiring immediate attention, such as acute/
subacute ischemic stroke or hemorrhagic stroke, 
which can manifest as weakness.8,9 Early detection 
is critical for initiating timely treatments such as 
thrombolysis (within 4.5 hr), antiplatelet drugs, 
surgery, or specialized neurological care, thereby 
reducing the risk of severe outcomes and improving 
patient health.

However, concerns about the  investigation's high 
cost, potential radiation hazard, and the allocation 
of hospital resources make its use controversial. Our 
study aimed to determine the role of CT scan in this 
age group and its significance. This study is one of 
the first from Oman involving the EDs of two large 
academic centers and will provide valuable insights 
to the global literature.

METHODS
This retrospective cross-sectional cohort study used 
patient data from two academic tertiary care hospitals 
in Muscat, Oman. Each ED within these hospitals 
holds platinum-level recognition and handles over 
10 000 geriatric patients annually, encompassing 
both medical and surgical cases. The facilities 
include 24-hour CT scaning and continuous on-site 
radiologist support for expert result interpretation.

 We sought to assess the diagnostic effectiveness 
of CT scans in elderly patients presenting with 

generalized weakness. Data were reviewed for 
elderly patients who underwent CT brain scans due 
to weakness over a one-year period (1 January – 31 

December 2022). Objectives included profiling 
clinical characteristics, vital signs, sensorium, and 
metabolic parameters to identify underlying causes. 
Additionally, the study examined ED disposition 
and subsequent hospital outcomes for these 
patients. Elderly patients (age ≥ 65 years) presenting 
to the ED with generalized weakness or related 
symptoms such as fatigue, dizziness, vertigo, fever, 
nausea, or vomiting were included. Individuals with 
recent trauma, acute stroke symptoms, or specific 
neurological conditions like migraines, or those 
known to have a space-occupying lesion in the brain 
or metastasis were excluded from the study. Medical 
charts lacking essential data were also excluded.

Calhoun et al,10 found a 3.2% prevalence of acute 
intracranial abnormalities on CT brain imaging in 
elderly patients with generalized weakness. To achieve 
a precision of 1.2% and a 95% CI, approximately 829 
patients were needed for the study. Clinical data, 
including age, sex, presenting complaints, vital signs, 
laboratory results, and radiological findings (e.g., 
chest radiographs), were entered into a standardized 
data collection sheet. The primary investigator 
supervised the process, and an interim analysis was 
conducted to minimize data entry errors.

Data were extracted from the hospital's electronic 
records and analyzed using IBM SPSS Statistics  
(IBM Corp. Release 2022. IBM SPSS Statistics 
for Windows, Version 29.0 Armonk, NY: IBM 
Corp.). Quantitative variables were summarized 
using mean and SD, while qualitative variables were 
reported as frequencies and percentages. Univariate 
and bivariate logistic regression analyses were 
conducted, with significance defined as p < 0.05. 
We plotted receiver operating characteristic (ROC) 
curves to assess the CT scan discriminatory power, 
specifically analyzing its ability to detect significant 
new or acute CT findings (e.g., acute or acute-on-
chronic subdural hematomas, acute or subacute 
ischemic cerebrovascular accidents, and newly  
detected SOLs).

The research proposal received ethical approval 
from the Medical Research and Ethics Committees 
of both institutes. Approval was granted by Sultan 
Qaboos Medical University (REF. NO. SQU-
EC/ 285\2023MREC # 3182 dated 3 December 
2023) and the Royal Hospital (Ref no: MoH/



Da r pa na r aya n  Ha zr a ,  et  a l .

CSR/23/27710 dated 9 January 2024). Ethical 
guidelines were adhered to, ensuring patient 
confidentiality through measures such as unique 
identity documentation and password-protected 
data entry restricted to authorized personnel.

R E S U LTS
The total number of elderly patients who visited the 
ED of the two hospitals was 12 608, only 847 (6.7%) 
out of 965 presented with generalized weakness and 
underwent a CT scan of the brain as part of their 
evaluation [Figure 1]. The mean age was 76.0 ± 7.7 
years, with males comprising 47.5% of the group. 
Common comorbidities included hypertension 
(71.4%), diabetes mellitus (52.5%), and dyslipidemia 
(38.4%), alongside prevalent conditions such as 
ischemic heart disease (35.1%), chronic kidney 
disease (20.3%), and cerebrovascular accident (7.7%)  
[Table 1]. Presenting complaints included fever 
(57.0%), drowsiness (46.9%), dizziness (30.0%), 
headache (24.0%), and other symptoms [Table 2]. 
Abnormal vital signs were noted in a significant 
number of cases, including tachycardia (21.2%), 
tachypnea (27.0%), and extremes of blood pressure 
readings. Radiological findings revealed acute 
ischemic changes (3.3%), subacute ischemic changes 
(7.8%), acute on chronic subdural hematoma or 
intracranial hematoma (3.4%), new SOLs or abscesses 

(4.4%), and other unspecified abnormalities (6.1%) 
[Table 3]. Laboratory results showed abnormal 
markers, including electrolyte imbalances and elevated 
inflammatory markers.

Table 1: Demographics and medical history of the 
study population, n = 847.

Variables Frequency
n (%)

Mean age, mean ± SD, years 76.0 ± 7.7
Sex, male 402 (47.5)
Comorbidities

Hypertension 605 (71.4)
Diabetes mellitus 445 (52.5)
Dyslipidemia 325 (38.4)
Ischemic heart disease 297 (35.1)
Chronic kidney disease 172 (20.3)
Cerebrovascular accident 65 (7.7)
Neurological disorders* 139 (16.4)
Reactive airway disease/smoker 71 (8.4)
Chronic liver disease 36 (4.3)
Solid or hematological malignancies 126 (14.9)
Others# 106 (12.5)
Use of antiplatelet(s) drugs 375 (44.3)
Use of oral anticoagulation 
medications

138 (16.3)

*including seizure disorder, Alzheimer’s disease, Parkinson’s disease, and 
dementia. #Arrhythmias, heart failure, valvular heart disease, obstructive sleep 
apnea, hypothyroidism, gastric reflux disease, osteoarthritis, benign prostatic 
hyperplasia, hypovitaminosis, anemia.

Total adult patients visiting two emergency departments (ED) in 2022: 71 803

Cumulative elderly patients (age ≥ 65): 12 608 (17.6%)

Total geriatric patients who had CT brain scans: 965 (7.7%)

Total number of patients included in the study: 847 (6.7%)

Discharged stable
281 (33.2%)

Admitted
541 (63.9%)

Left against advice
24 (2.8%)

Died in ED
1 (0.1%)

Left against advice
1 (0.2%)

Discharged stable
503 (93.0%)

Died in hospital
37 (6.8%)

Exclusion Criteria*
▪ Trauma / fall
▪ Symptoms suggestive of acute

Cerebrovascular accident
▪ Recurrent migraines
▪ Persistent balance problems
▪ Brain space-occupying lesions or 

brain metastasis
▪ Brain imaging done in another 

center 

Signi�cant (acute/subacute) CT scan �ndings: 160 (18.9%)

Total number of patients
excluded* from the study:
118 (12.2%)

Figure 1: Strengthening the reporting of observational studies in epidemiology (STROBE) statement.
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For acute and/or acute-on-chronic subdural 
hematoma [Figure 2a], the area under the curve 
(AUC) was 0.41, indicating performance worse than 
random guessing (AUC of 0.5). The optimal threshold 
of 0.122 maximized the difference between the true 
positive and false positive rates. Similarly, for acute 
and/or subacute ischemic cerebrovascular accident 
[Figure 2b], the AUC was 0.47, also indicating 
below-average performance compared to random 
guessing. The optimal threshold of 0.188 achieved 
the highest difference between the true positive 
and false positive rates. For significant new and/or 
acute CT findings [Figure 3a], the AUC was 0.45, 
suggesting performance worse than random guessing. 
The optimal threshold of 0.026 maximized the true 
positive and false positive rate difference. Likewise, for 
newly detected SOLs [Figure 3b], the AUC was 0.43, 

Table 3: Tabulation of abnormal radiological, 
laboratory, and electrocardiogram (ECG) findings, 
n = 847.

Variables Frequency
n (%)

Abnormal CT scan findings of the brain
Age-related brain atrophy and/or chronic 
microvascular ischemic changes

385 (45.5)

Acute ischemic changes 28 (3.3)
Subacute ischemic changes 66 (7.8)
Acute on chronic subdural hematoma/
intracranial hematoma

29 (3.4)

New space-occupying lesion/abscess 37 (4.4)
Others* 52 (6.1)

Abnormal chest radiograph findings1

Infiltrates, new consolidation 79 (18.9)^

Interstitial edema other features of heart 
failure

112 (26.7)^

Features of infected heart failure 72 (17.2)^

Abnormal hematological and biochemical markers, urine 
dipstick results, and ECG findings

Hypernatremia (> 145 mmol/L) 33 (3.9)
Mild hyponatremia (serum sodium:  
130–135 mmol/L)

211 (24.9)

moderate hyponatremia (serum sodium: 
125–129 mmol/L)

100 (11.8)

profound hyponatremia (serum sodium:  
< 125 mmol/L)

63 (7.4)

	■ subgroup A (121–125 mmol/L) 30 (3.5)
	■ subgroup B (116–120 mmol/L) 21 (2.5)
	■ subgroup C (≤ 115 mmol/L) 12 (1.4)

Hyperkalemia (> 5.5 mmol/L) 55 (6.5)
Mild hypokalemia (3–3.4 mmol/L) 35 (4.1)
Moderate hypokalemia (2.5–3 mmol/L) 9 (1.1)
Severe hypokalemia (< 2.5 mmol/L) 1 (0.1)
High creatinine (59–104 mmol/L) 343 (40.5)
High urea (2.8–8.1mmol/L) 371 (43.8)
Abnormal white cell count (2.2–10.0 109/L) 218 (25.7)
Abnormal platelet count (150–450 109/L) 85 (10.0)
C-reactive protein (0–5 mg/L) 629 (74.3)
Raised alanine aminotransferase (ALT) test 
(> 41 U/L)

105 (12.4)

Raised total bilirubin (> 17 mmol/L) 132 (15.6)
Abnormal albumin (32–45 g/L) 77 (9.1)
Abnormal coagulation profile 92 (22.3)#

Urine dipstick (leukocytes/nitrates/blood) 152 (23.9)$

New 12 leads ECG changes 78 (15.1)!

CT: computed tomography. *Mastoiditis, normal pressure hydrocephalus, pan-
sinusitis. A chest radiograph was performed on 419^ patients with suspected 
respiratory infections, a coagulation profile was conducted for 412# patients, 
urine dipsticks were used for 636$ patients with suspected urinary sepsis, and 
a 12-lead ECG was done for 518! patients. These investigations were not 
performed on all patients, which is one of the limitation of this retrospective 
study. The percentages were calculated based on the number of patients who 
underwent these specific tests, while the remaining investigations were part of the 
routine blood workup.

Table 2: Patient complaints and abnormal vital signs 
on emergency department (ED) presentation, n = 
847.

Variables Frequency
n (%)

Presenting complaints to the ED
Fever 483 (57.0)
Drowsiness 397 (46.9)
Dizziness 254 (30.0)
Headache 203 (24.0)
Nausea/vomiting/abdominal pain 201 (23.7)
Transient loss of consciousness 181 (21.4)
Fatigue 172 (20.3)
Vertigo 97 (11.5)
Others* 178 (21.0)

Abnormal vital signs at presentation
Tachycardia (heart rate ≥ 100/min) 179 (21.1)
Bradycardia (heart rate ≤ 60/min) 63 (7.4)
Tachypnea (respiratory rate > 20/ min) 229 (27.0)
Systolic blood pressure (≤ 90 mmHg) 38 (4.5)
Systolic blood pressure (≥ 180 mmHg) 94 (11.1)
SPO2 (≤ 94% in room air) 163 (19.2)
Random blood sugar level (< 3.0 mmol/L) 18 (2.1)
Normal sensorium 602 (71.1)

Glasgow coma scale
15–13 165 (19.5)
12–8 57 (6.7)
< 8 23 (2.7)

All these patients presented to the ED with generalized weakness, along with the 
aforementioned symptoms. Others*: Breathing difficulty, decreased or no urine 
output, chest pain, limb pain and swelling, etc. *Patients on anticoagulation and 
those with trauma were excluded. Additionally, based on the study (Blunt Head 
Injury in the Elderly: Analysis of the NEXUS II Injury Cohort), patients who 
sustained accidental falls at ground level were also excluded.
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indicating performance below random guessing. The 
optimal threshold of 0.144 maximized the difference 
between the true positive and false positive rates, as 
determined by Youden's J statistic.

For acute and/or acute-on-chronic subdural 
hematoma, the AUC was 0.41, indicating 
performance worse than random guessing (AUC of 
0.5). The optimal threshold of 0.122 maximizes the 
difference between the true positive rate and false 
positive rate (Youden's J statistic). Similarly, for acute 
and/or subacute ischemic cerebrovascular accident, 
the AUC was 0.47, also indicating performance worse 
than random guessing (AUC of 0.5). The optimal 
threshold of 0.188 maximizes the difference between 
the true positive rate and false positive rate (Youden's 
J statistic).

For significant new and/or acute CT findings, 
the AUC was 0.45, indicating performance worse 
than random guessing (AUC of 0.5). The optimal 
threshold, 0.026, maximizes the difference between 
the true positive and false positive rates (Youden's 
J statistic). Similarly, for newly detected SOLs, 
the AUC was 0.43, also indicating below-average 
performance compared to random guessing (AUC 

of 0.5). The optimal threshold of 0.144 maximizes 
the true positive and false positive rate difference 
(Youden's J statistic).

Detailed ED and hospital disposition data are 
provided in Figure 1, offering insights into patient 
management outcomes.

D I S C U S S I O N
A common challenge in busy EDs is diagnosing 
geriatric patients who present with generalized 
weakness. Approximately 20% of geriatric patients 
arrive at the ED with such nonspecific complaints, 
which require thorough evaluation due to their 
association with adverse outcomes.2,10 The widespread 
use of CT scans has transformed brain disease 
evaluation, driven by factors like easy access, high image 
quality, non-invasiveness, minimal time consumption, 
patient pressure, and fear of litigation.11–13 However, 
the increased use of head CTs for non-trauma patients 
has raised public health concerns, including higher 
costs and resource wastage.

Our study focused on patients presenting with 
generalized weakness who underwent head CT 
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Figure 3: Receiver operating characteristic curve and area under the curve analysis of CT scan in detecting 
(a) significant new and/or acute CT findings and (b) newly detected space-occupying lesions. 
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Figure 2: Receiver operating characteristic curve and area under the curve analysis of CT scan in detecting 
(a) acute/acute-on-chronic subdural hematoma and (b) acute/subacute ischemic cerebrovascular accident. 
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imaging, revealing a low incidence of acute intracranial 
abnormalities. The diagnostic performance of head 
CTs in detecting acute cerebrovascular accidents and 
other significant findings was limited, as reflected 
in suboptimal ROC analysis thresholds. Smith-
Bindman et al,14 reported similar limitations in the 
diagnostic accuracy of CT scans for non-traumatic 
presentations in the elderly. Comparatively, Grossman 
et al,15 found that head CTs were more likely to 
detect abnormalities with focal neurological deficits 
or a history of consciousness loss, we observed that 
generalized weakness alone was not a strong predictor 
of acute findings. Our findings suggest the need for 
more selective use of head CTs to avoid unnecessary 
costs and resource utilization. We also included 
patients who presented with generalized weakness 
and other symptoms, and who experienced cardiac 
arrest during their ED stay. CT scans performed as 
part of post-cardiac arrest care were included, some of 
which revealed acute findings. Excluding these cases 
would have halved the number of acute findings; 
however, given the small sample size of such patients, 
the exclusion would not have significantly impacted 
the statistical analysis. Other research has shown that 
factors such as nausea and/or vomiting, history of 
malignancy, coagulation disorders, and comorbidities 
like hypertension also influence abnormal head CT 
findings.16–19 Minor predictors of abnormal head 
CT findings include headache and dizziness.20 
Research shows that only a small percentage of head 
CT examinations in non-trauma patients reveal 
abnormalities. Other studies indicate that head 
CTs are more likely to detect significant findings in 
patients with specific risk factors such as advanced 
age, focal neurological deficits, history of trauma, or 
a history of malignancy.21,22

Based on the literature and our study findings, 
we recommend obtaining a complete blood count, 
a basic metabolic panel, an electrocardiogram, and 
chest radiograph. Additional tests might include 
erythrocyte sedimentation rate/C-reactive protein 
for inflammatory processes, thyroid-stimulating 
hormone for hypothyroidism, and urinalysis assess 
the prevalence of asymptomatic bacteriuria.23 A 12-
lead electrocardiogram is also advised, as myocardial 
infarction can present as generalized weakness in 
this population.24 Even if a thorough review of 
the patient's complete history, including input 
from relatives, clinical examination findings, and 
laboratory investigations, fails to yield a definitive 

diagnosis, brain imaging may be warranted. Despite 
the low diagnostic yield, a negative head CT scan can 
reassure patients, facilitate faster discharge, and reduce 
unnecessary observation periods, thus shortening the 
length of stay. Overall, our findings support a more 
selective approach to head CT imaging in geriatric 
patients with generalized weakness, emphasizing 
clinical evaluation and judicious use of imaging based 
on specific clinical indicators. This strategy optimizes 
resource use, minimizes unnecessary radiation 
exposure, and contributes to better patient outcomes 
and more efficient healthcare delivery.

The study's robustness is evident in its calculation 
of a sample size with 1.2% precision, ensuring 
reliability with a larger cohort involving two major 
national centers in a retrospective design that 
minimizes exposure risks. Using ROC curve analysis, 
it demonstrates AUC metrics and graph plotting to 
determine optimal thresholds. Notably, it features one 
of the largest patient cohorts, enriching the database 
and enhancing overall significance. However, the 
retrospective nature of this study meant that charts 
with missing data were excluded, which could affect 
the dataset's completeness. While medical chart 
documentation was generally accurate, the consistency 
across different variables varied. Additionally, the 
decision to perform a CT scan depended on the 
treating physicians, whose preferences and practices 
may have introduced variability.

C O N C LU S I O N
Our study demonstrates that CT brain scans 
offer limited diagnostic value for detecting acute 
intracranial pathology in elderly patients with 
generalized weakness, as confirmed by ROC curve 
analysis. The statistical results revealed suboptimal 
performance, with AUCs of 0.41 for acute/acute-
on-chronic subdural hematomas, 0.47 for ischemic 
cerebrovascular accidents, 0.45 for significant new 
CT findings, and 0.43 for SOLs—all suggesting 
performance worse than random guessing. These 
findings underscore the limited utility of CT scans 
in this cohort. Furthermore, the study highlights 
the diverse clinical presentations of geriatric patients 
and emphasizes the need for tailored management 
approaches. This aligns with the existing literature, 
which advocates a broad differential diagnosis in 
geriatric care, where patient characteristics may not 
always direct diagnostic decision-making.
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