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NEUROLOGY

Derivation of a Clinical Prediction Tool to Guide the Need for 
Brain Imaging in Older Patients Presenting with Falls

Ken G W Teo1),  Denny Meyer2),  Rabindra Sinnappu3)

ABSTRACT
Objective: To devise a clinical prediction tool to guide the need for brain imaging in older patients presenting with falls.
Methods: Case control study of patients (65 years or older), had a fall and underwent CTB.100 cases and 200 controls were 

included. Clinical features associated with falls and abnormal CTB were extracted from a literature review. Medical records 
were analysed and correlation of each clinical feature with abnormal CTB was performed. 

Results: Mean age 82.55 years. 5 variables were significantly related to abnormal CTB. These were assigned scores based on 
their regression coefficients:1)Previous history of falls[1.7 points];2)Head or facial trauma[2.2 points];3)Focal neurological 
signs[5.6 points];4)GCS less than 14[1.1 points];5)New or worse confusion[1.3 points]. We identified a cut-off test score of less 
than 2.5 as abnormal CTB unlikely. Negative predictive value was 97.7%. 

Conclusion: A clinical prediction tool can categorise the probability of an abnormal CTB when applied to older patients pre-
senting with falls. 
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INTRODUCTION

Falls are a common problem in older persons. Between 30% and 
40% of community-dwelling people aged 65 years and over fall each 
year1). This increases to approximately 50% among people over the age 
of 80 years2) and those living in residential aged care facilities(RACF)3). 
Many of them undergo brain imaging after a fall, as current guidelines 
such as the Canadian CT head rule and New Orleans Criteria suggest a 
Computed Tomographic scan of the Brain (CTB) in all patients 60 or 65 
years and older suspected of minor head trauma4,5). These rules have lit-
tle utility in identifying older fall patients with an increased risk of 
intracranial pathology. 

Since an abnormal CTB is present in only 8% of investigated 
patients6), unnecessary admission to hospital and testing occurs for a 
large number of older patients presenting with falls. In addition to the 
significant healthcare costs incurred, these unnecessary hospital admis-
sions and investigations can be burdensome and detrimental for frail 
older persons and people suffering from dementia7). 

Previous studies have identified clinical characteristics associated 
with intracranial injuries in older patients presenting with falls6,8-11). It 
was hypothesised that some of these previously identified clinical char-
acteristics would be significantly associated with abnormal CTB and 
that together these conditions could be used to reliably predict an abnor-
mal CTB, providing a clinical prediction screening tool for CTB after a 
fall.

MATERIALS  AND  METHODS

A literature search was conducted using MEDLINE and CINAHL to 
identify articles related to older patients (65 years and above) who sus-
tained a fall and were investigated with brain imaging. Clinical charac-
teristics that had correlation with an abnormal CTB (i.e. haemorrhage, 
contusion, infarct, space occupying lesion or skull fracture) were 
extracted from relevant articles. A total of nine characteristics were 
identified. Eight of them were positively correlated with abnormal CTB: 
previous falls, atrial fibrillation, head or face trauma, focal neurological 
signs, anticoagulation, Glasgow Coma Scale (GCS) < 14, confusion and 
loss of consciousness (LOC). One characteristic was negatively cor-
related with abnormal CTB: antecedent dementia.

To ensure that these characteristics were robust and updated to 
reflect current medical practice, refinements were made to some of the 
factors. Atrial fibrillation was changed to atrial fibrillation or atrial flut-
ter, anticoagulation was changed to anticoagulation or significant coagu-
lopathy, confusion was changed to new or worse confusion and anteced-
ent dementia was changed to antecedent cognitive impairment.

A case control study was then conducted based on electronic medi-
cal records at Northern Health - a tertiary health network in Melbourne, 
Australia. Through the health network's diagnostic coding system, 
details of patients who were 65 years or older, had a fall and underwent 
CTB were extracted. We used a quota system to collect data on 100 
cases (patients with abnormal CTB) and 200 controls (patients with nor-
mal CTB), in order to ensure 80% power for detecting odds ratios(OR) 
of two or more at a 5% significance level for each clinical condition 
(GPower analysis for logistic regression). A CTB was defined as abnor-
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mal if it was reported as showing new intracranial haemorrhage, new 
infarct, new space-occupying lesion or new skull fracture. Only ground 
level falls were included i.e. standing height or less. Hospitalised 
patients and patients presenting to the emergency department from the 
community or RACF were included.

Health records of cases and controls were analysed by the principal 
investigator. The following data were collected: age; gender; location 
and position prior to fall; CTB pathology (if present); and clinical vari-
ables described above. We adopted a complete case analysis approach12), 
whereby patients without complete data were omitted. The only excep-
tion to this occurred for the position prior to fall, if this was unknown 
but of reasonable certainty to be standing height or less, it was included 
in the data set. Loss of consciousness (LOC) data was missing for 48 
(15.4%) of the sample. This was more common for patients with abnor-
mal CTBs (30%) then for patients with normal CTBs (9%). Due to the 
significantly large number of patients with incomplete data pertaining to 
LOC, this variable was excluded from the study. Patients with cervical 
fractures seen on imaging were also excluded from the study. 

Each health record was analysed to determine if each of the clinical 
feature was present. A timeframe was not set for previous falls - it could 
have occurred a few months or a few years prior to the index fall. New 
or worse confusion was determined to be present if it had been docu-
mented as such or as delirium or acute confusional state. Antecedent 
cognitive impairment was determined to be present if it had been previ-
ously formally diagnosed or directed informant history, routinely per-
formed by doctors or occupational therapists, revealed cognitive deteri-
oration prior to the fall.

Patients testing positive for abnormal CTB from January 2014 to 
February 2017 were included as the 100 cases and patients testing nega-
tive for abnormal CTB from August 2015 to February 2017 were 
included as the 200 controls. The Northern Hospital Research and 
Ethics committee approved the study.

Statistical Methods
Descriptive statistics were calculated and the case and control sam-

ples were compared in terms of their demographics and in terms of the 

location and position of the patients when the fall occurred using chi-
squared tests of association and independent sample t-tests. The nature 
of the CTB pathologies were analysed and the distributions of the clini-
cal variables associated with normal and abnormal CTBs were com-
pared. 

Univariate and multivariate binary logistic regression analyses were 
conducted in order to determine which of the clinical variables discrimi-
nated significantly between normal and abnormal CTBs. Predictor vari-
ables that failed to discriminate between these groups significantly were 
removed from the model one at a time and the area under the Receiver 
Operating Curve (ROC) was used to evaluate the fit of the final multi-
variate model, with an area of above 90% regarded as an excellent fit. 
OR were used to interpret the effects of the clinical variables on the 
odds of an abnormal CTB.

Derivation of Clinical Prediction Tool
We performed univariate and multivariate binary logistic regression 

analyses to identify clinical variables that were predictive of abnormal 
CTB. The clinical variables with p values < 0.05 were considered for 
inclusion in the clinical prediction tool for abnormal CTB. For each sig-
nificant variable a regression coefficient was obtained. Points for the 
clinical prediction rule were assigned by rounding the value of the 
regression coefficient to the first decimal place and then accumulating 
these points in order to obtain a test score. We then identified a cut-off 
point, so that patients with test scores below this value were very 
unlikely to have an abnormal CTB. This cut-off point was conservative-
ly chosen to ensure that the false negative rate was close to 2%.

RESULTS

346 patient medical records were accessed. The number of controls 
and cases excluded due to incomplete data were 26 and 16 respectively. 
Furthermore, four control subjects were excluded due to cervical frac-
ture seen on imaging. All CTBs were non-contrast except for one con-
trol subject.

300 patients were considered - 200 controls and 100 cases. The 
demographic characteristics of the patients and circumstances of their 
falls are presented in Table 1. Mean age was 82.55 years (standard devi-
ation 7.397) and 54% were female. There was no significant difference 
between the case and control groups in terms of gender(χ2 (1) = 2.959, p 
= .085) or in terms of age(t(298) = .077,p = .939) but there was a signif-
icant difference for location of falls(χ2(4) = 13.262, p = .010). In com-
parison to normal CTBs, abnormal CTBs were more likely for falls in 
public spaces (62.5%) than in hospital (20.0%). However, the relative 

Table 1. Demographic characteristics and fall circumstances
 Normal  Abnormal  Total 
 CBT CBT (N = 300)

Mean Age in years  82.57 (7.28) 82.50 (7.66) 82.55 (7.40)
(Standard Deviation)

Gender

Male 85 (42.5%) 53 (53.0%) 138 (46.0%)

Female 115 (57.5%) 47 (47.0%) 162 (54.0%)

Location of fall    

Home    77 (38.5%) 48 (48.0%) 125 (41.6%)

Outside home (e.g.  15 (7.5%0 9 (9.0%) 24 (8.0%)
backyard, front 
porch)

Public spaces (e.g.  6(3.0%) 10 (10.0%) 16 (5.3%)
sidewalks, curbs)

Residential Aged  62 (31.9%) 23 (23.0%) 85 (28.3%)
Care

Hospital  40 (20.0%) 10 (10.0%) 50 (16.7%)

Position prior to fall    

Standing 113 (56.5%) 68 (68.0%) 181 (60.3%)

Sitting in chair, bed  18 (9.0%) 3 (3.0%) 21 (7.0%)
or toilet seat

Lying in bed 19 (9.5%) 3 (3.0%) 22 (7.3%)

Unknown (but  50 (25.0%) 26 (26.0%) 76 (25.3%)
likely to be of 
standing height 
or less)

† N (%)

Table 2. CTB pathologies
 Total (N = 100)

Cerebral contusion 2

Intracranial haemorrhage  67

Subarachnoid haemorrhage  5

Subdural haemorrhage 38

Extradural haemorrhage 2

Unspecified extra axial haemorrhage  7

Intraparenchymal haemorrhage 11

Intraventricular haemorrhage 3

Petechial haemorrhage 1

Skull fracture 3

Combination of injuries 21

Combination of intracranial haemorrhage/s  10

Contusion and intracranial haemorrhage/s  6

Intracranial haemorrhage/s and skull fracture 3

Contusion, intracranial haemorrhage/s and skull fracture 2

Ischaemic infarct 6

Space occupying lesion 1
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percentages of abnormal CTBs for falls at home (38.4%), outside home 
(37.5%) or in RACFs(27.1%) were more similar. The position prior to 
falling was more likely to be standing (37.6%) than sitting (14%) or 
lying in bed(13.6%) for abnormal than normal CTBs(χ2(2) = 8.761, p = 
.013) 

Table 2 details the CTB pathologies seen in the cases. 
The frequency distribution of clinical variables for normal and 

abnormal CTB is presented in Table 3. 
The univariate and multivariate binary logistic regression results for 

the clinical variables thought to predict abnormal CTB are illustrated in 
Table 4. Antecedent cognitive impairment was the only variable that 
was negatively correlated with an abnormal CTB. However, along with 
atrial fibrillation/atrial flutter and anticoagulation, this association did 
not reach statistical significance. 

Five variables were significantly related to abnormal CTB provid-
ing support for the research hypothesis. The area under the ROC curve 
was 92.6% (95%CI 89.5% 5.7%) for the final multivariate binary logis-
tic regression model shown in Table 5, suggesting an excellent fit. The 
multivariate binary logistic regression OR indicate that the odds of an 
abnormal CTB increased by 5.4 for previous falls, 8.8 for head or facial 
trauma, 272 for focal neurological signs, 3.067 when GCS < 14 and by 
3.564 when there was new or worse confusion. These events were 
assigned scores based on their regression coefficients for the final multi-
variate binary logistic regression model as described in Table 5. A sim-
ple addition of the coefficients of relevant clinical variables produced a 
test score for each patient that can be used for detecting patients at risk 
of an abnormal CTB.

We chose a cut-off test score of 2.5 or more to indicate when a CTB 
was needed because an abnormal CTB is unlikely with test scores below 
this level (Figure 1). This cut-off gave an abnormal CTB rate (i.e. false 
negative rate) of 2.3%. The sensitivity was 97%, the specificity was 
64%, the positive predictive value was 57% and the negative predictive 
value was 97.7%. This cut-off point is illustrated in the ROC curve in 
Figure 2. 

DISCUSSION

We have shown that a simple clinical prediction tool can categorise 
the probability of an abnormal CTB when applied to older patients pre-
senting with falls from standing height or less and suspected of intracra-
nial pathology. In patients with a score of less than 2.5, clinical monitor-
ing is recommended. In patients with a score of 2.5 or more, CTB is rec-
ommended. Using a cut-off score of 2.5, the false negative rate was 
2.3%. This false negative rate is comparable to patients who are deemed 
pulmonary embolism unlikely when applying the Wells score and a neg-
ative D-dimer13).

The high negative predictive value of our tool indicates that it is 
useful in excluding CTB abnormality.

This clinical prediction tool could prevent unnecessary investiga-
tions being performed in a large number of older patients. The potential 
CTB reduction was 63.5% (predicted normal CTB/total normal CTB = 
127/200 = 63.5%). This has several implications including a cost saving 
by reducing ambulance transfers, emergency department and hospital 
admissions and CTBs performed. By limiting presentations to busy and 
chaotic hospital environments, people suffering from dementia would be 
able to avoid hospital-induced delirium14).

To ensure our clinical variables are robust and up-to-date with latest 
evidence, we made refinements to some of the clinical variables. Atrial 
flutter was included with atrial fibrillation as current guidelines suggest 
that atrial flutter carries a risk for systemic embolization15). We included 
NOACs and low molecular weight therapeutic heparin in the anticoagu-
lation variable as they are now used extensively as anticoagulants16). We 
also included significant coagulopathy, in particular, there were six 
patients with significant thrombocytopenia(platelets count less than 50 x 
109/L) as platelet counts below this level can lead to increased risk of 
bleeding17). No other aetiologies of coagulopathy were identified. 

In order to delineate between pre-existing baseline cognitive impair-
ment with delirium, we refined the confusion variable as new or worse 
confusion. As there are many older adults with undiagnosed dementia18), 
we redefined antecedent dementia to antecedent cognitive impairment 
so as to capture these patients. 

Patients with cervical fractures were excluded as this study focused 
on intracranial pathology. The clinical variables analysed would not 
have been applicable to them. Although skull fracture is by definition 
not an intracranial injury, it was included as it is a significant head inju-
ry. This is particularly important for depressed skull fractures where rec-
ommendations are that patient with this pathology are at increased risk 
of seizures and should be closely monitored19).

We focused on falls from standing height or less as this is the most 
common mechanism of falls in older people6). 

Two prior studies found that LOC was a predictor of intracranial 
injury9,10), hence we attempted to analyse this as a clinical variable. 
However, it had to be excluded due to the large amount of missing data. 
In retrospective chart review studies, it has been recommended that if a 
clinical variable is missing from 10% or more of cases, it should be 
omitted20). The lack of information pertaining to LOC is reflective of 
clinical practice where it is often challenging to obtain accurate history 
with regards to whether LOC has occurred.

25.3% of falls occurred from an unknown position. Although this is 
technically missing data, we decided to include this under an 砥 nknown 
(but likely to be of standing height or less) category. As it is deducible 
from the surrounding case notes that the fall, although unwitnessed or 
not recalled, occurred from a position of standing height or less (e.g. a 
caregiver in another room of the house heard a thump and when attend-

Table 3. Frequency distribution of clinical variables for normal and abnormal CTB 
 Normal CTB Abnormal CTB Overall
 (N = 200) (N = 100) (N = 300)

Previous falls 128 (64.0%) 87 (87.0%) 215 (72.0%)

Atrial Fibrillation / Atrial Flutter 56 (28.0%) 34 (34.0%) 90 (30.0%)

Head or facial trauma 77 (38.5%) 66 (66.0%) 143 (47.7%)

Focal neurological signs 2 (1.0%) 50 (50.0%) 52 (17.3%)

Anticoagulation or significant coagulopathy 40 (20.0%) 24 (24.0%) 64 (21.3%)

NOACs 12 (6.0%) 2 (2.0%) 14 (4.7%)

Apixaban 6 (3.0%) 1 (1.0%) 7 (2.3%)

Dabigatran 2 (1.0%) 0 (0.0%) 2 (0.7%)

Rivaroxaban 4 (2.0%) 1 (1.0%) 5 (1.7%)

Warfarin 25 (12.5%) 16 (16.0%) 41 (13.7%)

Thrombocytopenia 1 (0.5%) 5 (5.0%) 6 (2.0%)

Therapeutic low molecular weight heparin 2 (1.0%) 1 (1.0%) 3 (1.0%)

GCS < 14 17 (8.5%) 35 (35.0%) 52 (17.3%)

New or worse confusion 35 (17.5%) 48 (48.0%) 83 (27.7%)

Antecedent cognitive impairment 103 (51.5%) 55 (55.0%) 158 (52.7%)
† N (%)
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ed, found the patient to be on the floor of the living room). Similar pro-
portions for an unknown position for the normal and abnormal CTB 
groups indicate that this assumption is unlikely to bias the results.

We found that abnormal CTBs were more likely for falls in public 
spaces compared to in-hospital. Falls prevention strategies such as the 
use of low-low beds in hospitals could explain the lower rate of intra-
cranial injuries seen in hospital falls21).

Falls in public spaces is an understudied area22). Considering the 
association with higher rates of intracranial injuries seen in our study, it 
is a topic that warrants further research.

Our findings suggest that falls from standing height were more like-
ly to be associated with abnormal CTBs compared to sitting or lying 
height. Although there is evidence that increasing height of fall cor-
relates with increasing injury severity6,23), these studies did not examine 
the sub-categories of ground level falls i.e. standing, lying or sitting 
height. Only one previous study looked at sub-categories of ground 
level falls and had a finding which was contrary to ours9). Considering 
the paucity of information concerning the sub-categories of ground level 
falls, future research should investigate this.

There were three variables (antecedent cognitive impairment, atrial 
fibrillation/atrial flutter and anticoagulation) that did not reach statistical 
significance. The study was only powered to detect OR of two or more. 
With OR of 1.325, 1.263 and 1.151 the effect sizes of the non-signifi-
cant variables were too small to be detected with any degree of confi-
dence. Brown et al8) found that antecedent dementia was inversely asso-
ciated with an abnormal CTB and atrial fibrillation was positively asso-
ciated with an abnormal CTB. However, this association was based on a 

statistical significance level of 20%. Our study used a significance level 
of 5% and this can account for the different conclusions drawn.

Anticoagulation and its association with intracranial haemorrhage 
following a fall is a controversial issue. There have been many studies 
conducted with varying conclusions. Additionally, a recent coroner's 
inquest in South Australia relating to a frail aged lady with dementia 
who died following a fall in her RACF concluded that: "If a patient is 
on anticoagulation therapy, consideration should be given at the hospital 
for the need to conduct a CT scan." This recommendation was based on 
expert opinion with acknowledgement of the controversy in the litera-
ture24). 

Counter arguments to this include the conclusion from Pugh et al 
that clinicians often overestimate the risk of developing a subdural hae-
matoma from falling in older patients using anticoagulation25). Another 
study demonstrated that among patients using warfarin, a history of falls 
was not an independent predictor of bleeding26). When assessing falls 

Table 4. Binary Logistic Regression Model for Abnormal CTB
 Univariate Analysis  Multivariate Analysis

 OR (95% CI) p-value OR (95% CI) p-value

Previous falls* 3.764 (1.964 - 7.214) < .001 5.779 (1.784 - 18.720) 0.003

Atrial Fibrillation/ Atrial Flutter 1.325 (0.791 - 2.220) .286 1.182 (0.513 - 2.722) 0.695

Head or facial trauma* 3.101 (1.876 - 5.124) < .001 8.706 (3.521 - 21.527) < 0.001

Focal neurological signs* 99.000 (23.292 - 420.781) < .001 265.137 (47.875 - 1468.369) < 0.001

Anticoagulation or significant coagulopathy 1.263 (0.711 - 2.245) .426 1.470 (0.568 - 3.808) 0.427

GCS < 14* 5.796 (3.042 - 11.046) < .001 3.558 (1.312 - 9.649) 0.013

New or worse confusion* 4.352 (2.547 - 7.435) < .001 3.773 (1.726 - 8.245) 0.001

Antecedent cognitive impairment 1.151 (0.711 - 1.863) .567 0.684 (0.310 - 1.507) 0.346

* Statistically significant associations with abnormal CTB

Table 5: Binary Logistic Regression Illustrating Predictive Abilities After Removing Non-Significant Variables
 Univariate Analysis  Multivariate Analysis

 OR (95% CI) p-value OR (95% CI) p-value Coefficient Test Score

Previous history of falls 3.764 (1.964 - 7.214) < .001 5.418 (1.709 - 17.176) .004 1.690 1.7

Head or face trauma 3.101 (1.876 - 5.124) < .001 8.821 (3.590 - 21.676) < .001 2.177 2.2

Focal Neurological Signs 99.000 (23.292 - 420.781) <.001 272.495 (49.004 - 1515.252) < .001 5.608 5.6

GCS < 14 5.796 (3.042 - 11.046) < .001 3.067 (2.196 - 7.860) .020 1.121 1.1

New or worse confusion 4.352 (2.547 - 7.345) < .001 3.564 (1.658 - 7.664) .001 1.271 1.3

Constant     -4.778

Previous history of falls [1.7 points]
Head or face trauma [2.2 points]
Focal neurological signs [5.6 points]
GCS less than 14 [1.1 points]
New or worse confusion [1.3 points]
Total Test Score ____________
Total score < 2.5 points  Abnormal CTB unlikely. Consider clinical  
 monitoring.
Total score ≥ 2.5 points Abnormal CTB likely. Consider CTB.

Figure 1. Clinical Prediction Tool

Figure 2. ROC Curve Showing Cut-off Point Corresponding to a 
Total Test score of 2.5 ★
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risk and anticoagulation therapy in 19,506 patients, Gage et al demon-
strated that warfarin use was not associated with risk of intracranial hae-
morrhage27). Finally, in a prospective study of 799 older patients present-
ing with a fall, Hamden et al found that anticoagulant and antiplatelet 
use was not associated with intracranial injury9). Our study did not 
demonstrate a statistical significant association between anticoagulation 
and intracranial haemorrhage. Although, there were only 14 patients on 
NOACs, our study is the first to examine the relationship between 
NOACs and the risk of intracranial haemorrhage in older patients fol-
lowing a fall. 

Five variables were found to have statistically significant associa-
tions with an abnormal CTB. Previous falls has been previously demon-
strated to be associated with intracranial pathology8). Hamden et al 
demonstrated that signs of head trauma was associated with intracranial 
injury with an OR of 13.29). This is comparative to our finding of an 
association between head or facial trauma with abnormal CTB, OR of 
8.8. 

Focal neurological signs post fall has been repeatedly demonstrated 
to be a predictor of an abnormal CTB and need for neurosurgical inter-
vention6,11). Our study has replicated these results.

A reduced GCS has been recognised in the literature examining 
younger patients to be a predictor of intracranial injury, hence its inclu-
sion in clinical decision rules such as the Canadian CT Head rule4). The 
situation is not as straightforward in older patients particularly those 
with cognitive impairment. These group of patients would often have a 
baseline score of GCS 14 as they would score four points(confused or 
disorientated) for verbal response28). This is the reason for setting a cut-
off of GCS < 14 in our study to better suit the patient cohort. Consistent 
with our results, Brown et al8) found a positive association between GCS 
< 14 and an abnormal CTB.

We found that new or worse confusion (i.e. delirium) was associat-
ed with an abnormal CTB. This finding is supported by two previous 
studies, which identified that a recent fall was predictive of abnormal 
CTB among older patients presenting with delirium29,30).

There are several limitations in this study. Firstly, the case-control 
design has inherent selection bias. Secondly, although only a relatively 
small number of patients were excluded based on the complete case 
analysis approach, it is possible that it has introduced bias. The data 
analysed in the electronic health record relied on informants and clini-
cians for accurate recordkeeping. The quality of the information 
retrieved and recorded might be variable depending on the history taker 
or clinical examiner. There is also an element of recall bias when rely-
ing on patients or informants to recall the risk variables. There is a 
potential for hindsight bias - the tendency to impute causation when the 
outcome is known. The missing data for LOC is another potential 
source of bias. Lastly, there is potential overlap between clinical predic-
tors that might impact on their individual predictive validity - in particu-
lar, new or worse confusion and GCS <14.

Another limitation is the lack of blinding with the principal investi-
gator being the single data collector. Also, this is a single site study, lim-
iting generalisability.

We have derived a simple clinical prediction tool that can categorise 
the probability of an abnormal CTB when applied to older patients pre-
senting with falls from standing height or less and suspected of intracra-
nial pathology. This serves as a springboard for validation in a multi-
site, prospective study. If validated, our clinical prediction tool would 
have significant clinical utility and could result in a safe and effective 
means to manage older patients presenting with falls. 
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