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Use of Cranial Computed Tomography(CT) in Elderly Patients Presenting after a Fall:

Can WePredict Those Having Abnormal Head CT Scans
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Abstract:

Aims: Identify factors predictive of increased riskimtracranial injury and assess the ability of
the non-age related components of the New Orleaad BT criteria (NOC) to guide decision-
making.

Study Design: Retrospective electronic medical record review application of decision rule
Place and Duration of Study: Emergency Department (ED) of Vidant Medical Center
Department of Emergency Medicine, Brody School efdidine at East Carolina University;
Greenville North Carolina, USA; January 2008 thioimpcember 2008

Methodology: Electronic Medical Records (EMR) of patients > @ars of age coming to our
Emergency Department during 2008 with a diagnadisialbor traumatic injury were reviewed.
Demographics, fall/injury details, risk factors, @&rformance, and CT findings were recorded.
Reuvisit within 30 days was reviewed. Non-age sgldfOC were applied to the population.
Transfers, known intracranial injury, and multigysttrauma were excluded. Independent
predictors of positive findings were sought usiogistic regression.

Results: We identified 783 patients with fall and traumatic injury. Ninetix met exclusion
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criteria, leaving 687 for analysis. Three hundneenty one patients received head CT; 296 met
the non-age NOC for head CT. Twelve (3.1%) abnbhead CTs were identified; nine showed
an acute finding. Acute findings were not predidigcany independent variable. All 12 of the
abnormal head CTs (nine acute, three chronic) wierified by the non-age NOC. Forty five
patients presented again within 30 days with norieg noted.

Conclusion: Age over 65 did not increase the risk for agugdinormal head CT in the patient
presenting to the ED after a fall. No single fast@s predictive of acutely abnormal head CT.
The use of the non-age related NOC predicted thasents having an abnormal head CT with

100% accuracy. Age may not independently neceéssiead CT after a fall.

Key Words: computed tomography, decision rules, elderly, fi@ad injury,

INTRODUCTION

In 2004, injuries resulted in 31 million emergemgpartment (ED) visits, representing
32% of all visits. Elder patients are at highé&si for both fatal and nonfatal injuries with
mortality and hospitalization rates for injuriepogted to increase dramatically.[1,2]. Falls are
the most common mechanism of injury for older pdsevisiting the ED and are the most
common cause of injury-related death [1,2]. Sewsrdély used evidence based decision rules
[3-10] using a general population indicate that ager 60 or 65 years places the patient at high
risk for an abnormal head CT after a mild headrinjirhe various decision rules have been
compared to determine if one more readily diffeisat the patient who will benefit from head
CT [11-13], but none specifically address only plopulation of patients over age 65 who
potentially have an intracranial injury, particijaafter a fall. Currently no definitive evidence

exists as to how to evaluate elderly patients aftiall. Due to the general increased incidence
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of injury, and specifically closed head injury, de2T is frequently ordered [14]. However, CT
scans are costly and are now recognized to camagliation risk [15, 16].

Head CTs ordered because of a fall account foexipenditure of millions of dollars
annually in the United States [3]. To contain saghile providing excellent care, it is important
for emergency physicians to know if patients wéhlefit from head CT. We retrospectively
searched for elderly patients who fell and are ictamed at increased risk for intracranial injury,
based upon current decision-making strategies.s®ght to define risk factors for acutely
abnormal head CT in these elder patients aftelf,aafait is the most common mechanism of
mild blunt closed head injury and applied the nge-eelated NOC to the population receiving
head CT scans. We hypothesized that applicatitheofion age NOC to the elderly population

will reduce the head CTs ordered in this populatwaihout compromising care.

MATERIAL AND METHODS

The study was conducted in the ED of a teachingitedsand Level | Trauma Center in
the Southeastern United States with an annual sesf€20,000 patients during 2008. All
patients greater than 65 years of age presentitiget&D or its Fast Track area from January 1,
2008 to December 31, 2008 with ICD-9 code for “fall “traumatic injury” (958.0-959.0) as the
final diagnosis were eligible for inclusion. Patie under 65 years of age, those received in
transfer from another medical facility or accepasda patient with multi-system trauma were
excluded from analysis. Physician judgment anddsted accepted medical practice determined
whether a patient received a head CT scan. Rriooltection of study data, ten charts were
randomly selected and all investigators extradbedorescribed data from each chart.

Comparisons of the data obtained by each investigatre made to assess consistency in
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interpretation of patient records and findings.e Kappa statistic for inter-rater reliability was
0.86 and demonstrated good reliability. EMR wexteaspectively reviewed by three of the
investigators (JB, RJ, CB) and data collected staadardized form. Two investigators (NN,
MA) applied the non-age NOC to the study populatibaible 1).

Table 1: New Orleans Head CT rules: Presenceybéthe following indicates the
need for head CT [6]:

Trauma above the clavicles
Altered memory

Intoxication

Headache

Vomiting

Seizure activity

Age > 60 years (N/A in this study)

The following data was collected: age, genderetypfall, presence of dementia, anticoagulant
or aspirin use, presence of/type of injury abowediavicle, performance of head CT, acute
finding on head CT, return within 30 days, reasanréturn, head CT at return visit, and acute
findings present at return visit. Type of fall wasaracterized as: fall from bed, from sitting,
from standing or from height above ground. Deneewas noted from the patient’s past medical
history or the current provider’s note. A patiergisxconsidered to have a memory deficit if they
had a change from their baseline memory statusd&tshe was any reported head pain,
localized or diffuse. Intoxication was determireesdper the treating physician's documentation.
If intoxication was not reported then the patieaswleemed not intoxicated. Seizure activity
included any suggestion of seizure. Anticoagulargse categorized as: aspirin, clopidogrel,
warfarin, fractional based or low molecular weigkparin. Presence, location, and type of

injury were noted from the physician’s note anddiseharge or admission diagnoses recorded



92 inthe chart for that visit. Trauma above the wkes was considered as any physical evidence of
93 trauma above the clavicles. Vomiting was presembted in the chart. If the treating physician
94  was unable to obtain any information it was notetdumable to obtain". Radiologists’ official
95 readings were used to assess presence of abnaathl0T. The word “acute” needed to appear
96 in the radiology report describing the intracrafiadliings for the image to be considered
97  *“positive”. The NOC were first applied to the pise scans to determine if they would have
98 been detected using the rules. The same rulesapeted to patients with normal head CT
99 scans to evaluate for potential reduction, if anyptal head CTs ordered. Neither cognitive nor
100 psychometric testing was performed due to the sp&ctive nature of the investigation.
101  Consensus among abstractors regarding collectiomesnording was reached by periodic
102  discussions as needed.
103 Chi square analysis was used for the dichotomoriahlas of gender, presence of
104 dementia, anticoagulant use, type of fall, andrinpbove the clavicle. Regression analysis was
105 used to determine if any of the historical or phgksexamination variables were independent
106  predictors of intracranial injury. Statistical &ss was performed using STATVIEW (SAS,
107 Inc). This study, UMCIRB #08-0773, was reviewed aeemed exempt by the University and
108  Medical Center Office for Human Research IntegriBatient privacy and confidentiality of
109  medical record information was the only ethicalsideration deemed necessary.
110
111  RESULTS
112 Patients ranged in age from 65 to 98 years. OG8@freported falls, 321 cranial CTs
113 were performed (46.4%). The mean age of patieasiving head CT after fall was 81.4 years

114  (range 65-98). No difference in age existed betwhese with acute intracranial findings vs.



115  those without acute findings (P= 0.67). Only njBg%) of the 321 scans showed evidence of
116  acute intracranial injury (Figure 1) with 33 extnanial findings noted: scalp hematoma

117  (n=sixteen), soft tissue edema (n=seven), sinusitibve), facial/orbital fracture (n=four), and
118  cervical spine injury (n=one). Two stable/chrosubdural hematomas and one stable hygroma
119  were noted making twelve patients with abnormals€ans. Of the acute intracranial injuries,
120 none required neurosurgical intervention but s€v&@o) were admitted to the hospital for

121 physical, occupational, or speech therapy. Twceeweade Do Not Resuscitate by family

122  members.

L 1
Charts Included N=637
|
. ] |
CTScan Performed Ves=321 No=366
i
Type of Fall Bed sitting standing Height
n=36 n=54 n=211 n=17
jury above Clavicle | Yes=22 No=31 | lyes=132 Mo<76 Vesmt Moot
5 s = z =9
Intracranial mjury n=0 n=0 n=2 n=0 n=3 n=3 n=1 n=0

i

) L. SAH (2) )
Type of Injury ICH{2) SDH (2} SDH

IWVH (1)

SO Hygroma (1}

123

124  Figure 1: Flow Chart of patients included in thedy and final outcomes
125 ICH=intracranial hemorrhage; SAH=subarachnoid hehage; [VH=intraventricular
126  hemorrhage;SDH=subdural hematoma

127



128

129

130

131

132

133

134

135

136

137
138

139

140

141

142

Forty-five patients presented again within 30 daysnarily for wound checks. No new

abnormal CT scans were noted upon return visittySieven percent (six of nine) of the

intracranial injuries occurred in patients withille injury above the clavicles, although this did

not prove to be an independent predictor of acUtdil2lings (p=0.20). None of the

independent variables were predictive of acutehoamal head CT (Table 2).

Table 2: Comparison of patientswith positive CT findings vs. patientswith no acute CT

findings

Variable No Findings on CT Acute Findings on CT P-value
Age (years) 80.0+7.7 81.3+8.3 0.67
Gender 79% Female 67% Female 0.41
Presence of Dementia 141 (44.0%) 4 (1.8%) 0.40
Aspirin Use 149 (46.7%) 6 (1.9%) 041
Injury above clavicle 189 (58.9%) 6 (1.9%) 0.20
Fall from Bed 36 (11.3%) 0 (0%) 0.31
Fall from Sitting 52 (16.3%) 2 (0.6%) 0.19
Fall from Standing 205 (64.5%) 6 (1.9%) 0.68
Fall from Height 16 (5.0%) 1(0.3%) 0.52

Using the non-age items of the NOC, EMR of 296quds receiving head CTs were able to be

reviewed. 123 (45%) had a history of dementia. y&@l (15%) of the 238 patients in whom

complete events about the fall were ascertaineé vegported to have had alteration of

consciousness. All twelve of the patients with abmad head CTs (nine acute, three chronic)

were identified by application of the non-age N@Table 3)
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Table 3: Non-age Related New Orleans Head CT Rules Patient Findings

Variable Patients without Head CT Patient with Head CT
Abnormalities Abnormalities
Total N* percent Total N percent

Trauma above the

. 174 284 61 11 12 92
clavicles
Altered memory 12 * 281 4 3 12 25
Intoxication 11 284 4 1 12 8
Headache 80 246 33 6 11 55
Vomiting 9 257 4 0 12 0.0
Seizure Activity 1 255 0.3 1 12 8

#Total number of responses different based on ability of physician to obtain information from patient or witnesses
*Six patient with impaired short term memory, Three patients with newly diagnosed confusion, Six Patients with worsening of baseline
confusion, Three patients with unknown baseline mental status

The finding most frequently associated with abndrnead CT was trauma above the clavicle.
Strict application of the non-age NOC to this pa@pioin would have reduced the number of

patients receiving head CTs by 20% without missing abnormal head CTs (Table 4).

Table 4: Calculated Reduction of Head CT scans by patient history and attributes

o All Patients Patients with Abnormal
Applications
(N=296 Head CT (N=12)

New Orleans Head CT rules Alone 59 (20%) 0

New Orleans Head CT rules, Adding History of Dementia 32 (10%) 0

New Orleans Head CT rules , Adding Fall from height and 48 (16%) 0
Anticoagulation

New Orleans Head CT rules, Adding Fall from height, 24 (8%) 0
Anticoagulation and History of Dementia

*If information was unable to be obtained from a patient the patient was considered to require a head CT scan for further evaluation



154 Addition of dementia, fall from height, or curreantticoagulation therapy to the non-age NOC
155  produced a lesser reduction in CT scans ranging 84.6% as shown in Table 4 above. Data

156  for antiplatelet and anticoagulation therapy amshin Table 5.

157
158 Table 5: Anticoagulation and Antiplatelet Therapy
Therapy No Acute Abnormality  Total Head CT Abnormalities P
N=284 N=12
Antiplatelet Therapy* 147 (52%) 9 (75%) 0.24
Anticoagulation Therapy” 33 (12%) 1(8%) 0.79

159 *Aspirin or Plavix Therapy
160 # Warfarin or Heparin product
161

162 DISCUSSION

163 Clinical decision rules often use age as an exnhusriterion due to a higher reported

164 incidence of injury in elderly adults, contributit@a significant amount of cranial imaging in
165  this population with mostly negative results [UT)will be important to better define the

166  population of elderly patients in whom imaging nmmy¢ be necessary after a fall. Much work
167 has been done regarding decision-making and whatpatient is at high, medium, or low risk
168  for intracranial injury after a minor head injurpll have concluded that age of >60-65 years
169  places the patient at high risk and recommend inggfi-10]. None have attempted to isolate the
170  population of patients over age 65 years who havapparent minor head injury.

171 Neurosurgical significance is frequently used isatigtions of primary outcome measures

172 involving a range of 0.1% to 6% as well as clinig@&nportant brain injury ranging from 6% to
173 15-20%. Our study population had a neurosurgidaruention rate of zero percent, with 78% of

174  the injuries judged clinically important based upeoiormation from Stiell and colleagues [18].

175 While the incidence of falls in our study was catesnt with epidemiological reports, we

176  found a low incidence (2.8%) of positive scans.r €rlected clinical variables were identical to
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those included in all the studies cited and inctbdéditional variables specific to the elderly
population (anticoagulation and dementia). Nonthefindependent variables we selected
proved to be associated with abnormal head CTeredhe to the mechanism of simple fall and
its associated low kinetic energy or the low nundfgrositive scans. Injury above the clavicle
was closest to reaching statistical significanggrost-hoc power analysis indicated that 45
positive scans would be needed to make this afsignt predictor at( P=0.05) with 90% power
and an additional 1650 scans or approximately fodive years of patient EMR would need to
be assessed.(Power Analysis for Proportions in GBTS Dynamic Microsystems; Silver
Spring, Maryland) Our small number of positivediimgs is consistent with other studies
involving minor head injuries [6, 19], reiteratititge low frequency of abnormal head CT scans
in patients with minor head injuries and emphagjzivat abnormal head CT resulting from falls
is rare. The majority of patients in our study Imadalteration of consciousness and were at their
baseline mental status when they presented tolbheThese findings have been shown to be
good prognostic factors in patients with minor hegdries [19].

One goal of this study was to evaluate if the nge4dOC are effective when used with
elderly patients presenting after falls. Usingititention to treat model, when components of
the NOC were unable to be obtained, the patiegisined a head CT scan. When the non-age
NOC were applied to patients with abnormal heads€ans, all were detected. If these
components of the NOC had been strictly applietthéopopulation at presentation there would
have been 20% fewer head CT scans ordered. Tdustren is highly dependent upon obtaining
reliable histories from patients or witnesses fatignts with dementia; admittedly a major
difficulty for physicians. A large number (46%) péditients had dementia and the NOC could be

applied to a significant number of patients in stisdy with severe dementia only with the
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contribution of witnesses, as the patient was wnabprovide details of the fall. Fortunately, the
components of the NOC were able to be obtaine@466 of patients with dementia. Patients or
caregivers were able to describe events durindter the fall, as well as relate current mental
status to baseline mental status. With the lowbrmof abnormal head CT scans we further
evaluated the NOC performance by incorporating dnigk patients. Nagurney et al [20] showed
that elderly patients fall from a height or dowaist less frequently but these falls are more
likely to result in abnormal head CT scans. THeatfof anticoagulation on the likelihood of
abnormal head CT scan is less clear [21-23]. Ota fdaind no increased frequency of abnormal
head CT in patients taking anticoagulant therayMhen the patients on anticoagulation therapy
or with falls from a height are excluded and theQ\N&pplied, there is a modest 16% reduction in
head CT. If all patients with dementia are excluftedch consideration and scanned, there is only
an eight percent reduction in head CT scans ordered

In the major studies and recommendations, somegefialtered consciousness has
been used as an indicator of head injury. Ourystownd that momentary alteration of
neurological function may not be a sufficient iratir of head injury. Only a minority of
patients had alteration in consciousness (15%)ghen50% (six of twelve) of patients found to
have abnormal head CT did not report any alteratiamonsciousness. Therefore, alteration in
consciousness was not useful in determining if inm@gvas needed; a finding that only adds to
the current lack of clarity when evaluating eldgtients for head injury. An acutely abnormal
head CT may be present despite not having a pefiallered consciousness used to clinically
define head injury. All elderly patients that presafter trauma should be carefully assessed
clinically for signs of intracranial injury. Theé@adings will guide whether to obtain imaging in

their evaluation. Among our physicians, dementelility to assess mental status,
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anticoagulation, and injury above the claviclesemiie most common reasons cited for ordering
head CT for an elderly patient with a fall. Whil&98 of those without dementia were scanned,
66% of those with dementia were scanned (P=0.00kis difference held true for
anticoagulation with aspirin (55% scanned on aspis. 45% not on aspirin (P=0.01) and injury
above the clavicle (75% scanned with injury vs. Z&%nned without injury (P=0.001)).
However, none of these variables were predictivatofcranial injury.

As physicians, “The fear of failing to identify lmanjury has led to the liberal and
excessive use of CT scanning of patients with bheatd trauma who have even a remote
possibility of intracranial injury” [5]. This is i@ coupled with concerns of cumulative radiation
exposure to the individual patient. The use of diagnostic modality needs to be justified by
improving healthcare outcomes and the cost of nmeelid his aspect of geriatric emergency
medicine seems promising as an area of investigatitvidence based guidelines are needed to
provide assistance in the evaluation of elderlygpds for acute intracranial injury after suffering
a fall.

The low rate of positive findings in our study seggan underpowered study, however it
may simply reflect the mechanism of injury alor¢igher velocity injuries were included in the
studies referenced, whereas this study limitegptpulation to elderly patients with a simple
fall. The number of visits and scans performedsstesimilar to those studies cited in the
creation of the existing decision strategies yetftequency and severity of injury was much
less. Our finding of only 2.9% intracranial injwsies lower than previously reported and may
simply reflect this different mechanism of injuryOur study included only patients with a
simple fall, a very common source of injury in #lder population, whereas studies validating

implementation of the published decision rulesudeld patients incurring injury from high



246  velocity injuries as well as patients under 65 gadHrage. Post-hoc power analysis revealed that
247  an additional 1650 CT scans, approximately fouiv® years of patient EMR, would need to be
248  reviewed to obtain significance in the variablealgred at (P =0.05) with 90% power.(Power
249  Analysis for Proportions in GB STAT, Dynamic Micystems; Silver Spring, Maryland)

250 Our data are therefore not intended to be genatdézo all ages of patients, those

251  previously studied, or those with different meclsams of injury. Patients living in long-term

252  care facilities have been reported to have an asae risk of falling [19, 20]. We did not

253 include “location of fall”, such as nursing homesisted living facility, personal home, or public
254  place, and may have introduced selection bias agaipatient with a higher level of

255 independence. Itis also possible that we diccapture everyone that sought fall-related

256  medical care or presented again within 30 days #feer ED discharge at the time of initial

257 injury. The retrospective design precluded us fomgnitively assessing patients for post

258  concussive symptoms or conditions developing &fedays. However, as the data collection
259  began in the spring of 2009 and the last patiesiuded was from December 31, 2008 as well as
260 being the only hospital in the county and the prynmagional referral source for our area of the
261 state we feel that we would have detected all pttieeturning to our facility within 30 days of
262 injury.

263 CONCLUSION

264 A low incidence of acutely abnormal head CT scaist&in the population of patients over 65
265 years of age after a fall. No single factor pregtiche patient with an acutely abnormal head
266 CT. The non-age related components of the NOCigieetiall (100%) of the patients that had
267 an abnormal head CT; and if applied strictly wonddre decreased the number of head CTs

268 ordered by 20%. Dementia, trauma above the clvisid anticoagulant usage by the patient



269  were associated with performance of head CT bgthergency physician but not with the

270  presence of intracranial injury.

271
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