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ABSTRACT

Introduction. Falls are the leading cause of injury death among
older adults. This study sought to determine if there are differ-
ences between fall distance (ground level vs greater than ground
level) and age (old vs very old) in terms of in-hospital mortal-
ity, orthopedic consultations, and neurological consultations.

Methods. A retrospective trauma registry review was con-
ducted of older adult patients (aged > 65 years), admitted to a
Midwestern Level I trauma facility (2005 - 2010) due to a fall.

Results. Of the 1,064 patients analyzed, the majority fell from
ground level compared to greater than ground level (64% and
36%, respectively). Median age was 80 years. Fall distance was
not associated significantly with in-hospital mortality (OR
0.88; CI 0.50 - 1.54) or neurological consultations (OR 1.02; CI
0.72 - 1.43), but was associated with orthopedic consultations
(OR 1.49; CI 1.09 - 2.04). Age was not associated with in-hos-
pital mortality or neurological or orthopedic consultations.

Conclusions. Fall distance was not associated with in-hos-
pital mortality or receiving a neurological consultation.
However, older adults who fell from greater than ground
level were more likely to receive orthopedic consultations.
There were no differences in in-hospital mortality or re-
ceiving a neurological or orthopedic consultation based on
age. These findings indicated that as the older adult popula-
tion increases, burden of care will increase for trauma cen-
ters and neurological services. KS ] Med 2016;9(3):54-57.

INTRODUCTION

By the year 2040, older adults will comprise approximately
22% of the U.S. population.! Falls are the leading cause of fa-
tal injuries among the older adult population, affecting one in
three aged 65 years or older and half of those aged 80 years or
older.? Despite the low-energy mechanism, falls from ground
level can result in disproportionate injury and potentially
death in older adults.? Spaniolas et al.* noted a significant in-
crease in incidence of severely injured older adult patients
70 years of age or older after a ground level fall compared
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with those 69 years and younger (11.5% vs 9%; p < 0.0001).

Compared to younger counterparts, older patients sustain
severe injury more frequently and die more often follow-
ing trauma, due to reduced physiological reserve, underly-
ing comorbidities, and ensuing complications.>® In addition
to higher mortality rates, older adults who suffer a traumatic
event have prolonged hospitalization and consume a dispro-
portionate amount of resources.” McKevitt et al.® found when
using resource requirements as measured by length of stay and
number of consults, older adults have greater use per admis-
sion than younger patients with similar injury severity. After
suffering a fall, 20 - 30% of older adults will experience a mod-
erate to severe injury, including fractures and head traumas,
often requiring orthopedic and neurological consultations.’

As the population ages and older adults become larger con-
sumers of trauma care, the available resources may not sup-
port the growing need of geriatric specific trauma services
adequately. Currently, there is a lack of data describing the
utilization of trauma resources in the older adult popula-
tion, specifically neurological and orthopedic consultations in
terms of fall-related injuries. Therefore, we sought to deter-
mine if, in older adult trauma patients, there were differences
between fall distance and age in terms of in-hospital mortal-
ity, orthopedic consultations, and neurological consultations.

METHODS

This was a retrospective trauma registry review of older
adult patients (aged > 65 years) identified as sustaining an inju-
ry due to a fall, admitted to a Midwestern Level I trauma facility
in a predominately rural state between January 1, 2005 and De-
cember 31, 2010. Patients who were dead on arrival, burn vic-
tims, and those transferred to another acute care facility within
one week were excluded as their final outcomes are not pres-
ent in the registry. A total of 635 patients with missing Injury
Severity Score (ISS) and hospital Glasgow Coma Scale (GCS)
also were excluded from analysis. Approval for this study
was obtained from all relevant institutional review boards.

Study variables. Demographic and clinical data extract-
ed from the trauma registry included age, gender, race, ISS,
hospital GCS, injury location, fall distance, medical con-
sultations, hospital and intensive care unit (ICU) length of
stay (LOS), physiological complications (e.g., pulmonary,
cardiovascular), procedures, hospital disposition (exclud-
ing deceased), and in-hospital mortality. For comparison, pa-
tients were divided into age categories defined as old (aged
65 - 79 years) and very old (aged > 80 years) based on the
median age of 80 years. Fall distance was defined as ground
level (GL: i.e., standing, slipping, tripping) and greater than
ground level (> GL: e.g., stairs, ladder, or one level to anoth-
er). Outcome variables were defined as in-hospital mortal-
ity, orthopedic consultations, and neurological consultations.

Statistical analysis. Descriptive statistics were summarized us-

ingfrequencies (percentages)and medians (range). Differencesin
study variables were compared according to fall distance and age
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and evaluated by chi-square statistics and Mann-Whitney U tests
due to the inability to meet parametric distribution assumptions.
Logistic regression analyses were used to analyze outcome dif-
ferences based on fall distance and age. Medical factors known
to be associated with trauma outcomes (age, gender, and ISS)!%!!
were controlled in these analyses in addition to hospital GCS, ICU
and hospital LOS, and physiological complications with in-hos-
pital mortality, orthopedic consultations, and neurological con-
sultations as outcome variables. Statistical significance was de-
fined as p <0.05. Adjusted odds ratio (AOR) and 95% confidence
intervals (CI) are reported. Statistical analyses were performed
using SPSS for Windows, Version 20.0 (IBM, Armonk, NY).

RESULTS

Of the 1,064 patients in the final sample, the median age
of the entire population was 80 years (Table 1). GL falls were
more common than > GL falls (64% and 36%, respectively).

Fall distance: Univariate analysis. Falls > GL had significantly
higher median ISS compared to GL (10 vs 9; p = 0.019). No sig-
nificant differences were observed in hospital GCS (p = 0.262) or
injury locations between GL and > GL falls (Table 1). There were
also no observed differences in the median number of physiolog-
ical complications (p = 0.224). No differences were identified in
ICU LOS (p =0.394) or hospital LOS (p =0.950). Differences were
found in orthopedic consultations (p = 0.033), but not neurologi-
cal consultations (p = 0.338). Falls > GL were more likely to re-
ceive an orthopedic consult. There was no significant difference
in in-hospital mortality between GL and > GL falls (p = 0.669).

Age: Univariate analysis. Neither ISS nor hospital GCS were
significantly different between the old and very old (Table 2).
The only significantly different injury locations between old
and very old were external (7.7% vs 11.4%; p < 0.05) and ex-
tremities (14.6% vs 17.9%; p < 0.05), respectively. There also
were no observed differences in the median number of physi-
ological complications (p = 0.252). Differences were identi-
fied in ICU LOS (0 [0-41] vs 0 [0-18] days; p = 0.011), but not
hospital LOS (p = 0.607). Differences were not found in or-
thopedic consultations (p = 0.980) or neurological consulta-
tions (p = 0.183). There was no significant difference in in-
hospital mortality between the old and very old (p = 0.764).

Table 1. Demographics and outcomes based on fall distance.

Total Ground > Ground
1064 Level Level p
681 (64.0) 383 (36.0)
Age (median, 80 (65 -103) | 82 (65-101) | 78 (65-103) | <0.001
range)
ISS (median, 9(1-42) | 9a-42) | 1001-41) | 0.019
range)
Hospital GCS _ _ _
(median, range) 15 (3 -15) 15 (3-15) 15 (3-15) 0.262
ICULOS
(excludes deceased; 0(0-41) 0 (0-19) 0 (0-41) 0.394
median, range)
Hospital LOS
(excludes deceased; 3(1-43) 3(1-35) 3(1-43) 0.950
median, range)
Physiological
Complication 0(0-7) 0(0-6) 0(0-7) 0.224
(median, range)
Age <0.001
65-79 | 493 (46.3) 276 (40.5) 217 (56.7)
>80 | 571 (53.7) 405 (59.5) 166 (43.3)
Gender <0.001
Female | 611 (57.4) 420 (61.7) 191 (49.9)
Race 0.340
White | 1046 (98.4) 671 (98.7) 375 (97.9)
Injury Location
Abdominal 27 (2.5) 16 (2.3) 11 (2.9) 0.603
Chest 50 (4.7) 31 (4.6) 19 (5.0) 0.762
External
(okin and thermal) 103 (9.7) 67 (9.8) 36 (9.4) 0.849
Extremities
(including pelvis) 174 (16.4) 17 (17.2) 57 (14.9) 0.552
Face 43 (4.0) 27 (4.0) 16 (4.2) 0.866
Head or neck | 357 (33.6) 234 (34.4) 123 (32.1) 0.456
Neurological
Consultation 471 (44.3) 294 (43.2) 177 (46.2) 0.338
Orthopedic
Consultation 268 (25.2) 157 (23.1) 111 (29.0) 0.033
Home
Disposition® 0.461
(excludes deceased)
Home | 549 (56.5) 349 (55.9) 200 (57.5)
Continued Care | 405 (41.7) 261 (41.8) 144 (35.6)
Non-Home 18 (1.9) 14 (2.2) 4(22.2)
Mortality 0.669
Deceased | 92 (8.6) 57 (8.4) 35(9.1)
Survived | 972 (91.4) 624 (91.6) 348 (90.9)

Abbreviations: GCS: Glasgow Coma Score; ICU: intensive care unit;
ISS: Injury Severity Score; LOS: length of stay.

Percentages may not add to 100 due to incomplete or missing data; data
presented as frequency (%) unless otherwise specified. Mann Whitney U
test completed for means testing. Chi-square test of association complet-
ed for frequency analysis. Bolded numbers denote statistical significance.
"Home: home and home with health care; Continued Care: hospice, nurs-
ing home, other acute care facility, rehabilitation, skilled nursing, spe-
cialty hospital; Non-Home: mental health facility, other.
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1.09 - 2.04). Age was not associated with in-hospital mortality
(OR 1.02; CI10.98 - 1.06), neurological consultations (OR 0.98; CI
0.96 - 1.00), or orthopedic consultations (OR 1.00; CI 0.98 - 1.02).

continued.
Table 3. Logistic regression.?
Table 2. Demographics and outcomes based on age.” Mortality Neurological [Orthopedic
Consult Consult
Ages65-79 | Age>80 p
493 (46.3) 571 (53.7) Adjusted OR [ Adjusted OR | Adjusted OR
0, 0, 0,
ISS (median, range) 9(1-42) 9 (1-35) 0.550 95% C1 95% C1 95% C1
Hospital GCS (median, range) | 15(3-15) | 15(3-15) | 0.293 Age 102098 -1.06) | %% g%)% - 1.0 &98 -
ICU LOS
(excludes deceased; median, range) 0(0-41) 0(0-18) 0.011 Fall Distance 0.88 (0.50 - 1.54) 1'0% EL%)TZ ) 1'43 814;)9 .
Hospital LOS j _
(excludes deceased; median, range) 3(1-43) 3(1-25) 0.607 Gender 1.91(1.10 - 3.3) 1.0? 531)74 2.13 (916;56
Physiological Complica- - -

. 5 0(0-7) 0(0-5) 0.252 Injury Severity B 13.65 (8.99 - 0.93 (0.63 -
tion (median, range) Score 314 (1.56 - 6.33) 20.72) 1.38)
Gender 0.001 Hospital GCS®

Female | 256(51.9) | 355(62.2) Severe| 922 (486- 0.93 (0.46 - 3.65 (2.12 -

Race 0.127 17.49) 1.88) 6.27)
White | 482 (97.8) | 564 (53.9) Moderate | 3.53 (1.55 - 8.05) 0.38 (706.)17 - 0.71 (505.50,2 -

Fall Distance <0.001 . .
Ground Level | 276 (56.0) | 405 (70.9) Hospital LOS®

21.51 (7.55 - 0.66 (0.38 - 0.16 (0.09 -

: 2 Ground Level | 217 (44.0) 166 (29.1) 1 day or less 61.32) 1.13) 0.26)
Injury Location ”.3d 5.72 (2.37 - 2.11 (1.29 - 0.33 (0.21 -

Abdominal | 17 (3.4) 10 (1.8) 0.079 -2 days 13.80) 3.46) 0.51)
Chest| 22(45) 28 (4.9) 0.735 4-6 days | 3.08 (131-7.25) 1.33 (108.80 - 0.6(1) (9%40 -

External (skin and thermal) | 38 (7.7) 65(11.4) | 0.012 18) 92)
— ) 6.35 (2.73 - 3.17 (2.13 - 0.61 (0.41 -

Extremities (including pelvis) 72 (14.6) 102 (17.9) 0.033 ICULOS 14.79) 477) 0.92)

Face| 25(5.1) 18 3.2) 0.113 —
Physiological 0.89 (0.54 - 1.26 (0.82 -
Head or neck | 160 (32.5) 197 (34.5) 0.481 Complication | 5.6 (2.81 - 11.16) . 1 49') : 1 94')
Neurological Consultation | 229 (46.5) 242 (42.4) 0.183 Count
. . Abbreviations: CI: Confidence Interval; OR: odds ratio
Orthopedic Consultation 124 (25.2) 144 252) 0.580 *Adjusted for gender, injury severity score, hospital GCS, hospital LOS,
Home Disposition® ICU LOS and physiological complications. Bolded numbers denote sta-
(excludes deceased) tlSt}Cal significance.
*Mild GCS used a reference category
Home | 290 (64.6) 259 (49.5) | <0.001 Seven (7) days or more used as reference category
Continued Care | 154 (34.3 251 (48.0
NomH p (11 ) 5 (25 ) DISCUSSION
” e @D 25 This study sought to determine if there were differences in
Mortality 0764 in-hospital mortality, orthopedic consultations, and neurologi-
Deceésed 44 89) 48 84) cal consultations based on distance fallen and age. Fall distance
Survived | 449 O1.1) 523 O1.6) was not associated with in-hospital mortality or receiving a

Abbreviations: GCS: Glasgow coma score; ICU: intensive care unit; ISS:
Injury Severity Score; LOS: length of stay.

aI’ercentac?es may not add to 100 due to incomplete or missing data; data
presented as freé]uency (%) unless otherwise specified. Mann Whitney
U test completed for means testing. Chi-square test of association com-
pleted for frequency analysis. Bolded numbers denote statistical signifi-
cance.

"Home: home and home with health care; Continued Care: hospice,
nursing home, other acute care facility, rehabilitation, skilled nursing,
specialty hospital; Non-Home: mental health facility, other.

Multivariable analysis. Logistic regression analyses were
completed to determine if fall distance was associated with
in-hospital mortality, orthopedic consultations, and neuro-
logical consultations (Table 3). Fall distance was not associ-
ated significantly with in-hospital mortality (OR 0.88; CI 0.50
- 1.54) or neurological consultations (OR 1.02; CI 0.72 - 1.43),
but was associated with orthopedic consultations (OR 1.49; CI
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neurological consultation. Fall distance was associated with
receiving an orthopedic consultation. Odds of receiving an or-
thopedic consultation was 49% higher for those who fell from >
GL compared to those who fell from GL. However, there were
no differences in injury location between older adults who fell
from GL or > GL. Age was not associated with in-hospital mor-
tality, neurological consultations, or orthopedic consultations.

These findings are similar to a study completed by Gelbard
et al.”? who determined there were no significant differences in
mortality between non-ground level falls and ground level falls
in adults aged 65 years and older. However, when reviewing
low velocity falls, Bergeron et al.”® determined length of stay
(p < 0.001) and mortality (p < 0.001) were significantly higher
in the elderly (aged > 65 years) compared to the non-elderly.
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Thus, regardless of the distance fallen, age should be
an indicator for poorer outcomes due to reduced physi-
ological reserve, comorbidities, and complications.>*

With the growing older adult population, significant strain on
resources can affect care. This population shift may result in a
higher mortality rate due to an increase in falls as a mechanism
of injury."* This injured population represents a subset of trau-
ma patients that will place a significant strain on resources and
present additional challenges to optimal care.”® Fallon et al.’®
described the use of a geriatric trauma team which mandates a
consult from a group of geriatricians with education and skills
in caring for older adults. These specialized care “units” may
be necessary in the future to provide appropriate care for older
adults. Effective trauma program management of the elderly
trauma patient and allocation of resources depend on an under-
standing of the mechanisms leading to injuries in these cases.

Limitations. The trauma registry is not designed spe-
cifically for research purposes. Conclusions drawn from
results are specific to a level I trauma center in a predomi-
nately rural state and may not generalize to other trauma
populations. Additionally, patient characteristics (e.g., comor-
bidities) which may influence outcomes following falls were
not included due to the incomplete nature of the variable.

Future research. Research on falls is limited because of the
inability to measure distance fallen directly.® Future research
should focus on prospective multicenter studies examining fac-
tors surrounding falls and explore the interactions between fall
distance and age. This is the first step in developing specific
protocols in the management of older adult trauma patients,
both facility specific and triage guidelines. Further, since the
majority of falls are from ground level, fall prevention outreach
education coordinated by trauma programs should emphasize
strategies to prevent GL falls, with the expectation to reduce
fall-related injuries, comorbidities, death, and burden on the
health care system. Given the high rate of mortality (8.6%) in
this population compared to previous literature utilizing the
National Trauma Databank,* future research should evalu-
ate mortality trends in older adults who have suffered a fall.

CONCLUSION

Fall distance (GL vs > GL) was not a predictor of in-hospi-
tal mortality or likelihood of receiving a neurological consul-
tation in the older adult trauma population. However, older
adults who fell from > GL were more likely to receive ortho-
pedic consults. Older adults who fall from GL have similar
outcomes compared to those who fall from > GL. Similarly,
very old (aged > 80 years) patients have similar outcomes
compared to the old (aged 65 - 79 years). There were no dif-
ferences identified in in-hospital mortality, receiving an ortho-
pedic consultations, or neurological consultation based on age.

As the older adult population increases, patient care burden
also will increase for trauma centers and neurological servic-
es. A better understanding of the population and the mecha-
nisms leading to injuries will aid in the management of the el-
derly trauma patient and appropriate allocation of resources.
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