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Abstract
Background

Falling from a height of under 2 meters (low fall) is the most common mechanism of injury
causing major trauma in Ireland. This presentation encompasses a wide patient cohort, from

paediatric sport injuries to elderly falls.
Aims

Our aim is to characterise major trauma resulting from a low fall, and its various sub-
populations, to identify preventative strategies and care pathways to improve outcomes for

patients.
Methods

The Trauma Audit and Research Network (TARN) which is used to provide Major Trauma
Audit was used to retrospectively identify patients presenting to the Cork University Hospital

Emergency Department with trauma resulting from a low fall from January 2015 to June 2018.
Results

The database returned 1066 qualifying cases (49.3% of cases in the time period), with a mean
age of 67.3 years (SD=21) and a median age of 71.3 years (IQR=23); 44% were male.
‘Mechanical falls’ accounted for n= 513 (48%) of low fall injuries, followed by ‘stationary
falls’ n= 265 (25%). Injuries occurred most often at home n = 515 (48%), followed by public
places n= 208 (19.5%). The most severely injured body region was limbs n=526 (49.3%),
followed by head n=253 (23.7%). The number of patients with Glasgow Outcome Scores of 4
(moderate disability) and 5 (good recovery) were n=488 (45.8%), and n =390 (36.6%).

Conclusions

Low falls occur in patients over 55 years of age; many do not return to independent living.
Wait times to initial assessment, length of hospital stay, and mortality increase with age.

Mechanical falls at home are the most common cause of low-fall major trauma.
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Introduction

Falling from a height of under 2 meters is the most common mechanism of life threatening or
life changing injury in Ireland[1]. Research has shown that this presentation encompasses a
wide age demographic, from paediatric sport injuries to elderly falls, includes all
socioeconomic classes, and is not discriminatory for previous mental and physical health [2]-
[6]. The World Health Organisation in 2018 identified the elderly as the most at-risk group for
fatal falls, and stated that over 37 million non-fatal traumatic falls occur worldwide every year,
resulting in over 17 million disability-adjusted life years (DALYs)[7]. The Major Trauma
Audit 2017 national report described that 57% of major trauma patients in Ireland in 2017 had
a low fall as their mechanism of injury[8]. This report, and many others recently published,

highlight that increasing focus on low falls prevention will be of significant benefit.

Previous research into low falls has focused on specific sub-populations, commonly elderly
falls[1], [9]—[13] or head injuries [11], [14]. These subsets are important, as they represent parts
of the low falls population that should be targeted for early identification and have potential
for different initial management. However, sub-population research is most effective when the
full population has first been assessed. As society changes and evolves, definitions regarding
age categorisation, capability, and comorbidity change to reflect longer life and evolving
healthcare [15]. Because health status, especially for the aging population, is in flux, it is
important not to rely solely on previous definitions (such as categorising all patients over 65 in
an ‘elderly’ cohort) and instead take a comprehensive snapshot of the entire population, letting

the data define at-risk populations.

The aim of this study is to characterise the low-fall patient population and the injuries they
sustain to quantify the burden on local health services and to help identify preventative
strategies. We will specifically sub-categorise paediatric (under 18), adult (18 to 64), and older

adult (over 65) patients.
Methods

Data Collection

Data for this study came from the major trauma audit (MTA) at Cork University Hospital. The

MTA describes the care and clinical outcomes of patients who experience major trauma in



Ireland [8]. The National Office of Clinical Audit has engaged the internationally recognised
Trauma Audit and Research Network (TARN) to provide its methodological approach for
MTA in Ireland [16], [17]. TARN has been in operation in the UK since the 1990s and has
been at the forefront of quality and research initiatives in trauma care [17]. MTA commenced
in Ireland in 2014; all 27 trauma receiving hospitals in Ireland are now contributing data with
a national data coverage rate of 86% that has grown incrementally, and an excellent national
data accreditation rate of 97% meaning the quality of the data collected is very high [17].
Operationally, data is gathered from the patient’s hospital and ambulance records, radiology
reports, hospital information systems etc and entered on the TARN portal by trained data
collectors at the hospitals; injury severity coding is performed by trained coders on anonymised

data at TARN Headquarters in Manchester.

As part of this research module the student is provided the MTA TARN training (0.5 day) and
then, under the supervision of the local data co-ordinators, performs 40 hours of data
acquisition and enters this onto the TARN portal. The student is then provided a trauma data

set of patients who have attended CUH (i.e. not the national data set) for their trauma care.

TARN captures the care of traumatically injured patients whose lengths of stay are 72 hours or
more, or who are admitted to a high dependency area, or who die after arrival to hospital, or
who are transferred to another hospital for specialist care, and whose injuries meet specific
criteria relating to bodily location [8]. Of note, TARN does not capture deaths that occur
prehospital. Major trauma is defined as patients with an injury severity score (ISS) of 15 or
greater and constitutes potentially life threatening injury; TARN also collects data on patients
with lower ISS who meet TARN inclusion criteria for MTA and constitutes potentially life

changing injury.
Patient Outcomes Measured

Patients’ overall disability outcome is scored using the Glasgow Outcome Score (GOS). The
GOS is a five-point scale for measuring neurological recovery six months after traumatic brain
injury [18]. The five points on the scale (at six months post-injury) are: death, permanent
vegetative state, severe disability (conscious but disabled and reliant on daily supports),
moderate disability (disabled but independent and functional in a sheltered setting), and good

recovery (return to pre-injury conditions) [ 19]. Beyond its initial role for assessing neurological



recovery, the GOS can be used as a snapshot measure of patient disability status at discharge,

which is how it is used in TARN.

The abbreviated injury score (AIS) and Injury Severity Score (ISS) are validated scoring
systems used internationally to quantify the severity of injury. The AIS is a scale for measuring
individual injuries, on a scale of 1 to 6 (Minor, Moderate, Serious, Severe, Critical, Maximal)
[20]. There are nine body regions defined in the AIS: Head, Face, Neck, Thorax, Abdomen,
Spine, Upper Extremity, Lower Extremity, External and other. The ISS uses the highest AIS
value for each of six regions (Head/neck (including cervical spine), Face, Thorax (including
thoracic spine), Abdomen (including lumbar spine), Extremities (including pelvic girdle),
External) [21]. The three highest AIS scores are each squared, then added together (A? + B? +
C?= 75 max). If any of the three scores is a 6 (un-survivable), the ISS is automatically set at
75. These two scoring systems together are internationally recognised as the method of
retrospective injury quantification, and as such are the best practice when comparing trauma-
related patient data. Unfortunately, not all studies relating to traumatic low falls report AIS and

ISS data, making compilation and meta-analysis impossible.

Paediatric patients are defined as being under 18 years of age. Adult patients are 18 to 64.9
years of age. Older adult patients are 65 and above. The incident description definitions are
novel to this study. Here, a stationary fall is defined as a fall from standing, sitting, or from
bed. A collapse is included in the category of a stationary fall because a collapse is a fall from
standing, as such the physical mechanism is the same. A mechanical fall is defined as a fall
whilst walking on flat ground. Fall descriptions such as “trip” and “slip” are categorised as
mechanical falls. An athletic fall is a fall whilst moving faster than walking, e.g. fall due to
sports injury [22]. Falls whilst ascending versus descending stairs are defined individually, due
to the difference in physical mechanics and therefore potential injury patterns [23]. From a
biomechanics perspective, a fall when ascending stairs involves a more controlled fall forward,
with wrists taking a majority of the impact [24]. A fall whilst descending stairs has higher
potential for head and back injury, as well as increased momentum towards the bottom of the
staircase, leading to a higher potential for serious injury [24]. A fall due to external forces on
the body (e.g. a fall from a horse, or fall due to impact inflicted by another person) involves an
uncontrolled element of surprise and lack of bodily control, leading to higher risk of injury
[25]. An impact fall is a fall from a height, where there is a change in elevation between

initiation and completion of fall, other than a fall on stairs. Seizure-induced falls are separated



from stationary and mechanical falls due to the lack of bodily control leading to higher risk of
serious injury [25]. These categories are subject to paramedic report detail and handwriting

legibility.
Data Analysis and Ethical Approval

Data analysis was completed using RStudio and the Tidyverse Datascience package. Tables 1,
2, and 3were created using the Create Table One function in Rstudio. Figures 1 and 2 were
created using the Bar Chart function in Rstudio. Single factor ANOVA tests were run on

Length of Stay and Wait time criteria, and a Z-test was used for mortality distribution data.

Ethical approval for this research was acquired from the Clinical Research Ethics Committee

of the Cork Teaching Hospitals on 19 June 2018. No funding was sought for this project.
Results

Population Trends

1066 (49.3%) patients presented to the CUH Emergency Department subsequent to a low fall
between 1 January 2015 and 30 June 2018, out of 2162 sustaining potentially life threatening
of life changing trauma captured on the MTA. The data capture for CUH for the years included
in this study are as follows: 2015 had an 80% case ascertainment percentage, with 556 cases
approved and 97.3% accreditation; 2016 had an 83% case ascertainment percentage, with 607
cases approved and 97.8% accreditation; 2017 had a 93% case ascertainment percentage, with
647 cases approved and 99.7% accreditation. Case ascertainment was calculated using the

Hospital In-Patient Enquiry (HiPE) system and a sequence inclusion code provided by TARN.

Table 1 outlines the demographics of our population, divided into the three age groups. Of
note, 78.8% of the cohort arrived by ambulance, the median GCS on arrival for all three age
groups was 15, the median ISS for all age groups was 9, and limbs were the most severely
injured body region for 49.3% of the cohort. The single-factor ANOVA test for wait times
showed a significant difference (p=6.0x10*) among the three age groups. Figure 1 extrapolates
on the demographics in Table 1, showing a more precise age and sex distribution of the cohort,

in 10-year age groups.

Patient Outcomes



Table 2 delineates the outcomes for the cohort in more detail. The single factor ANOVA test
for length of stay showed a significant difference (p=9.1x10-5) among the three age groups. Of
note, 79 (7.4%) patients were dead at 30 days after admission, 190 (17.8%) patients were
discharged to nursing homes, and 488 patients (45.8%) had a GOS of 4 (moderate disability)
at discharge. 116 (61%) of the nursing home discharges were new admissions to nursing home,
based on the difference between incident location and discharge location. Figure 2 shows the
same 10-year age groups stratified by most severe injury, as reported by each patient’s AIS.
The TARN database records both individual AIS scores for body regions, and the over-all ISS
for that patient. For patients with one injury that has a higher AIS score than any other, that
was taken as the most severe injury. Where multiple injuries had the same highest score, these
patients were categorised as “multiple”. The majority of most severe injuries in all but one

group is limbs. All six patients in the infant group had primary head injuries.
Incident Analysis

Table 3 shows the results of our novel incident analysis. There were 515 (48.3%) of the cohort
who fell at home. Fall location was not specified in 299 (21.5%) cases. As nearly half the
population fell at home, we further segmented the “home” category by room, where possible.
The three commonly reported rooms were the bathroom, bedroom, and kitchen. Only 110
(10.3%) patient reports included details beyond a general “home” location. Incident reports for
the impact surface were also analysed. There was a lack of detail for 602 (56.5%) reports that
did not include these specifics, but where reported they are represented in Table 3. Notably,

105 (10%) patients had consumed alcohol prior to their fall.
Discussion

Our results highlight a number of important trends in this cohort. Firstly, there is a significant
level of morbidity associated with this population, rather than a high risk of mortality. Wait
times, length of stay, and risk of fall increase with age. Secondly, our enquiry into the details
of the incident shows that mechanical falls and stationary falls most commonly lead to major
trauma low falls. Falls at home are the most common location for a low-fall major trauma

across adult and older adult cohorts.

Morbidity



Our population was 56% female, with the ratio of female-to-male cases increasing with age, as
shown in Figure 1. The number of presentations in the adult population (18-64) was much less
than that of the older adult population (65 and older), and the highest number of cases occurred
in the 75-85 year old group. This suggests that the adult population (particularly 55-65 year

olds) is at higher risk of traumatic low falls than previously reported.

The demographic analysis of this population suggests that low-fall patients are at a high risk
of long-term morbidity rather than mortality. The median GCS on arrival for the entire
population was 15, with no interquartile differences (Table 1). Of this population 90.6% had a
mild GCS (13-15). Additionally, the median ISS was 9 (moderate severity) for all three age
categories, with 50.3% of the entire population presenting with injuries significant enough to
have an ISS between 9 and 15. When combined, these data describe a cohort of patients that

have moderately severe injuries without a concurrent drop in level of consciousness.

It is important to note that there is no over-representation of ISS scores greater than 15, and
only 79 patients (7.4%) were dead at 30 days after discharge. This is a surprisingly low
mortality rate for a major trauma population. As expected, due to the body mechanics involved
in falling from standing or low heights, the most common severely injured body regions were

the limbs.

Analysis of the discharge locations showed that 61% of nursing home discharges were new
admissions to nursing home (when compared to the incident location). The most common GOS
at discharge for both the adult and older adult populations is 4 (moderate disability), which

shows a potentially life-altering level of morbidity for the adult population.
Home is dangerous

Our novel analysis of the details surrounding the fall (description of fall mechanics, location
of fall, and impact surface) have highlighted the danger of falling at home, the importance of
specific places within the home, and the various surfaces that could cause the most problems.
48.3% of the population fell at home, with 54.1% of older adult patients falling at home. Further
analysis showed that the bedroom, bathroom, and kitchen are the most likely locations for a
fall. While this finding is not unexpected, it may serve to inform future public health measures
to protect this population. Concrete and tile were the most common impact surfaces; ubiquitous

materials used in home flooring particularly in the aforementioned rooms. More detailed



incident reports are required to make further inferences with regards to the locations within the

home and the impact surfaces.

Our results highlight the importance of a comprehensive and detailed population analysis, as
we are able to identify age group specific morbidity. This study has gone into more detail on
the incident mechanism and location than previously published. The most at-risk population is
the over-55 population, and our preliminary data suggests that particular attention should be

paid to slipping and falling on tiled surfaces in the home and when getting in or out of bed.

Given this information, possible initial public health consideration could work towards
increased access to panic buttons (and possibly decreased age for eligibility of panic buttons),
home safety with regards to phone locations and railing placement, and evaluating the grip on

shoes marketed to older adults.

The strengths of this study include the numbers of patients in the study (1066 patients over 3.5
years), and the reliability of the data. The data capture for CUH for the years included in this
study meet and exceed the yearly goals set by the National Office of Clinical Audit. Some
limitations to be considered include how specifically defined this population is, as only cases
that met the TARN inclusion criteria could be accepted in the study. Therefore, this study is
analysing a biased and skewed ‘major trauma snapshot’ of the even larger overall low-falls
population. Specifically, the TARN inclusion criteria exclude single-limb injuries. With a
larger dataset, we hope to be able to differentiate between an older adult cohort (55-75) and an
elderly cohort (>76). With the current dataset there are not enough patients to yield significant
differences. The GOS is measured at discharge for this cohort, where we would get a more
accurate image of patient recovery with a GOS taken 3 months after discharge. The detailed
incident analysis was limited to what specific information relating to the fall event was present
in free-text paramedic reports, as transcribed to the database, so there are missing data
regarding the location of the fall, location within the home, and the surface upon which the
patient fell. While this is not data we expect to collect robustly on every patient, we need a

larger cohort of patients to gain any statistical significance in relation to these data points.

Our results demonstrate in detail the demographics and circumstances of the traumatic low fall
population in one hospital. It re-emphasises the high proportion of older adult and elderly
patients presenting with low falls [10], [12], [13]. In agreement with previous studies, high ISS

and low GCS have been shown to correlate with mortality [10],[12], [26]. However, in contrast



to previous studies which reported head and spine injuries as most common, we found limb

injuries to be most prevalent [1], [11], [13], [14].
Conclusion

The population presented in this study is primarily middle-aged to elderly (55-85) and female,
suffering significant morbidity as a result of their traumatic low-fall injuries. Wait times, length
of stay, and mortality increase with age. Research into the details of the incident shows that
mechanical falls at home are the most common cause of low-fall major trauma. These results
confirm the current understanding of trends in low falls and provides the first complete report

of this population in Ireland.
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