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Abstract

Introduction Fall from heights is high energy injuries and
constitutes a fraction of all fall-related trauma evaluations
while bearing an increase in morbidity and mortality. We
hypothesize that despite advancements in trauma care, the
overall survivability has not improved in this subset of
trauma patients.

Methods All adult trauma patients treated after sustaining a
fall from heights during a 40-month period were retrospec-
tively reviewed. Admission demographics, clinical data,
fall height (ft), injury patterns, ISS, GCS, length of stay,
and mortality were reviewed.
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Results 116 patients sustained a fall from heights, 90.4%
accidental. A mean age of 37+ 14.7 years, 86% male, and
a fall height of 19 4+ 10 ft were encountered. Admission
GCS was 13 £ 2 with ISS 10 &£ 11. Overall LOS was 6.6
=+ 14.9 days and an ICU LOS of 2.8 £ 8.9 days. Falls > 25
ft.(16%) had lower GCS 10.4 4 5.8, increased ISS 22.6 +
13.8, a fall height 37.9 &+ 13.1 ft and associated increased
mortality (p < 0.001). Mortality was 5.2%, a mean dis-
tance fallen of 39 £ 22 ft. and an ISS of 31.5 £16.5. Brain
injury was the leading cause of death, 50% with open skull
fractures.

Conclusion Level of height fallen is a good predictor of
overall outcome and survival. Despite advances in trauma
care, death rates remain unchanged. Safety awareness and
injury prevention programs are needed to reduce the risk of
high-level falls.

Keywords High-level fall - Fall from heights - Trauma

Introduction

Fall from heights is a familiar source of injury and not
uncommonly is secondary to recreational, occupational, or
intentional causes. Reported as the most frequent mecha-
nism of self-inflicted trauma, these high-level falls com-
pose a considerable portion of preventable morbidity and
mortality [1]. The 50% mortality for deceleration injuries
sustained from free falls is four stories (48 ft. or 14.6 m),
and falls from greater than 60 ft. (18.3 m) almost uniformly
are lethal [2].

In many urban cities, home or building-related falls are
frequently encountered and unfortunately remain the most
common cause of workplace fatalities among residential
construction workers in the United States [3]. Historically
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in the late 1960s, 12% of all deaths under the age of 15
were the result of falls from heights in New York City [4].
An estimated 86,500 balcony fall-related injuries were
treated in US hospital emergency departments from 1990
through 2006, equating to 1.3-2.4 injuries per 100,000 US
resident population [5].

Universally, high-level falls are associated with a con-
stitution of injuries of more than one body region. Not
uncommonly these injuries are unintentional and remain a
public health problem in many metropolitan areas regard-
less of the circumstances. Injury prevention and manage-
ment programs are fundamental to risk reduction strategies
for the community, despite variability in previous published
reports and the correlation between height level and injury
patterns.

The purpose of this study was to assess the association
between height level and injury patterns with in-hospital
mortality as we hypothesize that despite the evolution of
trauma care, the overall survivability has not improved in
this trauma population.

Methods

Following an independent Institutional Review Board
(IRB) approval, a retrospective analysis of the trauma data-
base was conducted during a 40-month period from 2011
to 2014. All high-level fall injuries greater than 17 years
of age treated at Grand Strand Medical Center, a level 11
trauma center in Myrtle Beach, South Carolina, were
evaluated by chart review and a single investigator. Fall
from heights included building or home roofs, balconies,
windows and other high-level falls. All falls from heights
greater than one story level (~10.8 feet or 3.3 m) were iden-
tified; heights under 10 feet (ft) were not considered to be
of significant mechanism or deceleration from a free fall
and, thus, were excluded from this study. All other mecha-
nisms of injury and individuals less than 17 years of age
were also excluded.

Patients were divided into those who fell from a height
of <25 ft. (7.6 m) and were admitted, those who fell from
a height >25 ft. and admitted, and those who were dis-
charged from the emergency room. Admission demo-
graphics, fall height (ft), injury patterns, and physiologic
status on initial evaluation were retrospectively reviewed.
Data collection also encompassed the Glascow coma scale
(GCS) score, Injury Severity Score (ISS), length of stay
(LOS), intensive care unit (ICU) LOS, blood product uti-
lization, and surgical procedures. Collected outcome vari-
ables included complications and mortality. Descriptive
statistics were calculated to determine data characteristics,
with all parametric data reported as mean =+ SD. This along
with a range was provided in both the demographic table
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and results. Continuous variables were compared using a
two-tailed 7 test while categorical variables were compared
by performing a x> or Fisher’s exact test, as appropriate.
A Kruskal-Wallis test was used to compare three subgroup
populations for variables including age, fall height, ISS,
GCS, hemoglobin and systolic blood pressure. All statis-
tical analyses were performed using QI Macros for Excel
(KnowWare International, Inc., 2012, Denver, CO). All p
values of less than 0.05 were considered significant.

Results

During the study period, there were 116 patients who had
significant falls. Eighty-seven patients (74%) required hos-
pital admission. Patients not admitted were found to have
fallen from a height of 15.7 £ 6.7 with a mean ISS of
3.2 + 3.4. The patient population was predominately male
(86%). Mean age was 37 & 14.7 years (range 18-83 years)
with the most common age group being 20-29 years of
age (31%). The overall mean fall height was 19.0 £ 10.4
ft. (range 10.8-70 ft). Accidental falls occurred in 90.4%,
while 9.6% fell purposeful. More than one-third (35%) had
positive blood alcohol levels, a mean of 0.205 mg/dL. Toxi-
cology screen and positive opiate users were more likely
to require surgical intervention (p = 0.007). Women were
more likely to be intoxicated (p = 0.008), a fall height
18 £ 8 ft., and were 1.2 times more likely to require sur-
gery than men.

A significant relationship was seen between the height
of fall at 25 ft. and GCS, a need for a transfusion, and mor-
tality among all comparison groups; with a significant rela-
tionship observed at a fall height of 25 ft. and ISS among
admitted patients. Overall mean ISS was 10 £ 11 (range
1-57) and a GCS of 13 £ 2. Average ISS of falls >25 ft.
was 22.6 £+ 13.8 (mean rank 22) compared to an aver-
age ISS of 9.5 £+ 8.6 (mean rank 8) for falls <25 ft. and
3.2 £+ 3.4 (mean rank 2) for non-admissions, however not
significant (p = 0.167). As the height of fall increased, ISS
increased (Fig. 1). Among admitted patients, the ISS was
significantly higher with heights >25 ft. (p = 0.001). Those
with a GCS of <8 had fallen significantly higher heights
(p < 0.001), a mean fall height of 31 versus 17.3 ft. (GCS
of >9). Blood transfusions were required in 12.9% of all
patients with falls >25 ft. more likely to require a trans-
fusion (p < 0.001). Blood product utilization included:
packed red blood cells 115 U; fresh frozen plasma 20 U;
platelet 13 pack cells. Additional demographics and clinical
data are summarized in Table 1.

Four patients (3%) arrived in shock (systolic blood pres-
sure <90 mmHg), with a mean fall height of 55 £ 17 ft.,
an ISS of 16 (9-24), and a GCS of 6 £ 6 (3-15). The eti-
ology of the hypotension in two patients was related to
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Fig. 1 Injury Severity Score by Injury Severity Score (ISS) by Height (ft.) of Fall
height of fall. Note Post-mortem 50
review and diagnostics not com- -
pleted on patients expiring at 60
and 70 ft. due to early death <0
40
+ O
[X] -
* y=0.3558x+3.1022
A 30| * * + R*=0.1259
*
1
80
Height (feet)
B Indicates a non-survivor 4 Indicatesa survivor
Table1 Demographics, by Total Height <25 Height > 25 Non-admits p
height of fall
n 116 70 17 29
Age 37.1 + 14.7 (18-83) 39.5+16.0 33.0+125 33.8£119 0.010
Gender
Male 100 (86.2%) 59 (843%) 16 (94.1%) 25(86.2%) 0.574
Female 16 (13.8%) 11 (15.7%) 1(5.9%) 4 (13.8%) -
Falls
Accidental 104 (90%)
Purposeful 12 (10%)
Height 19.0 £10.4 (10.8-70.0) 15.7+£43 3794131 157+6.7 <0.001
ISS 10 £ 11 (1-57) 9.5+ 8.6 226+138 32434 0.167
GCS 13 £2 (3-15) 13.9+£28 104 +£58 148407 <0.001
LOS (days) 6.6 + 14.9 (1-129) 59+7.1 209 +33.0 - 0.080
ICU LOS (days) 2.8 + 8.9 (1-68) 20+44 11.5+£197 - 0.064
Vent required 21 (18.1%) 14 (20.0%) 7 (41.2%) - 0.067
Ventilator (days) 11.5 £ 16.3 (1-67) 5555 234 +239 - 0.091
Transfusion required 15 (12.9%) 7 (10.0%) 8 (47.1%) - <0.001
PRBC (units) 8.1 £ 14.9 (0-61) 31+£28 125+198 - 0.238
FFP (units) 1.5 £ 2.1 (0-6) 06+1.0 24425 - 0.098
PLT (pack cells) 09+13(0-4) 09+12 1.0+14 - 0.838
Hemoglobin 14.1 £ 1.6 (6.5-16.8) 139+ 1.7 13.5£22 143+£09 0.003
Systolic blood pressure  138.3 £ 31.3 1423 £25.6 1184 +54.4 140.7 £20.0 0.022
Survived 110 (94.8%) 69 (98.6%) 12 (70.6%) 29 (100.0%) <0.001

hemorrhagic shock and bleeding from pelvic fractures. The
remaining two patients had depressed skull fractures and
significant intracranial hemorrhage, subsequently dying.

GCS glasgow coma scale, ISS Injury Severity Score, LOS length of stay, /CU intensive care unit, PRBC
packed red blood cells, FFP fresh frozen plasma, PLT Platelets

Two patients did arrive in cardiac arrest with one surviv-
ing. Various injury patterns were observed and are summa-
rized in Table 2. Orthopedic (56.3%) and neurospine injury
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Table 2 Number of admitted cases (n = 87) requiring operative
intervention by injury type

Type of injury Cases with identified  Cases of each injury
injury type type requiring operative
intervention (%)
Neurospine 46 45.7
Maxillofacial 9 333
Orthopedic 49 57.1
Thorax 25 72.0
Intra-abdominal 12 25.0

(52.9%) were the most common injuries encountered. Sur-
gical intervention was performed on 37.6% of the admitted
patients and was directly related to the type of injury endured
(p = 0.040). Thoracic injuries were more likely to require
surgical intervention than neuro spinal injuries (p = 0.033;
OR 3.1, 95% Confidence Interval 1.1-8.7). Upper and lower
extremity fractures were 7 times more likely to require surgi-
cal intervention than head injuries (p = 0.001; OR 7.2, 95%
Confidence interval 2.2-23.6). Intra-abdominal injuries were
encountered in 13.8% of the patients, a fall height 25 + 14
ft. Hollow viscus injury occurred in only two patients while
splenic injury (60%) was the most common of the solid
organs (83%) injured followed by kidney (20%). When com-
paring torso injuries, intra-abdominal injuries were signifi-
cantly less likely to require surgical intervention compared to
the thorax (p = 0.012). Height of fall was not an influential
factor in requiring surgical intervention.

Overall mean LOS was 6.6 &+ 14.9 days (range 1-129)
and an ICU LOS of 2.8 + 8.9 days (range 1-68) in 33
patients, with average ventilator days of 11.5 + 16.3 days.
On average, total LOS, ICU LOS, and ventilator days were
longer among males. In comparison between gender: total
LOS of 7.2 £ 16.0 versus 3.4 £ 3.6 days (p = 0.046); ICU
LOS 10.8 £ 15.0 versus 3 & 1.0 days (p = 0.009) and venti-
lator days of 12.5 & 16.8 versus 1.5 £ 0.7 days (p = 0.011).

Brain injury was the most common cause of death, 50%
sustaining depressed skull fractures. In-hospital mortality
was 5.2%, a mean distance fallen of 39 & 22 ft., an ISS
of 31.5 £+ 16.5, a base deficit —6.4 + 7.7, and a pH of
7.19 £ 0.24. Patients falling >25 feet patients were more
likely to die in comparison to falls <25 ft. (p < 0.001) and
non-admissions. However, one patient survived a fall of 65
ft., sustaining multiple injuries with an ISS of 24.

Discussion
The use of the distance of a fall as a predictor of severe

injury has been established as part of the trauma field tri-
age. The American College of Surgeons recommend that
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patients injured in falls from heights greater than 20 feet
need to be evaluated at a trauma center and commonly rep-
resent a significant portion of trauma hospital admissions.
Our state and regional protocol mandates fall victims of
greater than 20 feet be transfered to nearest trauma center.
Historically, the median lethal dose (LD50) for falls is four
stories, or 48 ft., and the lethal dose for 90% (LD90) of test
subjects is seven stories, or 84 ft [2, 6]. In our study, the
lethal dose at three stories correlated with 30% of patients,
as 18 total patients fell greater than 30 feet with five expir-
ing during their hospitalization.

Over a 10-year period, Demetriades et al. demonstrated
high-level falls (>15 feet) occurring in 2.3% of trauma
admissions [7]. Their triage protocol mandates transfer of
victims of falls >15 ft. to designated trauma centers for
evaluations [7]. Longer hospitalizations were observed
when the victims were over 55 years of age, and an
increased mortality seen in patients greater than 65 years
of age [7, 8]. Understanding the injury patterns and early
institution of subspecialty surgical care is imperative for
improved outcomes. Overall prognosis of high-level falls
remains multifactorial and clinical management can be
challenging with increased fall height.

The distance fallen is considered a dominant factor influ-
encing vertical deceleration injury patterns but variability
exist in the literature with severity of injury and height
fallen. Simmons et al. used a threshold of 20 feet to predict
major trauma (ISS > 15) however, Goodacre et al. reported
that the height of fall was an isolated variable and a poor
predictor of injury severity and did not identify a height
threshold [9, 10]. Our results found a significant relation-
ship between the height of fall greater than or equal to 25
ft. with correlation to ISS, GCS, transfusion requirements
and risk of death.

Other components that play a critical role impacting
injury severity include: the landing surface, fall orientation,
elasticity and viscosity of tissue upon contact [7, 11-13].
The extent of injury and the likelihood of survival by a cer-
tain degree are dependent on body position at impact and
predicted by its center of gravity in the upper torso. [10,
12-17] The deceleration force to which the body is sub-
jected is proportional to the velocity of impact. The kinetic
energy increases due to acceleration during the fall and is
maximum at the moment of impact [12, 13].

In our study, brain injuries were the most common cause
of death while spinal fractures, particularly the lumbar
spine, were one of the most frequent injuries encountered.
We identified 17 patients with spinal fractures, with tho-
racic spine the least common occurrence. The incidence
of spinal fractures remains high with high-level falls and
commonly occurs at the thoracolumbar junction [11, 17,
18]. Velmahos et al. series found more than two-thirds had
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spinal trauma confined to the T12 to L5 region [11]. Adher-
ence to spinal precautions and a thorough neurologic exam-
ination is crucial. Scalea et al. reported unstable spinal
configuration in thirty-seven percent of patients with para-
plegia as a common presentation [18]. At our institution,
computed tomography scans are generally completed as
part of our radiographic workup to identify spinal fractures.

The presentation of skeletal injuries after a significant
fall is expected with an overall incidence as high as 80%
[11, 17, 18]. Orthopedic injuries are heavily influenced by
the site and position at impact. In this series, upper and
lower extremity fractures were more likely to require sur-
gical intervention when compared to head injuries. Early
operative fracture stabilization and coordination of ortho-
pedic surgical services can lead to improved outcomes,
decreased short-term morbidity, early mobilization, and
shorter hospitalization. Despite our low incidence of pel-
vic ring fractures, buttock type landings are associated with
pelvic fractures in as many as 80% of cases and vertebral
injuries in approximately 50% [19]. We suspect our lower
incidence is directly related to the kinematics of the falling
body and final position at impact.

In our series, intraabdominal organ injuries occurred
in 13.8%, higher than previous published reports with
similar fall heights of >25 ft. but these injuries were not
the predominant cause of death compared to other series
[11, 18, 20]. Reported hollow viscus injuries on the other
hand remain a low occurrence [7, 11]. Other injuries well
described in the literature include extra-skeletal injuries:
retroperitoneal bleeding, vascular and pulmonary injuries.

Mortality, anatomic distribution and the severity of
injury increase with age with high level falls [7, 8]. Age,
alcohol intoxication, and height of fall were principle deter-
minants in this series for increased risk of injury with a
direct correlation found between alcohol and gender. Not
uncommonly when screened, alcohol intoxication and
illicit drugs play a significant role in fall etiology [11, 21].
Recognizing injury patterns after fall from heights facili-
tates and improves the assessment and management of fall
victims, reflecting a decreased LOS, and overall morbidity
and mortality. This study has some limitations; it is a ret-
rospective study and the out-of-hospital mortality rate was
not taken into account as well as variables like comorbidi-
ties of the patients. Post-mortem review and diagnostics are
not completed, leaving undetected injuries in those suffer-
ing an early death upon arrival to our institution. Further-
more, details of the surface of impact or circumstances sur-
rounding the fall were not assessed but could provide more
insight in the injury patterns we encountered.

In summary, heights > 25 ft. determine the increased
severity of injury and likelihood of death, and mandate
care by a specialized trauma team and preparedness by
first responders. These high-level falls are a predictor of

increased ISS, lower GCS, longer LOS, and the need for
transfusions. A high index of suspicion and an understand-
ing of potential injuries associated with level of height
fallen are a good predictor of overall outcome and survival.
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