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a b s t r a c t

Purpose: Spinal injuries resulting in neurological damage cause significant morbidity. Swift neurosur-
gical intervention can mitigate negative outcomes. However, variable mechanisms of injury may be
associated with inappropriate transport (IAT), which may delay necessary surgical interventions. Patients
with near shore spinal injuries (NSSI) presented with unique mechanisms, so we investigated factors
associated with IAT in patients with NSSI.
Methods: We performed a multicenter retrospective study of all adult patients transported from a beach
resort to 3 hospitals for suspected NSSI between 2006 - 2017. We excluded patients transferred to other
facilities, and those not injured in the water. Primary outcome was IAT, defined as patients with NSSI
requiring transfer to another trauma center. To avoid heterogeneity in our analysis, we further excluded
patients without NSSI who were inappropriately transported to a level I trauma center. We used
multivariable logistic regression to assess association of independent variables (such as demographic,
environmental, and clinical factors) with outcome.
Results: We analyzed 278 patients with suspected NSSI, and found 14 (5.0%) had IAT. Compared to
appropriately transported patients, diving was associated with higher percentages of IAT (28.6% vs. 3.9%,
p ¼ 0.014) and more were transported by air (50.0% vs. 20.6%, p ¼ 0.01). In multivariable regression,
patients’ oxygenation saturation (odds ratio [OR] ¼ 0.8, 95% confidence intervals [CI]: 077e0.98) and
diving (OR ¼ 7.5, 95% CI: 1.2e46) were significantly associated with IAT.
Conclusion: Rate of IAT for patients with NSSI was low. However, first responders and emergency
medicine providers should be aware that diving is associated with a higher likelihood of IAT.
© 2021 Chinese Medical Association. Production and hosting by Elsevier B.V. This is an open access article

under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
Introduction

Beaches are popular tourist sites for recreational activities. A
recent study suggested that overall beach injuries range from 1.3%
to 12% of beachgoers.1 Traumatic spinal injury, one of the most
feared beach injuries, is significantly associated with burden when
resulting in neurologic damage.2

A previous study showed early surgical intervention for spinal
cord injury was associated with improved recovery of neurological
deficits.3 Unfortunately, patients who required interhospital
transfer were more likely associated with delayed surgical
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interventions. Therefore, early detecting and appropriately trans-
porting patients to a facility with neurosurgical capability is crucial
in determining outcomes. However, there is a balance for first re-
sponders and transport teams to decide where to transport pa-
tients. Bringing patients without injuries to a faraway trauma
center, especially by air, may increase cost to patients and society.4

On the other hand, transporting patients with significant injuries to
local non-trauma emergency departments (EDs) may delay
necessary interventions.

The current Maryland Institute for Emergency Medical Services
Systems transport protocols dictate that any patient with para-
plegia or quadriplegia be taken to a local trauma center.5 Additional
trauma transports include patients with high-energy/high-risk
mechanism, or elderly patients (>55 years) with low-impact
mechanism. Maryland Institute for Emergency Medical Services
Systems Guidelines do not directly address transport protocols
such as air or ground transport. No transport protocols for signs and
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symptoms regarding near shore spinal injury (NSSI) exist. Because
NSSI involves a relatively low-speed mechanism, it is likely that
inappropriate transport (IAT) is more frequent when compared to
high-speed mechanisms like motor vehicle collisions.

Our study aimed to investigate the incidence and factors asso-
ciated with IAT in patients sustaining NSSI at one of our state's
popular beach resorts. We evaluated the transport patterns of pa-
tients from the beach in Ocean City, Maryland to nearby hospitals
for suspected spinal injuries. The Ocean City Beach Patrol (OCBP)
guards the 9-mile shoreline every day from May to September and
collects data regarding thousands of injury reports during the
season. Most trauma patients from Ocean City's beach are trans-
ported to one of three hospitals: Atlantic General Hospital (AGH), a
non-trauma center 13 km from the beach, Peninsula Regional
Medical Center (PRMC), a Trauma Level II 50 km from the beach,
and University of Maryland Shock Trauma Center (STC), a regional
Level I trauma center 220 km from the beach.

Methods

Study settings

This is a multicenter retrospective study of all adult patients
transported from the beach in Ocean city, Maryland to one of three
hospitals for evaluation of suspected NSSI. Patients transported to
one of the study hospitals from the beach for evaluation of sus-
pected NSSI between 2006 and 2017 were eligible. Our study was
approved by the Institutional Review Board at STC, PRMC and the
Ethics Committee at AGH.

We first obtained data from the OCBP's database of all incidents
from 2006 to 2017. From the database, we identified patients' de-
mographic data, mode of transport from the beach, date and time of
transport, and name of the destination hospitals. We subsequently
followed these patients to the corresponding transport location and
matched them with the records at the destination hospitals.

Clinical data were collected from the initial receiving hospitals’
ED records, including vital signs, history of present illness, past
history of spinal disease (e.g., spinal stenosis, osteophytes), and
results from physical examinations and imaging studies. Spinal
injury was defined as any damage to the spinal bones, ligaments, or
cord as detected on CTor MRI. Spinal cord injury was defined as any
contusion, hematoma, or transection of the cord. Muscle strains
were not considered spinal injury for this study.

Patient selection

Adult patients were eligible if the OCBP incidence reports
described any neck/back stabilization (c-collar, backboard), any
complaints of neck or back pain or numbness/tingling of extrem-
ities. Patients were excluded if they had cardiac arrests because we
were interested in identifying patients’ chief complaints and
physical findings as predictors of IAT. Additionally, patients were
excluded if records were missing or they were transported to
hospitals other than AGH, PRMC, or STC.

Data collection

The investigators travelled to the sites to collect data from each
hospital. One investigator, who was not blinded to the study hy-
pothesis, was trained by the principal investigator for data collec-
tion. Data were collected using a standardized Microsoft Access
database (Microsoft Corporation, WA). Data regarding spinal in-
juries were double-checked by the principal investigator. Discrep-
ancies were resolved by agreement among the investigators.
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Outcome

Primary outcome was the incidence of IAT of patients with
spinal injuries. IAT was defined as a patient with spinal injury who
required transfer to a second hospital for higher level of manage-
ment. Patients without spinal injury whowere initially transported
to a higher-level center represented another form of IAT, but we
excluded these patients in the analysis due to concerns of hetero-
geneity among these two populations.

Statistical analysis

We did not perform sample size calculation as the true inci-
dence of IAT in this unique patient population is unknown. We
remedied the situation by trying to include all possible patients
from multiple hospitals and as far back as records were available.

We first used descriptive data to compare characteristics of
patients with appropriate and IAT. Continuous data were expressed
as mean and SD or median and interquartile range (IQR) as
appropriate. Student t-test or Mann Whitney U test was used to
analyze groups’ means or median as appropriate. We used Chi-
square with Yates correction to analyze categorical data.

We performed a multivariable logistic regression to assess the
association between patients' demographic and clinical factors and
our primary outcome. To identify relevant independent variables
for the multivariable logistic regression, we first performed uni-
variate logistic regression for each independent factor and the
outcome. In addition to a priori-determined clinically significant
factors, we added those independent variables with p value � 0.10
into ourmultivariable logistic regression. The goodness-of-fit of our
multivariable logistic regression model was assessed by the
Hosmer-Lemeshow test. Modelling with Hosmer-Lemeshow test's
p value > 0.05 was considered good fit. All data were analyzed by
Minitab version 18 (State College, PA, USA). Data with two-sided p
value < 0.05 were considered statistically significant.

Results

Patients’ demographic characteristics

Over the 12-year period, the OCBP database identified 640
suspected spinal injuries in adult patients. Among 445 patients
being transported to hospitals for evaluation, 442 were transported
to the 3 study sites. We included 278 patients with sufficient
medical records for analysis. We excluded 162 patients, of whom
156 did not have sufficient records, and 6 were unable to report
symptoms. Fig. 1 shows the patient selection diagram.

There were 14 (5.0%) patients who had spinal injury and were
inappropriately transported. Characteristics of patients with
appropriate transport vs. IAT were similar (Table 1). Mean age (SD)
for inappropriately transported patients was 46 (18) years
compared with 42 (14) years for appropriately transported patients
(p ¼ 0.30). Percentage of male patients was similar between inap-
propriately transported group (92.9%) vs. appropriately transported
group (76.3%) (p ¼ 0.20). There was higher percentage of patients
who sustained injuries after diving in the inappropriately trans-
ported group (28.6%) vs. the appropriately transported group (3.9%)
(p < 0.001).

Patients’ clinical characteristics

Patients who were inappropriately transported had higher rates
of any spinal injury (100.0% vs. 34.2%, p < 0.001) (Table 2) or any
spinal injury at the cervical level (85.7% vs. 28.4%, p < 0.001).



Fig. 1. Patient selection diagram. OCBP: Ocean City Beach Patrol; ED: emergency department.

Table 1
Comparison of demographic and environmental factors between patients whowere inappropriately vs. appropriately transported for evaluation of suspected near shore spinal
injuries.

Variables IAT (n ¼ 14) Appropriate transport (n ¼ 257) p value

Age (years), mean (SD) 46 (18) 42 (14) 0.31
Gender, n (%) 0.20
Male 13 (92.9) 196 (76.3)
Female 1 (7.1) 61 (23.7)

Race, n (%) 0.23
White 10 (71.4) 222 (86.4)
Non-white 4 (28.6) 35 (13.6)

Distance from home zip to first hospital (km), mean (SD) 230 (132) 266 (338) 0.69
Home zip median income, (in 1000s), mean (SD) 71.4 (24) 78.4 (23) 0.26
Transport during rush hour, n (%) 4 (28.6) 38 (14.8) 0.47
Transportation mode, n (%) 0.02
By air 7 (50.0) 53 (20.6)
By ground 7 (50.0) 204 (79.4)

First hospital of transport, n (%)
Non-trauma ED 6 (42.9) 130 (50.6) 0.70
Level II trauma center 8 (57.1) 92 (35.8) 0.24
Regional level I trauma center 0 35 (13.6) NA

Time to appropriate facility (min), median (IQR) 329 (299e381) 59 (46e70) <0.001
Water activities, n (%)
Body surfing 5 (35.7) 110 (42.8) 0.76
Boogie boarding 3 (21.4) 85 (33.1) 0.66
Shallow water diving 4 (28.6) 10 (3.9) <0.001
Swimming 1 (7.1) 19 (7.4) 0.99
Other (rafting, standing) 1 (7.1) 33 (12.8) 0.86

Shore break waves, n (%) 11 (78.6) 206 (80.2) 0.95
Water temperature (�C), mean (SD) 22 (2) 22 (2) 0.99
Wave heights (meters), mean (SD) 1 (0.4) 0.9 (0.3) 0.23

Note: Shore break waves refers to waves that crash directly on the shore as opposed to over deep water.
Bolded p value denoted statistical significance.
IAT: inappropriate transport; NA: not available; ED: emergency department; IQR: interquartile range; SD: standard deviation.
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The median time interval from injury to appropriate facility was
significant longer for inappropriately transported patients at
329 min (IQR: 299e381), compared with 59 min (IQR: 46e70,
p < 0.001) for appropriately transported patients. Inappropriately
transported patients were also more likely to be transported by air
(50.0% vs. 20.6%, p < 0.01).
Variables associated with IAT

Our multivariable logistic regression (Table 3) revealed 2 factors
associated with IAT. Patients who sustained injury after shallow
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water divingwas associatedwith a significantly higher likelihood of
IAT (odds ratio [OR] ¼ 7.5, 95% confidence intervals [CI]: 1.2e46,
p ¼ 0.042). Patient who presented with higher oxygen saturation
was associated with 80.0% less likelihood of IAT (OR ¼ 0.8, 95% CI:
0.77e0.98, p ¼ 0.047).
Discussion

The rate of IAT in our patient population was small, with over
92% of patients appropriately transported to their first destination
hospital. However, our study identified 2 factors associated with



Table 2
Comparison of clinical factors between patients who were inappropriately vs. appropriately transported for evaluation of suspected near shore spinal injuries.

Variables IAT (n ¼ 14) Appropriate transport (n ¼ 257) p value

ESI, median (IQR) 3 (2e3) 3 (2e3) 0.99
Triage SBP, mean (SD) 142 (26) 139 (22) 0.62
Triage HR, mean (SD) 77 (19) 76 (14) 0.80
Triage pain, mean (SD) 6 (4) 5 (3) 0.23
Triage GCS, median (IQR) 14 (3) 15 (1) 0.002
Triage RR, mean (SD) 17 (5) 18 (3) 0.24
Triage SpO2, mean (SD) 96 (5) 98 (2) 0.001
Triage temperature (�C), mean (SD) 37 (1) 37 (0.5) 0.99
Shock indexa, mean (SD) 0.6 (0.2) 0.6 (0.1) 0.99
Pre-existing spinal cord conditions, n (%) 6 (42.8) 110 (42.8) 0.99
Spinal injuriesc, n (%)
Any spinal injuryb 14 (100.0) 88 (34.2) <0.001
Cervical spine 12 (85.7) 73 (28.4) <0.001
Thoracic spine 1 (7.1) 9 (3.5) 0.89
Lumbar spine 2 (14.3) 8 (3.1) 0.55

Any spinal cord injuryb 1 (7.1) 40 (15.6) 0.81
Cervical spine 1 (7.1) 38 (14.8) 0.83
Thoracic spine 0 (0) 0 (0)
Lumbar spine 0 (0) 2 (0.8)

Chief ED complaintsb, n (%)
Pain 9 (64.3) 191 (74.3) 0.51
Numbness or tingling 4 (28.6) 74 (28.8) 0.99
Weakness or paralysis 4 (28.6) 33 (12.8) 0.40
Loss of consciousness 1 (7.1) 22 (8.6) 0.95

Location of symptomsb, n (%)
Head (pain) 1 (7.1) 40 (15.6) 0.81
Back (pain) 0 (0) 48 (18.7)
Extremities (pain/tingling) 6 (42.9) 85 (33.1) 0.62
Neck (pain) 7 (50.0) 101 (39.3) 0.57

Bolded p value denotes statistical significance.
IAT: inappropriate transport; ESI: emergency severity index; IQR: interquartile range; SBP: systolic blood pressure; HR: heart rate in beats per minutes; SD: standard de-
viation; GCS: Glasgow coma scale; RR: respiratory rate per minute; SpO2: pulse oximeter measuring oxygen saturation in percent; ED: emergency department.
Note:

a Shock index was calculated from lowest systolic blood pressure and concurrent pulse during ED stay.
b One patient may have more than one condition.
c Diagnosed at hospital via radiographic evidence.

Table 3
Multivariable logistic regressions assessing association between clinical factors and inappropriate transport of patients with suspected nearshore spinal injuries.

Variables Univariate analysis Multivariable analysis#

OR 95% CI p value OR 95% CI p value

Transport type - air 3.6 1.2e11 0.024 2.9 0.8e11 0.12
Presenting SpO2 0.78 0.6e0.91 0.006 0.80 0.77e0.98 0.047
ED complaint
Numbness or tingling* 0.97 0.3e3.2 0.96 0.71 0.17e3.1 0.64
Weakness or paralysis* 2.6 0.8e8.8 0.15 0.63 0.4e11 0.75
Loss of consciousness* 0.77 0.1e6.1 0.79 0.47 0.05e4.5 0.48

Any neuro deficit* 1.9 0.5e7.2 0.37 0.63 0.03e11 0.75
Diving 10 2.7e38 0.003 7.5 1.2e46 0.042
Alcohol use 6.9 1.7e28 0.02 3.2 0.4e23 0.28
ED intubation 9.2 2.5e34 0.003 2.2 0.3e15 0.44

Note: * Clinically significant factor.
# Hosmer-Lemeshow Test Chi-square 8.68, p ¼ 0.19.
Bolded factors denoted statistically significance. Only clinically significant factors and independent variables with p value � 0.10 were included in the multivariable logistic
regression.
OR: odds ratio; CI: confidence interval; SpO2: pulse oximeter measuring oxygen saturation in percent; ED: emergency department.
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IAT of patients with spinal injuries: shallow-water diving and pa-
tient's presenting oxygen saturation.

Shallow water diving has been noted as a high-risk activity for
spinal cord injuries, particularly in the cervical spine.6e8 Shallow-
water diving has mostly been studied in pools6e8 but is also com-
mon at rivers and the ocean. Shallow-water diving injury typically
results in hyperextension or hyperflexion, but direct contact with
the top of the head can cause compression fractures as well.
Overall, triage protocols have low sensitivity for severely injured
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patients,9 and our state emergency medical service (EMS) protocol
did not list shallow water diving as a high-risk mechanism,5 on-
scene responders may not recognize the severity of injury in
these patients. Clinicians should be cognizant that patients who
sustained injuries while involved in shallow-water diving are at
high-risk for spinal injury. These patients should be considered for
direct transport to a facility with neurosurgical capability.

Our analysis also showed that patients with high oxygen satu-
ration were less likely to be inappropriately transported. We
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hypothesized that transport teams would prioritize transport of
hypoxic patients to the nearest facility for stabilization and in-
terventions before bringing them to a facility with neurosurgical
capability. As a result, transport of these patients was clinically
indicated and appropriate.

In addition to clinical factors, we aimed to study demographic
and environmental factors that may be associated with IAT.
Notably, socioeconomic status (median income of patients’ home
zip was used as a proxy for socioeconomic status), local vs. non-
local status, age, race, sex, and transport during rush hour were
included in the analysis. None of these factors were associated with
IAT in our multivariable regressions. The high rate of appropriate
transport, regardless of other demographic influences, suggested
that pertinent clinical information was the most important factor
directing transport decisions.

Our study has several limitations. Although we included a
large number of patients with suspected NISSs, the sample size of
patients with true NISSs associated with IAT was still small. This
small sample size likely affected our outcomes, such as the wide
95% CI for the independent variable of diving. Furthermore, a
large percentage of EMS documentation was missing so we were
not able to assess the immediate medical decision-making pro-
cess from EMS personnel. We also did not have access to many
patients' in-hospital records to assess patients' management and
outcomes, although this information should not affect emergency
providers and EMS personnel's decision to transport patients to
any facilities.

Overall, the number of IAT of patients with NISSs was small.
While many IATs may be acceptable, clinicians should be cogni-
zant that shallow-water diving is associated with higher likeli-
hood of injury and inappropriate triage and transport.
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