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Abstract: Objective: To explore the effect of synchronized and integrated prehospital treatment strategies for on-
site first aid, rescue transport and prehospital first aid in patients with acute cervical spinal cord injury. Methods:
A prospective non-randomized controlled study was designed to include patients with acute cervical spinal cord
injury. A total of 50 patients were included in a Control group (before the implementation of synchronized and
integrated prehospital treatment), and 50 patients were included in an Observation Group (after the implementa-
tion of synchronized and integrated prehospital treatment). We compared the timeliness of prehospital treatment,
the proportion of patients received methylprednisolone treatment within 3 h after injury, the changes in Japanese
Orthopaedic Association (JOA) score during transport, the incidence of adverse events, the clinical outcomes, the
number of prehospital deaths, the case number of paralysis and the recovery of postoperative neural function be-
tween the two groups. Results: Compared with the Control group, the Observation group showed significantly shorter
time from injury to admission, from injury to receiving methylprednisolone pulse therapy, as well as from injury to
receiving dehydrating agents and diuretics (all P<0.001). The proportion of patients received methylprednisolone
treatment within 3 h after injury was significantly higher in the Observation group than that in the Control group
(P<0.05). There was no significant change in the JOA score in the Observation group before and after the trans-
port, while the score was significantly lower in the Control group after the transport (P<0.001). The JOA score was
higher in the Observation group than that in the Control group at admission (P<0.001). The Observation group also
showed decreased incidences of adverse events, mortality, and paralysis rate (all P<0.05) as well as better recovery
of postoperative neural function (P<0.001) when compared with the Control group. Conclusion: Synchronized and
integrated prehospital treatment has a significant effect in patients with acute cervical spinal cord injury through
shortening the admission time, reducing the risk of adverse events, and improving the rescue effect and the prog-
nosis of neural function.
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Introduction necessary to pay great attention to patients
who are suspected to have spinal cord injury,
which should be quickly and accurately
assessed to implement scientific on-site aid
and timely transport patients to hospital for fur-

ther treatment [4]. In addition, scientific trans-

Acute cervical spinal cord injury is caused by
severe violence from various external factors or
forces, resulting in an extremely high mortality
and disability rate in patients [1]. The incidence

of fatal complications is as high as 25% from
the time of accident to admission. Therefore,
the survival of most patients with severe trau-
ma depends on whether they can get timely
and scientifical treatment [2, 3]. Patients with
spinal cord injury are prone to having fatal com-
plications such as shock and asphyxia. So, it is

port methods should be adopted to avoid sec-
ondary spinal cord injury.

Among the causes of acute cervical spinal cord
injury, traffic accidents rank first, accounting for
about 50%, followed by winter sports [5].
Because skiers mostly move fast on an uneven
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venue and do continuous twisting and tossing
movements in the air, they are prone to spinal
cord injury, even the deadly cervical spine in-
jury [6, 7]. Establishing a scientific set of safety
assurance systems and a multi-mode joint
treatment for acute cervical spinal cord injury is
of great significance for the safety of patients
because the measures can reduce the high
paraplegia rate and mortality from sports-lead
cervical injuries, and improve the neural func-
tion in patients. In this study, we analyzed the
effect of the synchronized integrated prehospi-
tal treatment for on-site first aid, rescue trans-
port and prehospital first aid in patients with
acute cervical spinal cord injury, so as to pro-
tect the patients and provide reference for the
prehospital first aid.

Materials and methods
Patients

We designed this prospective hon-randomized
controlled study that included 100 patients
with acute cervical spinal cord injury who were
admitted to our hospital from January 2017 to
December 2020. Patients were eligible if they
were diagnosed with acute cervical spinal cord
injury, and were treated by our hospital right
after the onset [8]. Patients were excluded if
they had a history of spinal cord injury, did not
have a complete treatment, were lost to follow-
up after treatment, or died from other causes
during the follow-up.

Ethics statement

This study followed the Declaration of Helsinki
and was approved by the ethics committee of
our hospital. All patients and their families
signed an informed consent form.

Synchronized and integrated prehospital treat-
ment strategies

Quick evaluation of injury: The traumatic condi-
tion was checked by the paramedics right
after arrival. First, the patient’s position was
remained before clarifying the injury [9].
Second, patient’s consciousness and vital
signs were checked. For those with conscious-
ness impairment, breathing, pulse and blood
pressure were checked to determine whether
the patient was in shock, then corresponding
measures were taken for on-site treatment.
Third, the cervical spinal cord injury was clari-
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fied according to the tenderness and morpho-
logical abnormalities of patient’s limbs, muscle
and cervical spine [10]. Last, the segments and
extent of cervical spinal cord injury was deter-
mined by observing patient’s paralysis, breath-
ing and incontinence [11]. Professional spine
surgeons were on-site to conduct the Japanese
Orthopaedic Association (JOA) assessment so
as to determine the degree of injury. Based on
the results of the examination, timely on-site
treatment was carried out and transport tools
were prepared for patients who were consid-
ered to have cervical spinal cord injury.

On-site first aid: First, the patient’s airway was
kept unobstructed. Mechanical ventilation was
conducted mainly with endotracheal intubation
through the nose to avoid repeated intubation.
Patients with respiratory disorders were per-
formed with modified percutaneous dilatation-
al tracheostomy (MPDT) when necessary to
quickly, safely and effectively open the airway
in the immobilized position of the neck, so
as to provide adequate ventilation support.
Second, venous access was established for
patients with unstable hemodynamics by giv-
ing fluid infusion in time and vasopressors as
appropriate, so as to maintain sufficient circu-
lating blood and prevent ischemic shock or sec-
ondary spinal cord injury. Fresh frozen plasma
or albumin and other colloids, compound lac-
tated Ringer’s solution and other crystalloid
solutions, as well as glucose saline were pre-
pared on site, and intravenous pulse treatment
at regular doses was given to try to reach a suf-
ficient level within 3 hours. Third, neck immobi-
lization was performed by first using the “five-
step” method to immobilize it with bare hands
and then using a hard neck collar with a sup-
port plate on the back for fixing [12]. Sandbags
or tape were used intermittently for fixation as
well until the patients were transported to the
hospital.

Rescue transport: In terms of transport re-
quirements, at least three people were required
to move the patient, so as to maintain the sta-
bility of the spine axis and prevent the patient
from swinging or twisting of the cervical spine.
An inelastic stretcher or spine board was used
to keep the head slightly lower to avoid exces-
sive flexion and extension of cervical spine [12].
In terms of catheterization, all patients were
given urinary catheterization to assist in the
assessment of circulatory disorders. It is also
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Table 1. Baseline data (n, %) (X + sd)

including the time from injury to admis-

Observation Control

sion, the time from injury to methylpred-
nisolone pulse therapy, the time from inju-

Item group (n=50) group (n=50) VX P
Sex 0.049 0.826
Male 36 (72.00) 35(70.00)
Female 14 (30.00) 15 (34.00)
Age (year) 35.21+5.5 34.846.2 0.341 0.733
Cause of injury 1.175 0.556

Fall injury 20 (40.00) 17 (34.00)
Impact injury 17 (34.00) 15 (30.00)
Car accident 13 (26.00) 18 (36.00)

ry to receiving dehydrating agents and
the time from injury to receiving diuretic.
Second, the number of patients that
received methylprednisolone pulse thera-
py within 3 hours after injury. Third, the
changes in JOA score during transport.

The secondary outcome measures includ-
ed the incidence of adverse events during

helpful for early use of dehydrating agents and
diuretics which could prevent cell edema of spi-
nal cord tissues. Patients were closely moni-
tored for vital signs during transport, with both
their respiratory tract and the infusion pipeline
unobstructed. Also, patients were given anti-
shock treatment and kept warm. To avoid
unnecessary bumps, the transport was con-
ducted via high-speed rail, high-speed road or
helicopter according to the patient’s injury and
the location of the accident.

Evaluation criteria

Degree of cervical spine injury: The JOA score
was used for evaluation, including the motor
function of upper limbs (total score: 4 points)
and lower limbs (total score: 4 points), the sen-
sation of upper and lower limbs (total score: 6
points) as well as bladder function (total score:
3 points), with a total score of 17 points [13].
The lower the score was, the severer the cervi-
cal spine injury.

Recovery of neural function

The neural function scale by American Spinal
Injury Association (ASIA) was used to evaluate
the postoperative recovery of neural function in
patients [14]. The ASIA score included sensory
function (total score: 224 points) and motor
function (total score: 100 points). The higher
the score was, the better the recovery of neural
function. In addition, the JOA score was also
used to further assess the recovery level of
patients’ neural function.

Outcome measures

There were three main outcome measures.
First, the timeliness of prehospital treatment,
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the transport (dropping or blockage of the

infusion tube, failure of oxygen supply
equipment, sudden asphyxia or dyspnea, sud-
den drop in blood pressure or ischemic shock,
etc.), the success rate of rescue, the mortality
and the postoperative recovery of neural
function.

Statistical methods

SPSS 23.0 software (SPSS, Inc., Chicago, IL,
USA) was used for statistical analyses. The
count data were expressed as number of cases
and percentage (n, %) and processed by chi-
square test. The measurement data in this
study conformed to the normal distribution,
expressed as mean + standard deviation (X *
sd), compared between the groups by the inde-
pendent sample t test, and compared between
before and after the intervention within the
same group by paired t test. The test level was
two-sided with a=0.05, and P<0.05 indicated
that the difference was statistically significant.

Results
Baseline data

We included 100 patients with acute cervical
spinal cord injury in the present study. Control
group included 50 patients from January 2017
to December 2018, when the synchronized
and integrated prehospital treatment was not
yet implemented. Observation Group included
50 patients from January 2019 to December
2020 with the implementation of synchronized
and integrated prehospital treatment. There
were over 70% male patients in both groups,
and the differences in gender, age and cause of
injury were insignificant between the two
groups (all P>0.05), so the two groups were
comparable. See Table 1.
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Table 2. Comparison of timeliness of prehospital treatment (X + sd)

Iltem Observation group (n=50) Control group (n=50) t P

Injury - admission (h)

Injury - methylprednisolone pulse therapy (h)
Injury - receiving dehydrating agents (h)
Injury - receiving diuretic (h)

3.98+1.26
2.95+0.29
10.32+2.05
8.97+2.23

6.23+2.83 5.136 <0.001
5.84+1.03 19.098 <0.001
15.93+3.62 9.535 <0.001
13.55+2.88 8.891 <0.001

=3 Observation group

Control group

JOA (score)

On admission

0 T
Pre-Transit

Figure 1. Changes in JOA score during transport. JOA:
Japanese Orthopaedic Association. Compared with
Control group, “P<0.001; compared with before
transport, ##P<0.001.

Comparison of the timeliness of prehospital
treatment

Compared with the Control group, the
Observation group had significantly shorter
time from injury to admission, from injury to
receiving methylprednisolone pulse therapy, as
well as from injury to receiving dehydrating
agents and diuretic (all P<0.001), especially
the time from injury to receiving methylpred-
nisolone pulse therapy which was almost cut
in half. See Table 2. Thirty-eight patients
(76.00%) in the Observation group received
methylprednisolone pulse therapy within 3 h
after injury, while only 12 patients (24.00%) in
the Control group received the therapy within
3 h. Compared with the Control group, the
Observation group had a higher proportion of
patients who received the methylprednisolone
pulse therapy within 3 h after injury (x?=27.040,
P<0.001).

Changes in JOA score during transport

There was no significant difference in JOA
scores between the two groups before trans-

7011

port (P>0.05). After the transport, no significant
change was observed in the Observation group
(P>0.05), while the JOA score was significantly
lower than before in the Control group
(P<0.001). Compared with the Control group,
the Observation group had a higher JOA score
at admission (P<0.001). See Figure 1.

Comparison of the incidence of adverse events
during transport

Common adverse events in the two groups dur-
ing transport were dropping, including block-
age of the infusion tube, failure of oxygen sup-
ply equipment, sudden asphyxia or dyspnea,
sudden drop in blood pressure or ischemic
shock. There were 2 cases of dyspnea and 1
case of sudden drop in blood pressure in the
Observation group, with a total incidence of
adverse events of 6.00%. There were 12
adverse events in the Control group, includ-
ing 5 cases of asphyxia or dyspnea, 4 cases of
sudden drop in blood pressure or shock, 1
case of infusion tube shedding and 2 cases of
hematoma, with a total incidence of 24.00%.
The Observation group had a lower overall inci-
dence of adverse events than the Control group
(P<0.05). See Table 3.

Comparison of clinical outcomes

There was no death during prehospital treat-
ment transport, and 1 death during treatment
in the hospital in the Observation group. There
were 3 cases died in the Control group during
prehospital treatment transport, and 4 cases
died during treatment in the hospital. The
Observation group had a significant lower mor-
tality rate than the Control group (14.00% vs.
2.00%, P<0.05). In addition, paralysis rate was
also lower in the Observation group than that in
the Control group (12.00% vs. 36.00%, P<0.01).
See Table 4.

Recovery of postoperative neural function

The median follow-up time of the two groups
were 13.5 months (6-24 months) and 14.2

Am J Transl Res 2021;13(6):7008-7014



Prehospital treatment for acute cervical spinal cord injury

Table 3. Comparison of the incidence of adverse events during transport (n, %)

Iltem Observation group (n=30) Control group (n=30) X2 P

Adverse events

Dropping of infusion tube

Hematoma

Asphyxia or dyspnea

Sudden drop in blood pressure or shock
Total incidence

0 (0.00) 1(2.00)
0 (0.00) 2(4.00)
2 (4.00) 5 (10.00)
1(2.00) 4 (8.00)
3 (6.00) 12 (24.00) 6.353 0.012

Table 4. Comparison of clinical outcomes (n,

%)

Group Death Paralysis

Observation group (n=50) 1 (2.00) 6 (12.00)

Control group (n=50) 7 (14.00) 18 (36.00)

X2 4.891 7.895

P 0.027 0.005
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Figure 2. The recovery of neural function. JOA: Japa-
nese Orthopaedic Association. Compared with Con-
trol group, “*P<0.001.

months (7-19 months) respectively. The Ob-
servation group showed higher scores of sen-
sory functions, motor function and JOA than the
Control group at the end of the follow-up (all
P<0.001). See Figure 2.

Discussion

Among the 4 peak death periods of patients
with cervical spinal cord injury, 80% of deaths
are attributed to complications that occur in
the first and second periods [15, 16]. The first
period is post-accident. The patient may die
due to fatal complications such as multiple
injuries, hemorrhagic shock or high cervical spi-
nal cord injury. Followed by a few hours after
the cervical spinal cord injury, during which
patients may die from complications such
as respiratory dysfunction or asphyxia [4].
Scientific and efficient prehospital treatments
in these two periods are the key to reducing
mortality and improving prognosis.
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At present, the timeliness of prehospital treat-
ment has been seen as the key to reducing the
mortality and disability rate of patients with
trauma such as spinal cord injury [17]. In this
study, we compared the timeliness of prehospi-
tal treatment in 100 patients with acute cervi-
cal spinal cord injury before and after the imple-
mentation of synchronized and integrated
prehospital treatment. We found better timeli-
ness in the Observation group as compared
with the Control group. The time from injury to
admission, from injury to methylprednisolone
pulse therapy, and from injury to receiving
dehydrating agents and diuretics were signifi-
cantly shortened in the Observation group. A
study showed that the earlier surgical or non-
surgical treatments performed within 24 hours
after injury were helpful for the prognosis of
neural function [18]. The clinical effect of emer-
gency surgery 8-12 hours after injury was sig-
nificantly better than that of surgery within
12-24 h, and patients treated over 24 hours
after injury had the worst recovery of neural
function [19]. Therefore, early admission is of
great significance for improving patient’s neu-
ral function recovery. In addition, synchronized
and integrated prehospital treatment also par-
ticularly emphasized the early methylpredniso-
lone pulse therapy. The effect of methylpred-
nisolone is to increase the blood supply of
the spinal cord, reduce edema, inhibit inflam-
matory reactions, promote energy metabolism,
inhibit the peroxidation of oxygen free radicals
and lipids and improve nerve excitation [20,
21]. It is recommended to carry out sufficient
maintaining pulse intravenous treatment at a
conventional dose within 3 hours. Our results
showed that the proportion of patients who
received the methylprednisolone pulse therapy
within 3 hours after injury was higher in the
Observation group than that in the Control
group (76.00% vs. 24.00%). This may be one of
the important reasons why the neural function
of Observation group was significantly better
than that of Control group after treatment.
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In addition to timeliness, the survival rate and
long-term neurological prognosis of patients
with spinal cord injury are also closely related
to the correct on-site treatment, movement,
and rescue transport [22, 23]. Our results
showed that the JOA score of Observation
group had no significant change during trans-
port. While in the Control group, the JOA score
was significantly reduced with 3 patients died,
and the incidence of adverse events (6.00%
vs. 24.00%), mortality (2.00% vs. 14.00%) and
paralysis rate (12.00% vs. 36.00%) were
increased. These data showed that synchro-
nized and integrated prehospital treatment
can effectively improve the safety of prehospi-
tal transport and the clinical outcomes. We
believe that these benefits may be due to the
following 3 factors. First, the degree of cervical
spine injury in patients was quickly and accu-
rately evaluated during synchronized and inte-
grated prehospital treatment, which, combined
with on-site JOA assessment, provides scientif-
ic guidance for first aid. Second, we were
equipped with endotracheal intubation and
oxygen inhalation devices as well as profes-
sional medical personnel so as to perform
MPDT for asphyxiated patients who may have
life-threatening bleeding or airway obstruction
to prevent death. In this study, there were 2
patients who had dyspnea in the Observation
group. The condition of 1 patient could not be
improved by increased oxygen inhalation, so
MPDT was performed immediately which effec-
tively avoided death from asphyxia. Third, the
intermittent use of neck collar and sandbags or
tape reduced the pressure from neck collar,
which could press the trachea, affect breathing
and blood circulation, and cover the hematoma
and subcutaneous emphysema formed after
hemorrhage and tracheal rupture [24].

We followed up the two groups of patients for
6-24 months and assessed the patients’ recov-
ery of neural function at the end of the follow-
up. The results of the study showed that the
Observation group had higher sensory func-
tions, motor function and JOA score as com-
pared with the Control group, indicating that
synchronized and integrated prehospital treat-
ment can effectively improve the prognosis of
neural function. However, we did not evaluate
the impact of surgical time and surgical meth-
ods after admission, so the difference in neural
function between the two groups needs to be
further verified.
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There are some limitations in our research. We
included more patients who were injured in ski-
ing in the Observation group, but the injury
type in the Control group was not specifically
managed, which may cause bias in the base-
line characteristics of the two groups of
patients. In addition, we did not evaluate the
differences in treatments after admission (as
mentioned above), so there might be some bias
in the data about clinical outcomes and neural
function. Therefore, a prospective randomized
controlled study still needs to be conducted for
further verification.

In conclusion, synchronized and integrated pre-
hospital treatment has a significant effect in
patients with acute cervical spinal cord injury,
through effectively improving the timeliness
and the safety of treatment, the success rate of
rescue and the prognosis of neural function.
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