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Abstract
Study design Cross-sectional retrospective study.
Objective To describe the transportation mode to hospital and timing of spinal cord decompression and stabilization (D&S),
length of hospital stay, frequency of pressure injuries, and sepsis during hospitalization.
Setting Brain and Spinal Injury Research Center, Tehran, Iran.
Methods Eight hundred and thirty patients with traumatic spinal cord injury (TSCI) were enrolled. Mode of transportation
and length of time to reach the first hospital, length of hospital stay (LOS), and the time span between hospital arrival and
decompression and stabilization (D&S) were recorded.
Results Fifty-nine percent of the enrolled individuals were transported to the first hospital by ambulance, while 41% were
transferred by vehicles without medical equipment and personnel. Median length of time to reach the first hospital was 1 h
for both ambulance and non-equipped car groups, with no statistically significant difference (p= 0.1). Median LOS,
frequencies of pressure injuries, and sepsis based on the injury levels were not significantly different between two trans-
portation modalities. One hundred and seventy-seven individuals had early surgery, and 254 had late surgery. Median LOS
was 13 days in the early surgery group and 20 days in the late surgery group (p= 0.002). Frequencies of pressure injuries
and sepsis were not significantly different between the late and early surgery groups for various injury levels.
Conclusion About 59% of our patients had been transported to a hospital by non-medical personnel. Those with late surgery
had significantly longer LOS. Improving TSCI patients’ transportation method and early surgical interventions, if possible,
may be considered.

Introduction

Traumatic spinal cord injury (TSCI) is one of the important
causes of long-term disability and health-care cost in low-
and middle-income countries [1]. Its heavy burden on
affected individuals, their families, and society is due to the
high costs of the acute phase treatments, long rehabilitation
periods, as well as loss of productivity and the emotional
impact on their lives [2]. The final functional outcome of the
patients with TSCI depends on the injury level and severity,

pre-hospital and triage care, and the timing of spinal cord
decompression and stabilization (D&S) [3]. One of the
challenging issues in the management of TSCI has been the
timing of D&S in the hope of preservation and/or restoration
of damaged neural tissue for better neurological functioning
[3]. The incidence of TSCI has increased in recent years,
with an annual incidence of about 10.4–83 cases per million
in various countries worldwide [4]. One of the important
issues in patients with TSCI is pre-hospital care and man-
agement. The unstable spine will increase the severity of a
neurological injury, so immobilization before reaching the
hospital is a topic of concern [5], preventing secondary
injury induced by inappropriate transfer modalities or spinal
immobilization [6]. Previous studies have shown that nearly
one-fourth of spinal injuries may worsen after the primary
injury before hospital arrival [7]. Therefore, the pre-hospital
mode of transportation should be considered carefully.

The World Health Organization (WHO) recommends
more research on prevention of secondary injuries, especially
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in low- and middle-income countries [8]. Similarly, the time
span from admission to spine stabilization surgery, if indi-
cated, may influence LOS and frequency of pressure injuries
and sepsis during hospitalization, as well as the final outcome
[9]. As far as we know, information regarding transportation
mode and timing of surgery is limited for individuals with
TSCI, and such knowledge may be of great importance for
health policy makers in low- and middle-income countries.
Therefore, we designed this study to describe the pattern of
hospital transportation, timing of surgery, LOS, and the fre-
quency of pressure injuries and sepsis during hospitalization
in a cohort of individuals with TSCI.

Methods

This retrospective study was conducted at the Brain and
Spinal Injury Research Center, Tehran, Iran between March
2013 and May 2017. Participants filled informed consent
forms before enrollment in the study. The ethical committee
of TUMS (Tehran University of Medical Sciences)
approved the study protocol (ID:25661). Inclusion criteria
were: established TSCI (for at least 1 year), valid medical
records regarding transportation mode to the first hospital,
the timing of surgery, and occurrence of a pressure injury
(grade more than II, size >5 cm), and sepsis (systemic
inflammatory response syndrome plus three consequent
positive blood cultures) during the hospital stay. The par-
ticipants were categorized into cervical (N= 73), thoracic
(N= 627), and lumbar (N= 130) groups. Data regarding
etiology of injury, transportation mode to the first hospital,
level and severity of injury (ASIA impairment scale (AIS)),
the time span between injury and the first hospital arrival,
overall length of stay (LOS), and the time span between the
first hospital arrival and surgery were extracted from the
medical records of the included participants. Statistical
analysis for subgroups, based on the level of the injury, was
performed considering the mode of transportation, and
timing of D&S as independent variables. LOS, significant
pressure injuries, and sepsis were considered as outcomes.
The median LOS in the different subgroups was compared
using the Wilcoxon–Mann–Whitney test, while pressure
injury and sepsis frequencies were compared using the χ2-
test. Data analysis was conducted using SPSS software,
version 22 (IBM, Chicago, IL, USA). A p value <0.05 was
considered to be statistically significant.

Results

Of the 1024 individuals eligible for the study, 112 were
unwilling to participate. An additional 82 were excluded
because of inconclusive information about transportation

mode, timing of D&S, and complications during the hos-
pitalization period. Therefore, 830 individuals were enrol-
led. The mean (±SD) age of participants was 36.9 (±11.5)
years, and the male to female ratio was 4.3/1 (Table 1). Four
hundred and thirty-one individuals had D&S and the
remainder underwent conservative management. Overall,
the median time to reach the first hospital was 1 h (inter-
quartile range (IQR): 1–2). The median time span between
hospital arrival and surgery (in 431 individuals) was 3 days
(IQR: 1–7), and the median overall hospital LOS was
15 days (IQR: 8–30). Fifty-nine percent of our participants
were transferred to the first hospital by emergency equipped
ambulances and 41% were transported with unequipped
cars (without any facilities such as backboard, collars, and
paramedics). The median time to reach the first hospital was
1 h (IQR: 1–2) for both ambulance and unequipped car
groups (IQR: 1–2) (p= 0.1). The median LOS was 17 days
(IQR: 10–30) for those with cervical TSCI, 15 days (IQR:
8–30) for those with thoracic TSCI, and 15 days (IQR:
7–27) for those with lumbar TSCI (p= 0.04). The median
LOS in the C1–C4 cervical injury group was 30 days (IQR:
14–60), while it was 15 days (IQR: 9–30) in the C5–C7
group (p= 0.03). The level of injury was significantly dif-
ferent between the two transportation modes. However,

Table 1 Baseline characteristics of patients

Variables Frequency/mean(±SD)

Age at the time of the study (years) (mean ±
SD)

36.9 ± 11.5

Gender (N%)

Male 674 (81%)

Female 156 (19%)

Level of injury (N%)

C1–C4 13 (1%)

C5–C7 60 (7%)

T1–T6 162 (20%)

T7–T12 465 (56.0%)

L1–L5 130 (16%)

Neurological status after acute treatments (AIS) (N%)

A 537 (65.0%)

B 126 (15.0%)

C 131 (16.0%)

D 36 (4.0%)

Etiology (n%)

Vehicle accidents 512 (62%)

Falling 238 (29%)

Others 80 (9%)

Transfer to primary center (N%)

Ambulance with paramedics 491 (59%)

Non-equipped cars 339 (41%)
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AIS, LOS, and complication rate were not significantly
different between the transportation modes (Table 2). The
median LOS as well as frequencies of pressure injuries and
sepsis were not different between the two transportation
modes for different levels of spinal injury (Table 3). One
hundred and seventy-seven had D&S during the first 48 h
after hospital arrival, and 254 underwent surgery after 48 h.
The median LOS was 13 days (IQR: 7–21) in the early
surgery group, and 21 days (IQR: 14–21) in the late surgery
group (p= 0.002). We performed subgroup analysis in the
431 operated cases according to the timing of D&S in dif-
ferent neurological levels separately. Our results in the
cervical group showed a median LOS of 14 days (IQR:
7–30) in early D&S, and 25 days (IQR: 10–36) in the late
group (p= 0.01). In the thoracic subgroup, the median LOS

was 11 days (IQR: 7–30) in the early D&S group, and
20 days (IQR: 11–30) in the late surgery group (p= 0.03).
In the lumbar subgroup, the median LOS was 14 days (IQR:
6–20) in the early group and 18 days (IQR: 10.5–30) in the
late group (p= 0.01). Nevertheless, the frequency of sig-
nificant pressure injuries and sepsis was not significantly
different in the late and early D&S groups for different
injury levels (Table 4).

Discussion

Although there have been many attempts to reduce the
incidence and prevalence of TSCI worldwide, it is ever-
increasing [10]. Individuals who are suspected to have TSCI
at the scene should receive great care before hospital arrival
[6]. There are wide variations regarding pre-hospital care
and transportation modes in different communities. How-
ever, there is evidence that neurological deterioration may
occur in 10–26% of patients with TSCI during pre-hospital
transport [11, 12].

Regarding mode of transport in our study, overall, 59%
of our participants had been transported to the first hospital
by ambulance. In a previous study from the USA, medical
records of 61 patients with acute TSCI were reviewed.
Nearly 41% had been transported by ground ambulance,
54% by helicopter, and 5% by fixed-wing aircraft, all
equipped with paramedics [13]. In a study conducted by
Flabouris from Australia, 93% of patients suspected to have
TSCI had been transported by helicopter, 3.5% by aircraft,
and 3.5% by road vehicles [12]. In our study, 41% of
patients were transported to the first hospital by unequipped
cars, which shows a huge gap between accepted standards
and the current situation for emergency transportation in
Iran. The high rate of unequipped road vehicle transporta-
tion in Iran, as a low income country, may be approached as

Table 2 Comparison of diffferent factors in cases who were
transported by ambulance or unequipped cars

Ambulance N= 491 Own car N=
339

p value

Level of the injury (N%)

Cervical 43 (59%) 30 (41%) 0.008

Thoracic 387 (62%) 240 (38%)

Lumbar 61 (47%) 69 (53%)

ASIA (N%)

A 315 (59%) 222 (41%) 0.9

B 74 (59%) 52 (41%)

C 81 (62%) 50 (38%)

D 21 (58%) 15 (42%)

Complications (N%)

Pressure ulcers 125 (57%) 96 (43%) 0.3

Sepsis 6 (1.2%) 1 (0.2%) 0.1

LOS (mean ± SD) 25.2 ± 38.1 26.6 ± 49 0.6

LOS length of stay

Table 3 Comparison of length
of stay, pressure injuries, and
sepsis in patients who were
transferred by ambulance or
unequipped cars based on
different injury levels

Ambulance transferred Non-equipped car p value

Cervical group N = 43 N = 30

LOS, median (IQR) 18 (IQR: 18–40) 16 (IQR: 8–30) 0.2

Pressure ulcer (N%) 8 (18.6%) 6 (20%) 0.8

Sepsis (N%) 2 (4.6%) 1 (3.3%) 0.7

Thoracic group N= 387 N= 240

LOS, median (IQR) 15 (IQR: 7–30) 15 (IQR: 8–30) 0.4

Pressure ulcer (N%) 100 (25.8%) 73 (30.4%) 0.2

Sepsis (N%) 3 (0.9%) — 0.1

Lumbar group N= 61 N= 68

LOS, median (IQR) 16 (IQR: 10–30) 14 (IQR: 5–24) 0.2

Pressure ulcer (N%) 17 (4.3%) 17 (7%) 0.6

Sepsis (N%) 1 (1.6%) 0 0.2

LOS length of stay

152 M. Ghajarzadeh, H. Saberi



a health-care concern. For patients with unstable TSCI,
proper immobilization plays a crucial role to prevent the
devastating effects of secondary cord damage [5]. Unwar-
ranted immobilization of the spine can cause secondary cord
injury, pressure injuries, and respiratory compromise [5].
Although in Iran we do have helicopters for emergency
medical services, none of our participants were transported
to a hospital by helicopter [14].

Immobilization during hospital transport is an important
issue for suspected TSCI cases. Application of a board and
collar and head immobilization by towels or foam wedges
have been recommended [6, 15]. Domeier and colleagues
assessed the administration protocols, which helped emer-
gency medical services safely transport patients with a
suspected SCI to the hospital. They found that the sensi-
tivity of the applied emergency medical services protocol
was 92% [16]. Consideration of developing a transportation
protocol should be considered in order to reduce the prob-
ability of secondary injuries and neurological deterioration
in low- and middle-income countries like Iran. According to
our results, the median length of time to reach the first
hospital was 1 h for both the ambulance and unequipped car
groups, but fast patient transportation by unequipped cars
and non-expert paramedics may be harmful for patient.

We also found that median LOS, as well as frequencies
of pressure injuries and sepsis for various neurological
levels were not different between the two transport mode
groups.

Level of the injury is an important factor in the hospital
course of patients with TSCI. Previous studies also have
confirmed that the level of injury is a major determinant of
LOS [17, 18]. In a study by Güzelküçük et al. [18], LOS
was significantly longer for individuals in the
C1–C4 subgroup compared to those in the C5–C8 group
(77 vs 59 days), which is consistent with our results (30 vs
15 days in C1–C4 and C5–C7 subgroups, respectively).

Pickett et al. [17] reported shorter hospital LOS for those in
the lumbar subgroup in their study. Our results also show
that median LOS was longer for individuals in the cervical
group in comparison with other two injury levels. Longer
LOS may be associated with further complications, cost,
and need for medical care.

The optimal timing for stabilizing and fixation for spinal
fractures has been controversial with no consensus [3].
Early removal of the bone, disc, and ligamentous fragments
compressing the spinal cord may lead to inhibition of sec-
ondary neural damage. Some authors believe that longer
compression time may be associated with less neurological
recovery [19, 20]. Some studies have reported benefits for
early spinal fixation such as shorter duration of hospitali-
zation and ICU stay, better neurological improvement,
shorter ventilation period, and less incidence of hospital-
acquired pneumonia [9, 21]. Our study showed that the
median LOS was significantly longer in the late surgery
group for all injury levels, while the frequency of pressure
injuries and sepsis was not significantly different between
neurological level subgroups.

Early decompression in patients with SCI (during 8–10
h) may result in better neurological recovery [22–24]. In
addition, early surgical interventions may reduce the hos-
pitalization period [3], which protects patients from differ-
ent complications such as pressure injuries and sepsis.
Cengiz et al. [3] in Turkey enrolled 27 individuals with
thoracolumbar spine injuries. Their group “one” patients
were medically stable and underwent surgery during the
first 8 h, while group “two” underwent surgery between 3rd
and 15th day post injury. They reported shorter LOS and
fewer complications in group one. This was consistent with
our results; in our study, based on injury levels, LOS was
significantly longer in the late D&S group than the early
group, although the rates of complications were similar.
Bliemel et al. [25] in Germany evaluated documents of

Table 4 Comparison of length
of stay, pressure injuries, and
sepsis in patients in early and
late surgery groups based on
different injury levels

Early surgery group Late surgery group p value

Cervical spine injury N = 19 N = 41

LOS, median (IQR) 14 (IQR: 7–30) 25 (IQR: 10–36) 0.01

Pressure ulcer (N%) 2 (10.5%) 10 (24.3%) 0.2

Sepsis (N%) 0 2 (4.8%) 0.3

Thoracic spine injury N= 120 N= 144

LOS, median (IQR) 11 (IQR: 7–0) 20 (IQR: 11–30) 0.03

Pressure ulcer (N%) 34 (28.3%) 40 (27.7%) 0.9

Sepsis (N%) 1 (0.8%) 1 (1.1%) 0.3

Lumbar spine injury N= 38 N= 69

LOS, median (IQR) 14 (IQR: 6–20) 18 (IQR: 10.5–30) 0.01

Pressure ulcer (N%) 13 (34.2%) 18 (26%) 0.3

Sepsis (N%) 1 (2.6%) 0 0.1

LOS length of stay
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8994 individuals with TSCI. They found early surgery (<72
h post injury) resulted in shorter hospital LOS as well as
fewer complications post-operatively. Fehlings et al. [26]
followed up 222 individuals with acute cervical spine injury
for 6 months and found that in nearly 24.2% of those who
had undergone early surgery (<24 h post injury) showed at
least one postoperative complication, as compared to the
late surgery group (>24 h, 30.5%), but the difference was
not significant. In the study by Bliemel et al. [25], the rate of
sepsis was significantly lower in the early surgery group. In
a large study of 4354 individuals with SCI with either
thoracic or lumbar injuries, early surgery reduced the ven-
tilation period, ICU admission length, and overall hospital
stay in both groups [25]. This was consistent with our study,
where LOS was significantly shorter in the early surgery
group for all injury levels. However, this finding was in
contrast to Konieczny et al. [27]. In their study, hospitali-
zation period was not significantly different between the
early and late surgery groups (<72 h vs >72 h post injury)
[27], although the cutoff points were different. Only one
previous study chose the cutoff point of 48 h for early or
late surgery subgroups, and reported better neurological
improvement in the early group [28].

Regarding the length of time to reach the first hospital,
Leal-Filho [29] assessed 386 patients with TSCI in the acute
phase in a public institute in Brazil. Most (47%) had been
admitted to the hospital 4–12 h after trauma, while the
median duration to reach the first hospital was 1 h in our
study (IQR: 1–2) for both the ambulance and unequipped
car groups. Consequently, the important issue is not the
length of time of hospital transport but the quality of the
patient transport.

The pivotal point of this study was to consider the
transportation mode and time span of the surgical inter-
vention for TSCI and to compare LOS as well as compli-
cations in these groups. The study had limitations; we did
not have baseline neurological data (at the scene) to
objectively determine the rate of neurological deterioration
during hospital transport. Furthermore, about one-fifth of
the enrolled individuals were lost to follow-up. Future stu-
dies registering the first AIS (at the scene) for those with
SCI is recommended to compare neurological deterioration.
Also, multicentre studies with close follow-up planning and
control of confounders in Iranian patients with TSCI are
recommended.

As recommended by WHO, more studies should be done
in low- and middle-income countries to clarify different
aspects of injuries and associated problems to prepare
information for health-care providers [8]. Supplying more
equipped cars (ambulances) and helicopters or aircraft to
transfer Iranian patients with TSCI is a major concern. On
the other hand, early D&S may be recommended in selected
TSCI cases.

Conclusion

Sixty percent of our patients had been transported to the
hospital by unequipped cars. Patients with late surgery had
significantly longer LOS. Steps need to be taken to improve
TSCI transportation mode and access to early surgery in
Iran.
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