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CLINICAL ARTICLE

Early versus Delayed Surgery for Acute Traumatic
Cervical/Thoracic Spinal Cord Injury in Beijing,
China: The Results of a Prospective, Multicenter

Nonrandomized Controlled Trial

Feng Xue'’, Si-zheng Zhan'" ©, Dian-ying Zhang', Bao-guo Jiang"?

"Department of Orthopaedics and *Institute of Trauma and Nerve Regeneration, Peking University People’s Hospital, Beijing, China

Objectives: To compare the effects of early surgery (within 24 h) and delayed surgery on the outcomes of patients
with acute cervical/thoracic spinal cord injury (SCI) in Beijing, China.

Methods: We conducted a clinical trial involving patients who were aged 16-85 years, had acute SCI from 1 June
2016 to 1 June 2019 in Beijing. The enrolled patients were divided into two groups according to the timing of surgical
decompression. The primary outcome was the ordinal change in the American Spinal Injury Association Impairment
Scale (AIS) grade. The secondary outcomes included the surgical time, volume of surgical bleeding, rate of admission
to the intensive care unit (ICU), length of stay in the ICU, duration of mechanical ventilation, length of hospital stay,
and postoperative complications. And the time consumption of different phases before operation was recorded for the
patients transported to hospital by ambulance.

Results: A total of 148 patients were included in the study, including 55 in the early surgery group and 93 in the delayed
surgery group. At 52 weeks post-surgery, 27.3% of the patients in the early surgery group showed AIS improvement by at
least two grades, compared to 8.7% of the patients in the delayed surgery group (P = 0.102). According to the logistic
regression analysis, the odds of at least a two-grade AIS improvement was six times higher among the patients who under-
went early surgery than among those who underwent delayed surgery (OR = 6.66, 95%Cl 1.14-38.84). The delay surgery
group consumed significantly more time in the phases of transfer and inspection or examination than the early surgery
group, and the Chinese regional trauma treatment system was widely used in the early surgery group.

Conclusion: Decompression within 24 h after SCI can improve patients’ recovery of neurological function without
increasing the incidence of postoperative complications and surgical risks. The Chinese regional trauma treatment
system can improve the diagnosis and treatment efficiency of patients with acute SCI and speed up the operation
timing.
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Introduction with a high rate of disability and mortality, leading to a
ﬁ cute traumatic spinal cord injury (SCI) is a severe dis- | heavy burden on individuals and society” . The incidence of
ease that affects individuals worldwide and is associated | acute SCI is 30-40 per million people in Europe and the
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United States, but it is 60.2 per million people in Beijing,
China’. The average age of affected individuals is
33-41 years® °, which means that most patients are young
and middle-aged. Surgical decompression and stabilization
are still important procedures for patients with acute SCI.
However, the optimal timing for surgery remains
controversial.

A number of studies have concluded that early surgical
decompression can improve neurological outcomes’ ", The
results of the latest meta-analysis also suggest that early sur-
gery (within 24 h) is beneficial for the prognosis of patients
with acute SCI'% The theoretical reasoning for early surgery
is derived from the pathophysiology, specifically the primary
and secondary mechanisms, of acute SCI. The primary injury
caused by rapid spinal cord compression and contusion initi-
ates a signaling cascade of downstream events collectively
known as secondary injuries'> '*. Laboratory experiments
and preclinical studies show that decompression after injury
can effectively reduce secondary injuries' ', and the
strength of this neuroprotective effect is inversely correlated
with time'” '®. Many clinical studies have shown that com-
pared with delayed surgery, early surgery (within 24 h) can
yield better neurological prognoses and reduce the length of
hospital stay and the medical burden. However, the
differences shown in most studies are not statistically
significant, and these studies have a relatively small sample
size, so the results may be not generalizable to the broader
population” ™" 9.

No official clinical studies have been conducted in
China to verify the effects of early surgery on the outcomes
of patients with acute SCI. The important reason is that
there is no effective trauma treatment system in China,
which could guarantee that patients with acute spinal cord
injury can receive surgical treatment within 24 h. But the
Chinese regional trauma treatment system proposed by Jiang
made it easier for the implementation of early surgery”” .

Therefore, this is the first clinical trial on acute SCI in
China, and we aimed to compare the effects of early surgery
with those of delayed surgery on the outcomes of patients
with acute SCI, including the ordinal change in the AIS
grade, surgical time, volume of surgical bleeding, rate of
admission to the ICU, length of stay in the ICU, duration of
mechanical ventilation, length of hospital stay, and postoper-
ative complications. Meanwhile, the factors leading to the
delay of surgical treatment were analyzed.

Methods

Study Population

We conducted a prospective, multicenter nonrandomized
controlled trial involving five hospitals in Beijing: (i) Peking
University People’s Hospital, (ii) Peking University Third
Hospital, (iii) Beijing Friendship Hospital Affiliated to Capi-
tal Medical University, (iv) Chaoyang Hospital Affiliated to
Capital Medical University, and (v) Chinese People’s Libera-
tion Army (PLA) General Hospital. All the hospitals
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recorded patients’ information in a database specifically cre-
ated for SCI cases. Prior to the start of the study, the proto-
col involving all five hospitals was approved by the Medical
Ethics Committee of Peking University People’s Hospital,
China (approval number: 2016PHB136-01). We enrolled
patients with acute SCI hospitalized from 1 June 2016 to
1 June 2019. All patients were required to complete a medi-
cal history and undergo a physical examination and mag-
netic resonance imaging (MRI) scan so that the diagnosis of
acute SCI could be confirmed. All patients enrolled in the
study were required to meet the established inclusion and
exclusion criteria strictly (Table 1). All patients signed
informed consent forms before being enrolled.

Grouping

The enrolled patients were divided into two groups
according to the timing of surgical decompression. The early
surgical cohort included patients who underwent surgery at
or within 24 h postinjury, and the delayed surgical cohort
consisted of patients who underwent surgery more than 24 h
postinjury. The timing of the operation was determined by
the time the patient arrived at the hospital after the injury,
the time required for a diagnosis, and the preoperative

TABLE 1 Inclusion/exclusion criteria

Inclusion criteria Exclusion criteria

1.Spinal cord injury patients 1.Active or recent severe infection
will be evaluated as
complete or incomplete
(contusion) after admission
using rectal examination,
in accordance with
American Spinal Injury
Association and
International Medical
Society of Paraplegia
(2000)

2.Final diagnosis by spine
computed tomography (CT)
and/or magnetic
resonance imaging (MRI)

3.Cervical, thoracic, and
thoracolumbar fracture
dislocation or without
fracture dislocation but
combined with spinal cord
injury

4.No other injury involving
life, injury severity
score < 16°°

5.No anesthesia
contraindication

6.No local skin infection, no
severe soft tissue
contusion, soft tissue
condition of the operation
area met the operation
requirements

7.Age: 16-85 years old,
irrespective of sex

2.Severe infectious diseases that
need to be treated in infectious
disease hospital

3.History of mental iliness

4.History of metal allergy

5.Long-term alcohol abuse and
drug abuse

6.Do not agree to participate in
this trial; the legal
representative of the patient
refuses to sign informed
consent

7.Poor compliance, cannot be
followed up as required
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evaluations and the discretion of the doctors in charge.
Moreover, a professional orthopaedic surgeon conducted
physical examinations to identify the patients’ neurological
level of injury, ASIA motion score (AMS), ASIA sensory
score, and AIS grade. The time of admission, the time of the
operation, the etiology, injury segments, age, sex, preopera-
tive complications, and associated injuries were recorded in
detail.

Surgery and Hospitalization

For the surgical approach used to treat the cases of cervical
spine injury, the anterior, posterior, or combined anterior
and posterior approach was selected on the basis of the dis-
placement of the cervical spine injury, the damage to the
structures and the location of spinal cord compression. For
thoracic SCI, posterior decompression and internal fixation
were performed. After the operation, mechanical ventilation
was administered, and the patient was transferred to the ICU
if necessary, according to the patient’s state. The surgical
time, volume of surgical bleeding, rate of admission to the
ICU, length of ICU stay, and duration of mechanical ventila-
tion were recorded. After discharge, all patients were trans-
ferred to the rehabilitation hospital to undergo personalized
rehabilitation programs and take neurotrophic drugs. Meth-
ylprednisolone was administered as per the discretion of the
treating team according to the recommendations of
the NASCIS-2 study*>.

Follow-Ups and Outcomes of Interest

All patients were followed up after the initial admission. The
follow-up time points included 6 weeks post-surgery,
12 weeks post-surgery, and 52 weeks post-surgery. The pri-
mary outcome was the ordinal change in the AIS grade. The
secondary outcomes included the surgical time, volume of
surgical bleeding, rate of admission to the ICU, length
of ICU stay, duration of mechanical ventilation, length of
hospital stay, and postoperative complications. And the
elapsed time of patients transported to hospital by ambu-
lance at different phases was recorded, including the transfer,
inspection or examination and the others. Whether the Chi-
nese trauma treatment systems is used or not will also be
recorded.

American Spinal Injury Association Impairment Scale

(AIS) Grade (Updated 2015)

The AIS is the international gold standard for evaluation of
spinal cord injuries>. The AIS is a standardized examination
consisting of a myotomal-based motor examination,
dermatomal-based sensory examination, and an anorectal
examination. The AIS further classifies injuries as a complete
or incomplete spinal cord injury. A complete spinal cord
injury is defined as the absence of all motor and sensory
functions, including sacral roots, distal to the site of injury.
These injuries are designated as being Grade A on the AIS.
Incomplete injuries are defined as those with some degree of
retained motor or sensory function below the site of injury.
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Patients with AIS Grade B injuries have some sensory func-
tion but no motor function. AIS Grade C injuries have a
motor grade less than 3 below the neurologic level of injury
while AIS Grade D injuries have a motor grade of at least
3 below the neurologic level of injury. Patients with Grade E
injuries have normal motor and sensory examinations, but
still may have abnormal reflexes or other neurologic
phenomena.

Surgical Time (Hours)

The surgical time was from the time the skin was cut
through to the time the wound was closed at the end of the
operation.

Volume of Surgical Bleeding (Milliliter)

Volume of surgical bleeding was defined as intraoperative
blood loss, as the amount of fluid in the aspirator minus the
amount of rinsed water.

Rate of Admission to the ICU (n%)
The rate of admission to the ICU was the proportion of
patients admitted to the ICU immediately after surgery.

Length of ICU Stay (Hours)
Length of ICU stay was defined as the period of confinement
of a patient to the ICU.

Duration of Mechanical Ventilation (Hours)

Duration of mechanical ventilation referred to the time that
the patient needs to use mechanical ventilation after surgery
due to medical factors.

Length of Hospital Stay (Days)
Length of hospital stay was defined as the period of confine-
ment of a patient to the hospital.

Postoperative Complications (n%)

Postoperative complications were defined as the pathologic
processes that affect patients after surgery, including infec-
tion, cardiovascular complication, poor wound healing,
and so on.

Elapsed Time of Patients Transported to Hospital by
Ambulance at Different Phases

The transfer phase referred to the time between the patient’s
call to the ambulance and the patient’s arrival at the hospital.
The inspection or examination phase was defined as the
physical examination and ancillary examination that must be
completed prior to surgery.

Statistical Analysis

All analyses were performed using IBM SPSS Statistics for
Windows, version 26.0 (IBMCorp., Armonk, N.Y., USA).
The chi-square test and Fisher exact test were used to com-
pare the differences in sex, etiology, preoperative AIS grade,
change in the AIS grade, preoperative complications,
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associated injuries, rate of admission to the ICU, and postop-
erative complications between the two groups. The T-test
was used to compare the differences in age, surgical time,
volume of surgical bleeding, length of ICU stay, duration of
mechanical ventilation, length of hospital stay, and the
elapsed time at different phases between the two groups. We
performed a generalized binary logistic regression analysis
that was adjusted for the confounding variables. The alpha
level was set to P < 0.05.

Results

Patients and Characteristics

A total of 163 patients who had acute SCI and were hospital-
ized were enrolled, including 60 patients in the early opera-
tion group and 103 patients in the delayed operation group,
and the final follow-up time was 52 weeks. Two patients died
and 13 patients were lost to follow-up. In the end, there were
55 patients in the early group and 93 patients in the delayed
group (Fig. 1).

The demographic and injury characteristics of the
patients finally included in the early group and delayed
group are shown in Table 2. The mean time to surgery was
13.7 h in the early group and 181.8 h in the delayed group.
In the early surgery group, 72.7% of the patients were male
and 27.3% were female, with an average age of
50.3 & 13.3 years. In the delayed surgery group, 72% of the
patients were male and 28% were female, with an average
age of 55.6 + 13.1 years. There was no difference in sex
between the two groups, but the delayed group was 5.25

Peking University People's Hospital: 51
Peking University Third Hospital: 41
Beijing Friendship Hospital Affliated to
Capital Medical University: 20
Chaoyang Hospital Affliated to
Capital Medical University: 20
Chinese PLA General Hospital: 31

v v

Early surgery Delayed surgery
60cases 103cases
1 death 1 death
4 lost to 9 lost to
follow-up follow-up

Early surgery
55cases

Delayed surgery
93cases

Fig. 1 Patient flow
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(95% CI 0.83-9.67) years older than the early group, which
was significant. The most common etiology of SCI in the
early group was a traffic accident (38.2%), and the most
common etiology of SCI in the delayed group was a fall
(35.5%). The incidence of preoperative complications and
associated injuries was significantly higher in the early group
than in the delayed group (10.9% vs 1.1%, P = 0.01; 43.6%
vs 17.2%, P < 0.01, respectively). In terms of the preoperative
AIS grade, the proportion of patients who were classified as
Grade A was significantly higher in the early surgery group
than in the delayed surgery group (32.7% vs 7.5%, P < 0.01),
while the proportion of patients who were classified as Grade
D was significantly lower in the early surgery group than in
the delayed surgery group (40.0% vs 72.3%, P < 0.01). The
injury segments of the two groups were mainly cervical
vertebrae.

Ordinal Change in the AIS Grade

The variation in the AIS grade among the follow-up time
points is shown in Table 3. At 6 weeks post-surgery, two
(6.1%) cases in the early surgery group and zero (0%) cases
in the delayed surgery group improved by at least two AIS
grades (P = 0.51). At 12 weeks post-surgery, five (15.2%)
cases in the early surgery group and one (4.3%) case in the
delayed surgery group improved by at least two AIS grades
(P = 0.38). At 52 weeks post-surgery, nine (27.3%) cases in
the early surgery group and two (8.7%) cases in the delayed
surgery group improved by at least two AIS grades
(P = 0.10) (Fig. 2). Since Grade D patients could not
improve by two AIS grades, we conducted a subgroup analy-
sis of these patients (Fig. 3). At 6 weeks post-surgery, six
(27.3%) cases in the early surgery group and 22 (31.4%)
cases in the delayed surgery group improved by one AIS
grade (P = 0.71). At 12 weeks post-surgery, 12 (54.5%) cases
in the early surgery group and 39 (55.7%) cases in the del-
ayed surgery group improved by one AIS grade (P = 0.92).
At 52 weeks post-surgery, 18 (81.8%) cases in the early sur-
gery group and 51 (72.9%) cases in the delayed surgery
group improved by one AIS grade (P = 0.40).

In the binary logistic regression analysis, after the
model was adjusted for preoperative complications, preoper-
ative associated injuries, and AIS grades, the odds of at least
a one-grade AIS improvement were 2.283 (95%CI 0.79-6.58,
P = 0.127) times higher among the patients who underwent
early surgery than among those who underwent delayed sur-
gery without statistical significance, and the odds of at least a
two-grade AIS improvement were 6.66 (95%CI 1.14-38.84,
P = 0.035) times higher among those who underwent early
surgery (table 4).

General Results

Compared to the delayed surgery group, the early surgery
group had a significant 0.49 h (95% CI 0.15-0.84) longer sur-
gical time, a significant 201.89 mL (95%CI 61.00-342.79)
larger volume of surgical bleeding, and a significantly higher
proportion of patients who were admitted to the ICU (67.3%
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TABLE 2 Patient demographics and injury characteristics
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The overall (N = 148) Early surgery (N = 55) Delayed surgery (N = 93) P-value

Time to surgery (mean + SD) 119.3 £ 175.7 13.7+ 7.2 181.8 +182.3
Age (years) 53.6 £13.3 50.3 £13.3 55.6 +13.1 0.020
Sex n (%) 1.000

Male 107 (72.3%) 40 (72.7%) 67 (72.0%)

Female 41 (27.7%) 15 (27.3%) 26 (28.0%)
Etiology 0.046

Slip 25 (16.9%) 6 (10.9%) 19 (20.4%)

Fall 21 (14.2%) 12 (21.8%) 9 (9.7%)

Tumble 46 (31.1%) 13 (23.6%) 33 (35.5%)

Traffic accident 45 (30.4%) 21 (38.2%) 24 (25.8%)

Crushed 1 (0.7%) 1 (1.8%) 0 (0.0%)

Assault 4 (2.7%) 0 (0.0%) 4 (4.3%)

Other 6 (4.1%) 2 (3.6%) 4 (4.3%)
Baseline AIS <0.001

A 25 (16.9%) 18 (32.7%) 7 (7.5%)

B 3 (2%) 2 (3.6%) 1(1.1%)

C 28 (18.9%) 13 (23.6%) 15 (16.1%)

D 92 (62.2%) 22 (40.0%) 70 (72.3%)
Pre-op complications 7 (4.7%) 6 (10.9%) 1 (1.1%) 0.011
Associated injury 40 (27.0%) 24 (43.6%) 16 (17.2%) 0.001
Injury segments 0.053

¢ 119 (80.4%) 40 (72.7%) 79 (84.9%)

T 29 (19.6%) 15 (27.3%) 14 (15.1%)
Surgical time (hours) 27+1.1 3+1.3 2.5+0.8 0.006
Surgical bleeding (ml) 309.9 + 429 436.7 + 403.0 234.8 +428.3 0.005
Admission to ICU 49 (33.1%) 37 (67.3%) 12 (12.9%) <0.001
length of ICU stay (hours) 193.2 + 665.8 217.6 £ 762.8 118.3 + 148.6 0.658
Mechanical ventilation time (hours) 100.8 £ 199.5 92.2 + 166.2 127.3 + 286.7 0.601
Length of hospital stay (days) 14.6 +10.8 16.4 +11.9 13.6 +10.0 0.119
Complications 4 (2.7%) 2 (3.6%) 2 (2.2%) 0.628
Abbreviations: AIS, ASIA impairment scale; ICU, the intensive care unit.

vs 12.9%, P < 0.01). However, there was no difference in the Discussion

length of ICU stay or duration of mechanical ventilation.
There was no significant difference in the length of hospital
stay between the early surgery group and the delayed surgery

group.

Distribution of Elapsed Time (Hours)

The elapsed time of patients transported to hospital by
ambulance at different phases is shown in Table 5. The delay
surgery group consumed significantly more time in the
phases of transfer (8.50 vs 4.47, P < 0.01) and inspection or
examination (36.3 vs 5.2, P <0.01) than the early surgery
group. And the Chinese regional trauma treatment system
was more widely used in the early surgery group than the
delayed surgery group (46.5% vs 10.0%, P < 0.01).

Postoperative Complications

The incidence of postoperative complications was 3.6% in
the early operation group and 2.2% in the delayed operation
group, which was not significantly different, and all of the
complications were pulmonary infections. All the complica-
tions were cured after systematic treatment.

We successfully conducted a prospective, multicenter
nonrandomized controlled trial on the effects of early
surgery on the outcomes of patients with acute SCI. A total
of 148 patients with acute SCI were included eventually, with
a loss to follow-up rate of 9.2%. Compared with other similar
studies”'" > 2% our study had a larger sample size, a lower
missing rate, and relatively more comprehensive statistical
records.

Controversial Optional Timing

The hypothesis that early surgery may be beneficial for
patients with acute SCI is based on the pathophysiology of
acute SCI and laboratory evidence’. The pathophysiology
of acute SCI is considered to include primary and secondary
mechanisms'> '*. Animal experiments and preclinical studies
have shown that decompression after injury can effectively
reduce secondary injuries, and the strength of this neuro-
protective effect is inversely correlated with time'>™'®. How-
ever, in animal models, the time between surgery and injury
is usually less than 8 h**, which is inconsistent with that in
clinical practice. The time between surgery and injury is del-
ayed by the transit time, preoperative examination time, and
other processes. Therefore, the exact timing of early surgery
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TABLE 3 Variation of AIS grade at 6, 12, 52 weeks (the over-

all, the early surgery, the delayed surgery)

Preoperative
AlS
grade A B C D E Total
6 weeks

The overall A 19 4 2 0 [¢] 25
B o 0 3 0 ] 3
C 0O 0 6 22 0] 28
D 0O O O 64 28 92
The early A 14 2 2 0 0 18
surgery B 0o 0 2 0 6] 2
C 0O O 3 10 6] 13
D 0O O O 16 6 22
The A 5 2 0 0 6] 7
delayed B 0o O 1 0 [¢] 1
surgery C o o0 3 12 0] 15
D 0O O 0 48 22 70

12 weeks
The overall A 19 3 2 1 ] 25
B o o 3 0 (] 3
C 0O O 5 20 3 28
D 0O O O 41 51 92
The early A 14 1 2 1 ] 18
surgery B o o0 2 0 0] 2
C o 0 3 8 2 13
D O O O 10 12 22
The A 5 2 0 0 0] 7
delayed B 0 0 1 0 0 1
surgery C 0O O 2 12 1 15
D 0O O O 31 39 70

52 weeks
The overall A 19 3 2 1 0] 25
B o o0 2 1 ] 3
C o o0 4 17 7 28
D O O O 23 69 92
The early A 14 1 2 1 0 18
surgery B 0O o0 1 1 0 2
C o o0 2 6 5 13
D 0O 0 © 4 18 22
The A 5 2 0 0 0] 7
delayed B 0O o0 1 0 0 1
surgery C O o0 2 11 2 15
D O 0O 0 19 51 70

Abbreviations: AlS, ASIA impairment scale.

in clinical practice is quite controversial, and early surgery is
mainly defined as surgery performed within 24 or 72 h after
injury”® *’. However, an increasing number of large stud-
ies” " 1% 2% ysed 24 h as the threshold for early surgery. The
results of the latest meta-analysis'> suggest that there are dif-
ferences between patients who undergo surgery within 24 h
or more than 24 h after injury in neurological functional
recovery, postoperative complications, and the length of hos-
pital stay. There are also clinical studies that have defined
8 h as the threshold for early surgery®®, but it is usually diffi-
cult to perform surgery within 8 h in our clinical practice.
Therefore, we chose 24 h as the early surgery threshold.
Acute SCI is often an emergency, and the patients
included in the study were grouped by objective criteria.

EARLY SURGERY ON PATIENTS WITH ACUTE SCI

03
0.25

0.2
015

0.1
0.05 .

C ]
6 week 12 week
mEarly surgery = Delayed surgery

Fig. 2 Improved by at least two AIS grades (for patients with
preoperative A, B, or C grade)

Therefore, the demographic and injury characteristics of the
two groups in this study were significantly different.
The most common etiology of SCI in the patients in the
early group was a traffic accident, while it was a fall in the
delayed group. The AIS grade of the early group was signifi-
cantly lower than that of the delayed group, and the inci-
dence of complications and associated injuries of the early
group was significantly higher than that of the delayed
group. Since the etiology of SCI was mainly a fall in the del-
ayed surgery group, the patients had relatively minor inju-
ries, there were few associated injuries and complications,
and the AIS grade was relatively good. Thus, these patients
did not go to the hospital in a timely manner and they could
only be included in the delayed operation group.

Ordinal Change in the AIS Grade

In terms of AIS grade improvement, the AIS grade improved
by at least one grade in more patients in the delayed surgery
group than in the early surgery group among the follow-up
time points, but the difference between groups was not sig-
nificant. However, considering the differences in injury

05

04

03

02

01

0
52

6 week 2 week

12 week

mEarly surgery  ® Delayed surgery

Fig. 3 AIS improved by one grade in the patients with preoperative D
grade
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TABLE 4 Results of binary logistic regression model assessing
the effect of early vs late surgical decompression, adjusted for

preoperative complications, preoperative associated injury, and
AIS grades

0Odds ratio with 95% CI P-value
Early vs Late surgery 2.283 (95%CI 0.79-6.58) 0.127
>1 grades AIS improvement
Early vs Late surgery 6.66 (95%CI 1.14-38.84) 0.035

>2 grades AIS improvement

Abbreviations: AlS, ASIA impairment scale.

characteristics between the two groups, this slight difference
between groups does not indicate an advantage of delayed
surgery. Since Grade D patients could not improve by two
AIS grades, we conducted a subgroup analysis of these
patients. At 52 weeks, the primary outcome of the early
group was superior to that of the delayed group, but the dif-
ference was not statistically significant. In terms of AIS grade
improvement, the AIS grade improved by at least two grades
in more patients in the early surgery group than in the del-
ayed surgery group among the follow-up time points.
Although the differences were not statistically significant,
they were obvious. And in the binary logistic regression anal-
ysis, the odds of at least a two-grade AIS improvement were
6.66 (95%CI 1.14-38.84, P = 0.035) times higher among
those who underwent early surgery. Taking the differences in
injury characteristics between the two groups into account,
we believe that early surgery can help patients recover more
quickly with better outcomes.

Wilson et al.® enrolled 55 patients with acute SCI, and
the average follow-up time was 89.6 days. A total of 40.9% of
the patients in the early surgery group and 30.3% in the del-
ayed surgery group showed AIS grade improvement by at
least one grade, 27.2% in early surgery group and 3% in del-
ayed surgery group showed improvement by at least two
grades. The Surgical Timing in Acute Spinal Cord Injury
Study (STASCIS)’, a multicenter, international cohort study,
concluded that the odds of AIS grade improvement by at
least two grades was 2.8 times higher in the early group than
in the delayed surgery group, with a loss to follow-up rate of
27% at 6 months post-surgery. Muhammad et al.'® enrolled
98 patients with acute SCI, and the average follow-up time
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was 6 months. A total of 23.3% of the patients in the early
surgery group and 8.7% in the delayed surgery group showed
improvement by at least two grades. This finding is consis-
tent with our findings, which showed that early surgery is
associated with better neurologic outcomes, as defined by at
least a two-grade AIS improvement.

General Indicator

In terms of the volume of surgical bleeding, surgical time,
and rate of admission to the ICU, our results suggest that
early surgery is worse than delayed surgery, which may be
because early surgery is performed in the acute stage of
injury when the condition of the patient is poor. Etienne
et al.** concluded that the incidence of postoperative compli-
cations of the patients who underwent surgery within 24 h
postinjury was much lower than that of the patients who
underwent surgery more than 24 h postinjury. Our data sug-
gest that the incidence of postoperative complications in the
early group is lower than that in the delayed group, without
a statistically significant difference.

In terms of medical burden, our data suggest that the
mean lengths of ICU stay and hospital stay in the early
group were slightly longer. This result was not consistent
with the results of other studies. Dvorak et al'' and Mac-
Thiong et al.'® suggest that resource utilization in terms of
costs and the length of hospital stay is decreased with early
surgery compared with delayed surgery after acute SCI. The
inconsistency can be explained by the fact that the patients
in the early surgery group in our study had more preopera-
tive complications and associated injuries and worse
conditions.

Regional Trauma Treatment System

The delay surgery group consumed significantly more time
in the phases of transfer and inspection or examination than
the early surgery group. In the early surgery group,
20 (46.5%) cases used the Chinese regional trauma treatment
system, which was significantly higher than three (10%) cases
in the delayed surgery group. The Chinese regional trauma
treatment system can coordinate the pre-hospital transport
and in-hospital medical resources, and the establishment of a
mature trauma treatment system can improve the first aid
awareness of medical staff, so that the transport and treat-
ment efficiency of patients with acute SCI can be improved
significantly®®” 2'.

TABLE 5 The elapsed time of patients transported to hospital by ambulance at different phases (hours)

Transfer Inspection or examination Other Total The use of Chinese RTTS
Early surgery (n = 43) 4.47 5.2 4.1 14.1 20 (46.5%)
Delayed surgery (n = 30) 8.50 36.3 32 76.6 3 (10.0%)
P-value <0.001 <0.001 <0.001 <0.001 <0.001

Abbreviations: RTTS, regional trauma treatment system.
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Limitations
Our study has many inherent limitations. The first limita-
tion is the difference in the study populations from the
five hospitals, which may affect the timing of surgery, post-
operative nursing care, and the length of hospital stay. Fur-
thermore, it is obvious that the differences in the
demographic and injury characteristics between the two
groups are large. The early surgery group had a lower AIS
grade, more complications, and more associated injuries.
Third, due to the complicated Chinese medical payment sys-
tem, we excluded medical expenses in our research content.

Conclusion

Based on our results, we can conclude that for patients with
acute SCI, surgical decompression performed at or before
24 h postinjury has the potential to result in superior neuro-
logical recovery compared with that of delayed surgery per-
formed more than 24 h postinjury, without increases in the
complication rate, medical burden, or risks of surgery. How-
ever, we still need to conduct studies with larger sample
sizes, more detailed subgroup analyses, and more rigorous
study designs to account for the demographic and injury dif-
ferences caused by the use of objective criteria to group
patients. The Chinese regional trauma treatment system can
improve the diagnosis and treatment efficiency of patients
with acute spinal cord injury and speed up the operation
timing.
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