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Abstract

Traumatic spinal cord injury is potentially catastrophic and can lead to permanent disability or even death. China has the largest population of patients with
traumatic spinal cord injury. Previous studies of traumatic spinal cord injury in China have mostly been regional in scope; national-level studies have been

rare. To the best of our knowledge, no national-level study of treatment status and economic burden has been performed. This retrospective study aimed to
examine the epidemiological and clinical features, treatment status, and economic burden of traumatic spinal cord injury in China at the national level. We
included 13,465 traumatic spinal cord injury patients who were injured between January 2013 and December 2018 and treated in 30 hospitals in 11 provinces/
municipalities representing all geographical divisions of China. Patient epidemiological and clinical features, treatment status, and total and daily costs were
recorded. Trends in the percentage of traumatic spinal cord injuries among all hospitalized patients and among patients hospitalized in the orthopedic
department and cost of care were assessed by annual percentage change using the Joinpoint Regression Program. The percentage of traumatic spinal cord
injuries among all hospitalized patients and among patients hospitalized in the orthopedic department did not significantly change overall (annual percentage
change, —0.5% and 2.1%, respectively). A total of 10,053 (74.7%) patients underwent surgery. Only 2.8% of patients who underwent surgery did so within 24
hours of injury. A total of 2005 (14.9%) patients were treated with high-dose (> 500 mg) methylprednisolone sodium succinate/methylprednisolone (MPSS/
MP); 615 (4.6%) received it within 8 hours. The total cost for acute traumatic spinal cord injury decreased over the study period (—4.7%), while daily cost did
not significantly change (1.0% increase). Our findings indicate that public health initiatives should aim at improving hospitals’ ability to complete early surgery
within 24 hours, which is associated with improved sensorimotor recovery, increasing the awareness rate of clinical guidelines related to high-dose MPSS/MP
to reduce the use of the treatment with insufficient evidence.
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Introduction

Traumatic spinal cord injury (TSCI) can lead to permanent disability or even
death (Jain et al., 2015; National Spinal Cord Injury Statistical Center, 2016;
Li and Jia, 2023). Treatment includes surgery, glucocorticoids, or other
nonsurgical treatments which are followed by a period of rehabilitation
(Hansebout, 2022). These treatments cause a heavy financial burden to
patients and their families, with direct costs in the United States ranging
from 1.1 to 4.7 million United Stated dollars (USD) per patient over a lifetime
(National Spinal Cord Injury Statistical Center, 2016). Over the past three
decades, understanding of the global burden of TSCI has increased thanks
to epidemiological studies such as the Global Burden of Disease (GBD) Study
(GBD 2016 Traumatic Brain Injury and Spinal Cord Injury Collaborators, 2019),
which concluded that the number of people with TSCI around the world
will increase in the future (The Institute for Health Metrics and Evaluation,
2022). However, the study did note some limitations with the accuracy
of its data in some regions and did not collect injury severity data, which
limited its estimates of disease burden (Badhiwala et al., 2019). The authors
recommended further research in developing countries and collection of
more comprehensive TSCI data (Badhiwala et al., 2019).

As one of the most populous countries in the world, China is an important
developing nation that can significantly influence the global rate of TSCI (The
Institute for Health Metrics and Evaluation, 2022). Furthermore, the current
data available from China is largely regional in nature and has significant
methodological limitations (Yuan et al., 2018). National epidemiological
and clinical studies have been rare. Although Hao et al. (2021) reported
epidemiological characteristics of TSCI in China, their study did not examine
treatment status or economic burden. This study aimed to identify modern
epidemiological and clinical features of TSCI in China, particularly treatment
status and economic burden.

Methods

The study was conducted in accordance with the principles of the Declaration
of Helsinki and was approved by the Medical Research Ethics Committee of
Tianjin Medical University General Hospital (approval No. IRB2021-WZ-189)
and the other participating centers. Data were collected from January to
June 2019. The requirement for informed consent was waived because
of the retrospective nature of the study. Reporting is in accordance with
the STrengthening the Reporting of OBservational studies in Epidemiology
(STROBE) statement (von Elm et al., 2007).

Study population

The Chinese multicenter TSCI registry project (CMTSCIRP, ChiCTR1800019691)
is a nationally representative, hospital-based retrospective study that
registered individuals over 15 years of age who sustained a TSC| between
January 2013 and December 2018 and were cared for in a large general
hospital or orthopedic specialty center. The sites included 30 hospitals from
seven geographical regions (central China, northern China, eastern China,
southern China, northwest China, southwest China, and northeast China)
and four municipalities (Beijing, Shanghai, Tianjin, and Chongging). The
complete list of hospitals is shown in Additional Table 1. For each region or
municipality, we selected between two and four hospitals that were either
large general hospitals or orthopedic specialty centers (Figure 1). Patients
who died at the injury site or in the emergency department or who sustained
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a non-traumatic spinal cord injury (e.g., tumor or degenerative compression)
were excluded.

Justification of sample size

Our study only described status and did not perform any statistical inferences.
Thus, no formal sample size calculation was needed. It also fits with a recently
published guideline regarding the framework for descriptive epidemiology
(Lesko et al., 2022).

Identification of TSCI
SCl is defined as damage to the spinal cord that temporarily or permanently
causes functional change. TSCI occurs when the damage is caused by acute
external physical impact (Ahuja et al., 2017). TSCI cases were identified
mainly using medical terms in Chinese (“spinal fractures”, “cervical fractures”,
“thoracic fractures”, “lumbar fractures”, “sacral fractures”, “spinal cord injury”,
“cervical spine fracture with spinal cord injury”, “thoracic spine fracture
with spinal cord injury”, “lumbar spine fracture with spinal cord injury”,
“cervical spinal cord injury”, “thoracic spinal cord injury”, “lumbar spinal cord
injury”, “cauda equina injury”, “nerve injury”, “quadriplegia”, “paraplegia”,
“incomplete quadriplegia”, and “incomplete paraplegia”), as it was difficult to
unify case codes because of diversities in codes used by different hospitals.
The Tenth Revision of the International Classification of Diseases codes
(Clark and Marshall, 2022) involving TSCI from the International Spinal
Cord Injury Community Survey Group was also used to complement and
refine the medical terms [S12 (fracture of the neck), S12.0 (fracture of first
cervical vertebra), S12.2 (fracture of other specified cervical vertebra), $13.0
(traumatic rupture of cervical intervertebral disk), S13.2 (dislocation of other
and unspecified parts of neck), S13.4 (sprain and strain of cervical spine), S14
(injury of nerves and spinal cord at neck level), S14.0 (concussion and edema
of cervical spinal cord), S14.1 (other and unspecified injuries of cervical spinal
cord), S17 (crushing injury of neck), S19 (other and unspecified injuries of
neck), S22 (fracture of ribs, sternum and thoracic spine), S22.0 (fracture
of thoracic vertebra), S23.1 (dislocation of thoracic vertebra), S24 (injury
of nerves and spinal cord at thorax level), $24.0 (concussion and edema of
thoracic spinal cord), S24.1 (other and unspecified injuries of thoracic spinal
cord), S28 (crushing injury of thorax and traumatic amputation of part of
thorax), S29 (other and unspecified injuries of thorax), S32 (fracture of lumbar
spine and pelvis), S32.0 (fracture of lumbar vertebra), $S33.1 (dislocation
of lumbar vertebra), S34.0 (concussion and edema of lumbar spinal cord),
S34.1 (other injury of lumbar spinal cord), S34.3 (injury of cauda equina), S38
(crushing injury and traumatic amputation of part of abdomen, lower back
and pelvis), S39 (other and unspecified injuries of abdomen, lower back and
pelvis), T02.0 (fractures involving head with neck), T02.1 (fractures involving
thorax with lower back and pelvis), T04.1 (crushing injuries involving thorax
with abdomen, lower back and pelvis), T04.2 (crushing injuries involving
multiple regions of upper limbs), T06.0 (injuries of brain and cranial nerves
with injuries of nerves and spinal cord at neck level), T06.1 (injuries of nerves
and spinal cord involving other multiple body regions), T09.3 (injury of spinal
cord, level unspecified), T09.4 (injury of unspecified nerve, spinal nerve root
and plexus of trunk), T91.1 (sequelae of fracture of spine), T91.3 (sequelae
of injury of spinal cord), G82 (paraplegia and tetraplegia), G82.0 (flaccid
paraplegia), G82.1 (spastic paraplegia), G82.2 (paraplegia, unspecified),
G82.3 (flaccid tetraplegia), G82.4 (spastic tetraplegia), G82.5 (tetraplegia,
unspecified), G83.4 (cauda equina syndrome)] (Gross-Hemmi et al., 2017). All
cases were checked by trained investigators.
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Figure 1 | Study flow chart.
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Covariates

Age groups included 15-24, 25-34, 35-44, 45-54, 55-64, and > 65 years.
Occupations included farmer, worker, retired, office clerk, student, self-
employed, civil servant, driver, and other (e.g., teacher, unemployed, or
freelancer) based on the medical records. Injury cause was grouped as low
fall (< 1 m), high fall (> 1 m), traffic accident, struck by falling object, sport-
related, and other (e.g., work-related injury, sharp injury, massage-related
injury, electric shock injury, gunshot, crush injury, or iatrogenic injury). Level of
injury comprised cervical, thoracic, lumbosacral, multi-site, and cauda equina.
Multi-site referred to at least two different segments of injury (Selvarajah et
al., 2014). Injury severity was classified as complete quadriplegia, complete
paraplegia, incomplete quadriplegia, and incomplete paraplegia based on
the degree and extent of neurological damage (Rodakowski et al., 2014).
The American Spinal Injury Association Impairment Scale (AIS) (Wecht et al.,
2021), which is based on motor and sensory function and divided into grades
A, B, C, D, and E, was used to evaluate neurological function (Additional
file 1 and Additional Table 2; Roberts et al., 2017). Groups with less than
1% of the total number of patients were categorized as “other” to increase
the reproducibility of the results (Harrell Jr, 2015). Timing of surgery was
classified as < 24 hours, < 4.0 days, 4.0-11.9 days, and > 11.9 days based on
a previous study (Badhiwala et al., 2021) and the interquartile distribution of
the data in this study. Off-label use of methylprednisolone sodium succinate
(MPSS)/methylprednisolone (MP) for TSCI remains contentious (Hansebout,
2022); therefore, we defined 500 mg of MPSS/MP as a threshold, based on
the user guide (DXY Drugs Information, 2022). The starting time of MPSS/MP
administration was classified as < 1.6 days, 1.7-9.0 days, and > 9.0 days. The
length of accumulated use time was classified as < 2 days, 3-5 days, and > 6
days (details are shown in Additional file 2).

Study data

The primary data recorded included percentage of TSCls among all hospitalized
patients and among hospitalized patients in the orthopedic department, rate
of surgery, timing of surgery, rate of MPSS/MP use, timing of MPSS/MP use,
and total and daily costs. Secondary data included measurements of the above
in individual hospitals and different subgroups, length of MPSS/MP use, and
length of hospital stay. Percentage of TSCls among all hospitalized patients
was calculated as the number of TSCI patients/the number of total hospital
admissions. Percentage of TSCls among hospitalized patients in the orthopedic
department was calculated as the number of TSCI patients/the number of total
orthopedic department admissions. Trends in data over time were examined.
As exploratory analyses, we calculated data trends for each participating
hospital and performed subgroup analyses based on hospital type (general
hospital vs. orthopedic hospital) and economic level (Additional file 3). Because
the number of annual TSCI admissions varied considerably between hospitals,
we explored the relationship between number of annual TSCI admissions
and trends in percentages (Additional file 4). MPSS/MP use was classified as
continuous or intermittent. Intermittent use was defined as two or more dose
administrations during hospitalization, with at least 1 day between. The length
of MPSS/MP use was defined as the total number of days that MPSS/MP was
used. Details for time-point cut-offs of MPSS/MP are shown in Additional file
2. The total and daily costs were the costs incurred during hospitalization for
acute TSCI and were identified from the medical record. Acute TSCI was defined
as hospital admission within 14 days of the injury. The total and daily costs
were converted to 2013 Chinese Yuan (CNY), discounted at an annual rate of
5%, as recommended by the 202 Chinese Guidelines for Pharmacoeconomic
Evaluations (Liu, 2020). The exchange rate used to convert 2013 CNY to USD
was 619.32 to 100. Costs are presented in both CNY and USD (National Bureau
of Statistics, 2022). Non-acute TSCI patients were not included in the economic
analysis because they are treated differently than acute TSCI patients and their
inclusion would have introduced bias (Hansebout, 2022).

Statistical analysis

Continuous variables are presented as means with standard deviation.
Categorical variables are presented as numbers with percentage. Trends
in percentages and costs were assessed by annual percentage change
(APC) (Additional file 5; Zhao et al., 2008) using the regression model log
(rt) = a + bt, where log denotes the natural logarithm and t represents the
calendar year (Salomaa et al., 1992); trend (b) was estimated using ordinary
regression and 100 x b represents the estimated APC (Salomaa et al., 1992).
The Joinpoint Regression Program version 4.8.0.1 (Statistical Methodology
and Applications Branch, Surveillance Research Program, National Cancer
Institute, Bethesda, MD, USA) was used to calculate APC (National Cancer
Institute, 2022). Analysis of demographic and clinical features, treatment
status, and economic burden was performed using SPSS Statistics Grad
Pack 27.0 (IBM Corp., Armonk, NY, USA). Simple linear regression and figure
drawing were performed using Prism version 9.0.2 (GraphPad Software, San
Diego, CA, USA). Statistical significance was defined as two-tailed P < 0.05.

Results

Epidemiological and clinical features

A total of 13,465 TSCI patients were included and 10,196 were men (75.7%).
Mean age overall was 50.0 years. Patient demographic and clinical features
are shown in Table 1. Among the six age groups, the proportion of patients
in the 45-54 years group was highest (27.7%). Most patients were farmers
(38.8%). The top three causes of TSCI were: low falls (30.1%), high falls (29.4%),
and traffic accidents (24.1%). Most injuries were in the cervical spine (61.3%)
and most presented as incomplete quadriplegia (44.2%). Almost half (48.0%)
were classified as AIS grade D on admission, followed by grade A (25.5%).

Table 1 | The demographic and clinical features among TSCI patients from 2013 to
2018

Categories Men Women Total
N 10196 (75.7) 3269 (24.3) 13465 (100.0)
Age (yr) 49.3+14.4 52.2+15.2 50.0+14.6
Age groups
15-24 yr 549 (5.4) 156 (4.8) 705 (5.2)
25-34 yr 1169 (11.5) 289 (8.8) 1458 (10.8)
35-44 yr 1848 (18.1) 494 (15.1) 2342 (17.4)
45-54 yr 2872 (28.2) 861 (26.3) 3733 (27.7)
55-64 yr 2301 (22.6) 739 (22.6) 3040 (22.6)
>65yr 1457 (14.3) 730 (22.3) 2187 (16.2)
Occupations
Farmers 3973 (39.0) 1245 (38.1) 5218 (38.8)
Workers 1291 (12.7) 223 (6.8) 1514 (11.2)
Retired 562 (5.5) 339 (10.4) 901 (6.7)
Office clerks 451 (4.4) 162 (5.0) 613 (4.6)
Students 204 (2.0) 104 (3.2) 308 (2.3)
Self-employed 197 (1.9) 65 (2.0) 262 (1.9)
Civil servants 131(1.3) 64 (2.0) 195 (1.4)
Drivers 118 (1.2) 28(0.9) 146 (1.1)
Others' 2653 (26.0) 845 (25.8) 3498 (26.0)
Missing'! 616 (6.0) 194 (5.9) 810 (6.0)
Etiological groups
Low falls 2853 (28.0) 1196 (36.6) 4049 (30.1)
High falls 3141 (30.8) 812 (24.8) 3953 (29.4)
Traffic accidents 2459 (24.1) 783 (24.0) 3242 (24.1)
Struck by falling objects 697 (6.8) 103 (3.2) 800 (5.9)
Sport related injuries 93(0.9) 55(1.7) 148 (1.1)
Others’ 610 (6.0) 222 (6.8) 832 (6.2)
Missing'! 343 (3.4) 98 (3.0) 441 (3.3)
Level of injury
Cervical 6580 (64.5) 1674 (51.2) 8254 (61.3)
Thoracic 1554 (15.2) 606 (18.5) 2160 (16.0)
Lumbosacral 1751 (17.2) 850 (26.0) 2601 (19.3)
Multi-site 119(1.2) 56 (1.7) 175 (1.3)
Cauda equina 21(0.2) 8(0.2) 29(0.2)
Missing!! 171(1.7) 75(2.3) 246 (1.8)
Severity
Complete quadriplegia 1412 (13.8) 277 (8.5) 1689 (12.5)
Complete paraplegia 2061 (20.2) 609 (18.6) 2670 (19.8)
Incomplete quadriplegia 4653 (45.6) 1303 (39.9) 5956 (44.2)
Incomplete paraplegia 1905 (18.7) 1027 (31.4) 2932 (21.8)
Missing!! 165 (1.6) 53(1.6) 218 (1.6)
AlS grade’
A 2744 (26.9) 684 (20.9) 3428 (25.5)
B 758 (7.4) 196 (6.0) 954 (7.1)
C 1819 (17.8) 473 (14.5) 2292 (17.0)
D 4637 (45.5) 1820 (55.7) 6457 (48.0)
E 134 (1.3) 63 (1.9) 197 (1.5)
Missing!! 104 (1.0) 33(1.0) 137 (1.0)

T “Others” included “Teachers”, “Unemployed” and “Freelances”. ¥ “Others” included
“Injuries caused by others”, “Work related injuries”, “Sharp injuries”, “Massage related
injuries”, “Electric shock injuries”, “Gunshot wounds”, “Crush injuries”, and “latrogenic
injuries”. § AlS grade A represents complete impairment with no motor or sensory
function below the level of injury; grades B—D represent progressively less severe
impairment; AlS grade E represents normal motor and sensory examinations, but still
may have abnormal reflexes or other neurologic phenomena. || “Missing” represented
those patients for whom the exact classification of the subgroup could not be confirmed.
Data are expressed as number (percentage) with the exception of age (mean + SD). AIS:
American Spinal Injury Association (ASIA) Impairment Scale; SD: standard deviation; TSCI:
traumatic spinal cord injury.

From 2013 to 2018, the percentage of TSCls among all hospitalized patients
(APC, -0.5%; 95% confidence interval [Cl], -3.8-2.9%) and among patients
hospitalized in the orthopedic department (APC, 2.1%; 95% Cl, -4.1-8.6%) did
not significantly change overall; however, APCs varied among the individual
hospitals (Figure 2 and Additional Figure 1). The percentage of TSCls among
all hospitalized patients and among patients hospitalized in the orthopedic
department did not significantly change in the different subgroups (Additional
Table 3). However, the percentage of TSCls among all hospitalized patients
(APC, 8.4%; 95% Cl, 3.4-13.7%, P = 0.009) and among patients hospitalized
in the orthopedic department (APC, 7.5%; 95% Cl, 2.4-12.9%; P = 0.015)
increased when the number of annual TSCI admissions was greater than 140
(Additional Figure 2).
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Figure 2 | Trends in the percentage of traumatic spinal cord injuries among
all hospitalized patients (A) and among patients hospitalized in the orthopedic
department (B) in 20 hospitals from 2013 to 2018.

APC: Annual percentage change; Cl: confidence interval.

Treatment status

Surgery

Surgery after TSCI was performed in 10,053 patients overall (74.7%). Table
2 shows the treatment methods and timing of surgery. The surgery rate was
highest in patients aged 15-24 years (77.7%). Among the different etiological
groups, the surgery rate was highest in the high falls group (81.3%). Patients
with cauda equina had the highest surgery rate among the different levels
of injury (93.1%). Patients with complete paraplegia (80.5%) and AlS grade
B (82.0%) had the highest surgery rates among the different injury severities
and AIS grades, respectively. Timing of surgery data was available in 10,020
patients; among these, 284 (2.8%) underwent surgery in less than 24 hours
of injury and 2471 (24.7%) underwent surgery in less than 4.0 days. In the
remaining patients, 5030 patients (50.2%) underwent surgery within 4.0 to
11.9 days and 2519 (25.1%) underwent surgery more than 11.9 days after
injury.

Glucocorticoids

High-dose MPSS/MP (= 500 mg) was administered in 2005 patients overall
(14.9%); among these, 615 (30.7%) received it within 8 hours. Regular-dose
MPSS/MP (< 500 mg) was administered in 4994 patients (37.1%); among
these, 4665 (93.4%) received continuous dosing and 329 (6.6%) received
intermittent dosing (Figure 3 and Additional Table 4).
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Figure 3 | Use of methylprednisolone sodium succinate (MPSS)/methylprednisolone
(MP) among traumatic spinal cord injury patients during hospitalization.
(A) High-dose MPSS/MP (> 500 mg). (B) Continuous normal-dose MPSS/MP (< 500 mg).
(C) Intermittent normal-dose.

Neurotrophic drugs, dehydrants, and cathartics

Neurotrophic drugs were administered in 8727 patients overall (64.8%); the
most common ones administered were ganglioside (4650 patients, 53.3%),
mouse nerve growth factor (2504 patients, 28.7%), and mecobalamin (2364
patients, 27.1%). A dehydrant was administered in 8095 patients (60.1%);
mannitol was the most commonly used dehydrant (6814 patients, 84.2%).
Cathartics were administered in 1236 patients (9.2%); glycerin/glycerine
enema was the most commonly used agent (1164 patients, 94.2%; Additional
Table 5).

Economic burden and length of hospital stay

Mean total cost among the 10,945 acute TSCI patients was 71,300 CNY/11,500
USD. Mean daily cost was 4400 CNY/700 USD. Both mean total and daily
costs decreased gradually with age. Among the occupational categories,
mean total and daily costs were highest in workers (80,700 CNY/13,000 USD
total and ¥4400, $ 700 daily). Among the etiological groups, mean total cost
was highest in patients struck by falling objects (97,300 CNY/15,700 USD)
while mean daily cost was highest in high falls (4800 CNY/800 USD). Among
the levels of injury, mean total cost was highest in cauda equina (94,100
CNY/15,200 USD) and mean daily cost was highest in the multi-site group
(5200 CNY/800 USD). Both mean total and daily costs increased as AIS grade
increased from E to A. The mean length of hospital stay was 20.0 + 26.5 days
(Table 3 and Additional Table 6).

Between 2013 and 2018, the total cost for TSCI significantly decreased (APC,
-4.7%; 95% Cl, -6.3—3.1%; P = 0.001). Daily cost did not significantly change
overall (APC, 1.0%; 95% Cl, —1.4—3.5%; P = 0.300) nor in men (APC, 0.5%; 95%
Cl, -2.0-3.1%; P = 0.602) or women (APC, 1.5%; 95% Cl, -1.5-4.7%, P = 0.240).
Daily cost did not significantly change in any age group except for the > 65
years group (APC, 2.9%; 95% Cl, 0.1-5.9%; P = 0.045). Mean length of hospital
stay decreased (APC, -4.8%; 95% Cl, -8.7 to -0.8%; P = 0.030; Additional
Tables 6 and 7).
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Discussion

In this retrospective, multicenter, hospital-based, nationwide study of the
epidemiological and clinical features, treatment status, and economic burden
of TSCI in China from 2013 to 2018, we found that the percentages of TSCls
among all hospitalized patients and among patients hospitalized in the
orthopedic department did not significantly change overall; however, the
percentage of TSCls among both groups increased when the number of TSCls
per year was greater than 140. We also described the various treatments
(surgery, MPSS/MP, neurotrophic drugs, dehydrants, and cathartics) in detail.
Total cost for acute TSCI decreased over the study period, while daily cost did
not significantly change.

Our epidemiological features, such as gender (75.7% men) and mean age
(50.0 years) were consistent with those reported in previous studies of TSCI
in China (Wang et al., 2013; Ning et al., 2016; Yuan et al., 2018; Li et al.,
2019; Liu et al., 2022). In previous studies conducted in other countries,
men also accounted for between 70% and 80% of all TSCI patients (National
Spinal Cord Injury Statistical Center, 2016; Smith et al., 2018; Halvorsen et al.,
2019; Miyakoshi et al., 2021). This male predominance might be explained
by the fact that men are more likely to work in high-risk jobs (falls from
working at heights) or be exposed to other causes of SCI (e.g., sports-related
accidents, violent injuries) (Abbas et al., 2019; Furlan et al., 2019; Zhang et
al., 2021). The mean age of TSCI patients in previous studies from Norway,
Ireland, and Japan was also similar to ours (Smith et al., 2018; Tafida et al.,
2018). However, our mean age was significantly higher than that reported
in a 2016 study from the United States (42 years), which might be related to
differences in SCI cause (National Spinal Cord Injury Statistical Center, 2016).
From 2010 to 2016, China had the highest number of SCIs caused by low
falls (approximately 30%) and high falls (29.4%), whereas the United States
had the highest number of SCIs caused by vehicle crashes (approximately
38%) and a significant proportion of violent injuries (13.5%). Both of which
were more likely to occur in a younger age group (National Spinal Cord Injury
Statistical Center, 2016). In our study, a high proportion of TSCI patients were
farmers (38.8%), which differs from epidemiological studies in Turkey and
Mexico (Guzelkuglk et al., 2015; Zarate-Kalfépulos et al., 2016). This may
reflect the type of work that workers in China are undertaking. Injuries caused
by high-risk construction, which increases the risk of a fall from an elevated
height, made up 29.4% of all TSClIs (National Bureau of Statistics, 2022).

From 2013 to 2018, the percentage of TSCls among all hospitalized patients
and patients hospitalized in the orthopedic departments did not significantly
change overall. This finding is similar to the trend of age-standardized
incidence rates of SCI in China reported in the GBD study (GBD 2016
Traumatic Brain Injury and Spina Cord Injury Collaborators, 2019). Moreover,
the trend of these percentages in our study is similar to the percentage
change in age-standardized rates in the United States (3.7%), Canada (—2.5%),
and the United Kingdom (-0.4%) from 1990 to 2016 (GBD 2016 Traumatic
Brain Injury and Spinal Cord Injury Collaborators, 2019). The percentage of
TSCI among all hospitalized patients and among patients hospitalized in the
orthopedic department increased when the number of TSCls per year was
greater than 140. This might reflect a changing trend in China of TSCI patients
being treated in hospitals with more TSCI expertise. Transferring TSCI patients
to hospitals that specialize in TSCI is likely to improve the quality of care and
may reduce the burden on large non-specialty hospitals. In China, the over-
burdening of large non-specialty hospitals has prevented the provision of
optimal TSCI care such as early treatment (National Health Commission of the
People’s Republic of China, 2019).

Early surgery is generally recommended for patients with TSCI (Hansebout,
2022). A recent pooled analysis of 1548 patients showed that surgical
decompression within 24 hours of acute SCI is associated with improved
sensorimotor recovery (Badhiwala et al., 2021). In our study, approximately
2.8% of patients who underwent surgery did so within 24 hours of injury.
Irrespective of the preference of clinicians for the use of early surgery, most
hospitals do not have the capacity to perform early surgery because they lack
experienced surgeons, imaging and laboratory equipment, and pre-anesthetic
assessments (Thompson et al., 2018).

Another key area of TSCI management is pharmacological interventions (Qian
et al.,, 2022; Yang et al., 2022). Current pharmacological treatment principally
relies on the off-label use of MPSS/MP, which remains contentious (Roquilly
et al., 2020; Takami et al., 2020; Hansebout, 2022; Guan et al., 2023). Based
upon the available evidence, the most recent guidelines of the American
Association of Neurological Surgeons and Congress of Neurological Surgeons
do not currently recommend administration of MP for the treatment of acute
SCI and state that there is insufficient evidence to make a recommendation
of using MP for treatment of patients with thoracolumbar spine trauma
(Hurlbert et al., 2013; Arnold et al., 2019). In contrast, the AOSpine
organization has suggested high-dose MPSS/MP within 8 hours of acute SCI
as a treatment option in their 2017 guidelines (Fehlings et al., 2017). Guan
et al. (2023) performed a critical appraisal of eight different clinical practice
guidelines regarding pharmacological treatments for SCI and found that three
recommended for MP (one evidence-based and two consensus-based), three
recommended against (all evidence-based), and two recommended neither
for nor against. A retrospective population-based cohort study in South
Korea from 2007 to 2017 showed that 61.5% of patients received high-dose
MPSS/MP within 8 hours of injury (Choi et al., 2020). In our study, we used
500 mg of MPSS/MP as the threshold for high-dose and found that 14.9% of
TSCI patients received high-dose MPSS/MP; however, only 4.6% of patients
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Table 2 | The treatment methods and surgery timing among TSCI patients

Treatment methods

Surgery timing

Section 1 Section 2
Categories Surgery Conservative therapies <24 h <4.0d 4.0-11.9d >11.9d
Gender
Men 7662 (75.1) 2534 (24.9) 211 (2.8) 1865 (24.4) 3911 (51.2) 1866 (24.4)
Women 2391 (73.1) 878 (26.9) 73 (3.1) 606 (25.5) 1119 (47.1) 653 (27.5)
Total 10053 (74.7) 3412 (25.3) 284 (2.8) 2471 (24.7) 5030 (50.2) 2519 (25.1)
Age groups
15-24 yr 548 (77.7) 157 (22.3) 23 (4.2) 161 (29.4) 277 (50.6) 109 (19.9)
25-34 yr 1116 (76.5) 342 (23.5) 46 (4.1) 333(29.9) 544 (48.9) 237 (21.3)
35-44 yr 1801 (76.9) 541 (23.1) 44, (2.5) 452 (25.2) 908 (50.6) 433 (24.1)
45-54 yr 2845(76.2) 888 (23.8) 87 (3.1) 708 (25.0) 1451 (51.2) 677 (23.9)
55-64 yr 2279 (75.0) 761 (25.0) 61 (2.7) 528 (23.3) 1138 (50.1) 604 (26.6)
>65yr 1464 (66.9) 723 (33.1) 23 (1.6) 289 (19.8) 712 (48.8) 459 (31.4)
Occupations
Farmers 3966 (76.0) 1252 (24.0) 126 (3.2) 1069 (27.0) 1981 (50.1) 905 (22.9)
Workers 1152 (76.1) 362 (23.9) 44 (3.8) 331(28.8) 572 (49.7) 248 (21.5)
Retired 627 (69.6) 274 (30.4) 8(1.3) 120 (19.3) 300 (48.2) 203 (32.6)
Office clerks 435 (71.0) 178 (29.0) 23 (5.3) 133 (30.7) 212 (49.0) 88 (20.3)
Students 236 (76.6) 72 (23.4) 13 (5.5) 69 (29.2) 114 (48.3) 53 (22.5)
Self-employed 190 (72.5) 72 (27.5) 8(4.2) 55 (28.9) 96 (50.5) 39 (20.5)
Civil servants 129 (66.2) 66 (33.8) 1(0.8) 35(27.3) 62 (48.4) 31(24.2)
Drivers 107 (73.3) 39 (26.7) 3(2.8) 32(29.9) 52 (48.6) 23 (21.5)
Others' 2568 (73.4) 930 (26.6) 43 (1.9) 458 (17.9) 1293 (50.6) 806 (31.5)
Missing 643 (79.4) 167 (20.6) 10 (1.6) 169 (26.4) 348 (54.4) 123(19.2)
Etiological groups
Low falls 2965 (73.2) 1084 (26.8) 56 (1.9) 587 (19.9) 1541 (52.2) 823 (27.9)
High falls 3214 (81.3) 739 (18.7) 120 (3.7) 973 (30.3) 1595 (49.7) 641 (20.0)
Traffic accidents 2328 (71.8) 914 (28.2) 57 (2.5) 532(22.9) 1158 (49.9) 631(27.2)
Struck by falling objects 621 (77.6) 179 (22.4) 36 (5.8) 178 (28.8) 289 (46.7) 152 (24.6)
Sport related injuries 100 (67.6) 48 (32.4) 1(1.0) 20 (20.0) 40 (40.0) 40 (40.0)
Others* 527 (63.3) 305 (36.7) 12 (2.3) 89 (16.9) 248 (47.1) 189 (35.9)
MissingH 298 (67.6) 143 (32.4) 2(0.7) 92 (31.3) 159 (54.1) 43 (14.6)
Level of injury
Cervical 5952 (72.1) 2302 (27.9) 118 (2.0) 1145 (19.3) 3163 (53.3) 1628 (27.4)
Thoracic 1732 (80.2) 428 (19.8) 65 (3.8) 509 (29.5) 764 (44.3) 452 (26.2)
Lumbosacral 2078 (79.9) 523(20.1) 91 (4.4) 745 (36.0) 951 (45.9) 376 (18.1)
Multi-site 156 (89.1) 19 (10.9) 7 (4.5) 47 (30.3) 74 (47.7) 34 (21.9)
Cauda equina 27(93.1) 2(6.9) 0(0.0) 3(11.1) 18 (66.7) 6(22.2)
Missing' 108 (43.9) 138(56.1) 3(2.9) 22(21.0) 60 (57.1) 23(21.9)
Severity
Complete quadriplegia 1208 (71.5) 481 (28.5) 62 (5.1) 378 (31.3) 601 (49.8) 227 (18.8)
Complete paraplegia 2149 (80.5) 521(19.5) 114 (5.3) 757 (35.3) 959 (44.8) 426 (19.9)
Incomplete quadriplegia 4309 (72.3) 1647 (27.7) 43 (1.0) 641 (14.9) 2334 (54.3) 1323 (30.8)
Incomplete paraplegia 2284 (77.9) 648 (22.1) 64 (2.8) 678 (29.8) 1086 (47.7) 512 (22.5)
Missing' 103 (47.2) 115 (52.8) 1(1.0) 17 (17.3) 50 (51.0) 31(31.6)
AIS grade®
A 2642 (77.1) 786 (22.9) 143 (5.4) 956 (36.3) 1173 (44.5) 507 (19.2)
B 782 (82.0) 172 (18.0) 41 (5.3) 233(29.9) 401 (51.5) 145 (18.6)
c 1789 (78.1) 503 (21.9) 47 (2.6) 364 (20.4) 986 (55.3) 432 (24.2)
D 4672 (72.4) 1785 (27.6) 48 (1.0) 889 (19.1) 2378 (51.0) 13963 (29.9)
E 117 (59.4) 80 (40.6) 5(4.3) 21(18.1) 71 (61.2) 24.(20.7)
Missing'! 51(37.2) 86 (62.8) 0(0.0) 8(17.0) 21 (44.7) 18(38.3)

* “Surgery timing” represented the time from injury to surgery (h=hours, d=days). T “Others” included "Teachers”, “Unemployed” and “Freelances”. ¥ “Others” included “Injuries
caused by others”, “Work related injuries”, “Sharp injuries”, “Massage related injuries”, “Electric shock injuries”, “Gunshot wounds”, “Crush injuries”, and “latrogenic injuries”.

§ AlS grade A represents complete impairment with no motor or sensory function below the level of injury; grades B-D represent progressively less severe impairment; AlS grade
E represents normal motor and sensory examinations, but still may have abnormal reflexes or other neurologic phenomena. || “Missing” represented those patients for whom

the exact classification of the subgroup could not be confirmed. Data are expressed as number (percentage). AlS: American Spinal Injury Association (ASIA) Impairment Scale; TSCI:

traumatic spinal cord injury.

received it within 8 hours. The low rate of MPSS/MP use might reflect the
conflicting guideline recommendations, ongoing controversy in clinical
management, limited resources in Chinese hospitals, or a lack of awareness
of best practices among health professionals (Arnold et al., 2019; Hansebout,
2022). Future high-quality randomized controlled trials or comprehensive
observational studies are needed to explore the benefits and harms of
glucocorticoid treatment and help inform clinical care (Liu et al., 2019).

In addition to low rates of early surgery and glucocorticoid use, we also
found common usage of treatments not considered a part of usual care,
such as neurotrophic drugs, dehydrants, and cathartics. The American

Association of Neurological Surgeons and Congress of Neurological Surgeons
guidelines do not recommend administration of GM-1 ganglioside for the
treatment of acute SCI and state that there is insufficient evidence to make
a recommendation for its use in patients with thoracolumbar spine trauma
(Hurlbert et al., 2013; Arnold et al., 2019). In our study, 64.8% of patients
received neurotrophic drugs, just over half of which received ganglioside. The
high rate of neurotrophic drug use in China may reflect the insufficient high-
quality evidence to recommend for or against it.

The average total cost of care for an acute TSCI patient was 71,300
CNY/11,500 USD, which represents 3.9 times the 2013 per capita disposable
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Table 3 | The costs among acute traumatic spinal cord injury patients during
hospitalization

Number of  Total costs (CNY/USD,  Daily costs (CNY/
Categories patients thousand) USD, thousand)
Gender
Men 7919 73.9473.0/11.9+11.8 4.443.4/0.7£0.5
Women 2490 63.1465.7/10.2+10.6 4.343.5/0.7£0.6
Total 10409 71.3471.4/11.5¢11.5 4.443.4/0.70.6
Age groups
15-24 yr 572 83.5+102.7/ 13.5£16.6  4.5+3.5/0.7+0.6
25-34 yr 1164 78.6£70.9/12.7+11.4 4.543.5/0.70.6
35-44 yr 1824 76.1480.9/12.3+13.1 4.543.3/0.7£0.5
45-54 yr 2909 73.4465.7/11.9+10.6 4.443.5/0.7+0.6
55-64 yr 2322 66.6+59.0/10.749.5 4.343.6/0.7£0.6
>65yr 1618 59.5471.2/9.6+11.5 4.143.2/0.740.5
Occupations
Farmers 4136 64.5+54.5/10.4+8.8 4.243.3/0.740.6
Workers 1260 80.7+77.9/13.0+12.6 4.4+4.0/0.740.6
Retired 699 56.5+52.9/9.1+8.5 4.043.1/0.7£0.5
Office clerks 483 70.0+73.6/11.3+11.9 4.4+4.2/0.7+0.7
Students 275 80.2+125.8/13.0+20.3  4.2+3.8/0.7+0.6
Self-employed 219 61.0+52.6/9.9+8.5 3.843.0/0.6+0.5
Civil servants 163 64.5+61.7/10.4+10.0 3.9+4.0/0.610.6
Drivers 129 75.1498.7/12.1+15.9 3.7+2.6/0.6+0.4
Others' 2599 79.8+86.5/12.9+14.0 4.5+3.1/0.7£0.5
Missing'! 446 84.1+60.9/13.6+9.8 5.643.4/0.9+0.5
Etiological groups
Low falls 3102 55.1+49.3/8.9+8.0 3.9+3.3/0.6+0.5
High falls 3284 81.7474.5/13.2+12.0 4.8+3.5/0.8+0.6
Traffic accidents 2567 73.7+£75.0/11.9+12.1 4.243.2/0.7+0.5

Struck by falling objects 624
Sport related injuries 105

97.3£113.0/15.7+18.2
44.9+43.0/7.346.9

4.8+4.0/0.8£0.6
4.3+4.4/0.7£0.7

Others" 554 64.8+68.8/10.5¢11.1  3.6+2.7/0.6+0.4
Missing'' 173 74.6451.2/12.048.3 5.443.3/0.940.5
Level of injury
Cervical 6335 66.3+69.0/10.7411.1  4.243.2/0.7+0.5
Thoracic 1696 93.4491.4/15.1¥14.8  5.04#3.7/0.8+0.6
Lumbosacral 2071 69.0458.1/11.1%9.4 4.443.7/0.7+0.6
Multi-site 124 74.7+43.0/12.146.9 5.242.6/0.840.4
Cauda equina 37 94.1439.6/15.246.4 5.1%1.7/0.840.3
Missing'' 146 55.3+60.2/8.949.7 3.742.6/0.620.4
Severity
Complete quadriplegia 1356 93.24103.2/15.1+16.7  4.8+3.3/0.8+0.5
Complete paraplegia 2137 94.0£90.8/15.2+14.7 5.0+4.2/0.8+0.7

Incomplete quadriplegia 4499 58.4+49.9/9.4+8.1 4.0+3.1/0.6£0.5

Incomplete paraplegia 2308 63.4+54.8/10.2+8.8 4.243.0/0.7£0.5
Missing'' 109 56.8+51.6/9.2+8.3 3.6+2.8/0.6%0.5
AlIS grade®
A 2821 96.3+102.9/15.6416.6  5.1+4.0/0.840.6
B 721 92.6472.0/14.9+11.6  5.1+3.8/0.840.6
c 1726 76.6456.4/12.4+9.1 4.4+2.9/0.7+0.5
D 4930 52.8+43.7/8.547.1 3.9+3.1/0.6%0.5
E 165 49.9454.5/8.18.8 3.3+2.8/0.540.5
Missing'' 46 70.4476.7/11.4+12.4  4.1+2.3/0.70.4

t “Others” included “Teachers”, “Unemployed” and “Freelances”. ¥ “Others” included
“Injuries caused by others”, “Work related injuries”, “Sharp injuries”, “Massage related
injuries”, “Electric shock injuries”, “Gunshot wounds”, “Crush injuries”, and “latrogenic
injuries”. § AIS grade A represents complete impairment with no motor or sensory
function below the level of injury; grades B-D represent progressively less severe
impairment; AIS grade E represents normal motor and sensory examinations, but still
may have abnormal reflexes or other neurologic phenomena. ||“Missing” represented
those patients for whom the exact classification of the subgroup could not be confirmed.
Values are reported as means * standard deviation or numbers of patients (%). AIS:
American Spinal Injury Association (ASIA) Impairment Scale; CNY: Chinese Yuan; USD:
USA dollar; SD: standard deviation.

income in China of 18,300 CNY (National Bureau of Statistics, 2022). Such
a cost is not only a large burden for a patient and family but also for health
providers. China has the largest number of spinal cord injuries (3,739,610,
prevalence, 2016 counts) and the second highest number of new cases
(98,226, incidence, 2016 counts) worldwide based on the 2016 GBD study
(GBD 2016 Traumatic Brain Injury and Spinal Cord Injury Collaborators, 2019).
We also found that total cost decreased but daily costs did not significantly
change during the same period, which was consistent with the reduction
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in mean length of hospital stay. On one hand, the cause of the reduction
in length of hospital stay may be related to improvements in diagnosis and
treatment and/or simplifications of the diagnosis/treatment process (National
Health Commission of the People’s Republic of China, 2019). On the other
hand, it may be a result of patients leaving the hospital earlier because of cost
considerations rather than improvements in care. Early discharge from the
hospital may also lead to deep wound infection, wound dehiscence, and deep
venous thrombosis (Otero et al., 2016).

Although this study is the largest known study of TSCI in China, it has several
limitations. First, it was not population-based, so we could not calculate the
incidence and prevalence rates of TSCI from the entire population. Second,
some data were missing; however, the proportion of missing data in most
characteristics was less than 5.0%. Third, we only described the use of MPSS/
MP, not other glucocorticoids such as hydrocortisone and dexamethasone,
because these agents may have been used to treat other conditions. Fourth,
our study did not span a longer time frame or include data before 2012 or
after 2018 for two reasons. Data were collected by sending professionals
to various hospitals for collection; however, to increase the number of
representative hospitals in each region and the completeness of the indicator
for representative hospitals, we had to discard data before 2012 because
some of the hospitals did not have sufficient data owing to significant
differences in case system turnover, case retention periods, and access rights
to historical cases. We would have added data from 2018 onwards, but this
was precluded by the COVID-19 pandemic. The 6-year time frame from 2013
to 2018 may have limited our dataset to be more representative. Future
studies with higher quality and more recent data and a longer time frame are
urgently needed.

Conclusion

This study revealed the epidemiological profile and features of TSCI in China
from 2013 to 2018. Our findings indicate that public health initiatives should
aim at improving hospitals” ability to perform early surgery within 24 hours,
which is associated with improved sensorimotor recovery; increasing the
awareness rate of clinical guidelines related to high-dose MPSS/MP to reduce
the use of the treatment with insufficient evidence.
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1 Additional Table 1 List of 30 hospitals included in this study
Number Name of hospitals Province/municipality
1 Tianjin Medical University General Hospital Tianjin city
2 Tianjin Union Medical Center Tianjin city
3 Tianjin Hospital Tianjin city
4 Beijing Xuanwu Hospital Beijing city
5 Beijing Luhe Hospital Beijing city
6 The Third Hospital of Hebei Medical University Hebei province
7 Hospital of Jingxing County Hebei province
8 Henan Provincial People's Hospital Henan province
9 The First Affiliated Hospital of Zhengzhou University Henan province
10 Zhengzhou Orthopaedics Hospital Henan province
11 People's Hospital of Wuzhi County Henan province
12 The First Affiliated Hospital of China Medical University Liaoning province
13 The Eighth People's Hospital of Shenyang Liaoning province
14 Shanghai Ninth People's Hospital Shanghai city
15 Shanghai Jiao Tong University Affiliated Sixth People's Hospital Shanghai city
16 East Hospital Affiliated to Tongji University School of Medicine Shanghai city
17 Shanghai General Hospital, Shanghai Jiao Tong University School of Medicine Shanghai city
18 The First Affiliated Hospital of Nanjing Medical University Jiangsu province
19 The First Affiliated Hospital of Soochow University Jiangsu province
20 Jinhu County People's Hospital Jiangsu province
21 The Third Affiliated Hospital of Southern Medical University Guangzhou province
22 Sun Yat-Sen Memorial Hospital Guangzhou province
23 Shenzhen Second People's Hospital Guangzhou province
24 West China Hospital of Sichuan Universityy Sichuan province
25 Affiliated Hospital of Chengdu University Sichuan province
26 Xingiao Hospital of Army Medical University Chonggqing city
27 Xiushan People's Hospital Chonggqing city
28 The First Affiliated Hospital of Xi'an Jiaotong University Shaanxi province
29 Honghui Hospital, Xi’an Jiaotong University Shaanxi province
30 Yanliang 141 Hospital Shaanxi province
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Additional Table 2 American Spinal Injury Association Impairment Scale (AIS) grade

AIS grade Category Description
A Complete No motor or sensory function is preserved in the sacral segments S4—S5.

Sensory function rather than motor function is preserved below the neurological level at
B Incomplete . .

which the sacral segments S4-S5 are included.

Motor function is preserved below the neurological level, and more than half of key
C Incomplete .

muscles below the neurological level have a muscle grade less than 3.

Motor function is preserved below the neurological level, and at least half of key muscles
D Incomplete .

below the neurological level have a muscle grade of 3 or more.

Motor and sensory function are normal, but still may have abnormal reflexes or other
E Normal

neurologic phenomena 2.

2 AIS grade E refers to the international standards and classifications (Kirshblum et al., 2011; Roberts et al., 2017).
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Additional Table 3 Trends in percentage of different subgroups among TSCI patients from 2013 to 2018

€

Category 2013 2014 2015 2016 2017 2018 APC (95% CI) P value for trend
TSCI patients/hospitalized patients
Hospital type
General hospital 0.000629630 0.000736889 0.000652126 0.000639075 0.000562163 0.000546370 -4.3(-9.2,0.8) 0.080
Orthopedic hospital 0.003979312 0.004130452 0.003728387 0.004694836 0.004813272 0.004606018 4.1(-1.1,9.7) 0.095
Economic level
Above the PCDI 0.000747094 0.000865911 0.000864381 0.000836637 0.000832369 0.000846180 1.4 (-2.2,5.1) 0.358
Below the PCDI 0.002225435 0.002288856 0.001643776 0.002612902 0.002083825 0.001704871 -3.2(-14.6,9.6) 0.505
TSCI patients/Orthopedic patients
Hospital type
General hospital 0.008506195 0.010947151 0.010741562 0.011469459 0.009495934 0.009673554 0.8 (-7.1,9.4) 0.798
Orthopedic hospital 0.005818276 0.006048928 0.005816793 0.005816793 0.008052800 0.007792869 6.9 (-0.3, 14.6) 0.057
Economic level
Above the PCDI 0.007429018 0.009541510 0.009941288 0.010289077 0.009283629 0.009615729 3.6(-3.4,11.2) 0.233
Below the PCDI 0.009432695 0.009862986 0.006477616 0.010366081 0.008070989 0.006527707 -5.5(-17.2,7.9) 0.304

APC: Annual percentage change; CI: confidence interval;, PCDI: per capita disposable income; TSCI: traumatic spinal cord injury.
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1 Additional Table 4 The use of MPSS/MP among TSCI patients during hospitalization
Category' Accumulated time<2d 3 d<accumulated time <5 Accumulated time >6 d No accumulated Total
Use of MPSS/MP at over-instruction dose (> 500 mg)
<8h - -- -- 615 615
>8h - - - 1390 1390
Total -- -- -- 2 005 2 005
Use of MPSS/MP with normal instruction dose (< 500 mg)
Total 4994
Continuous use of MPSS/MP with normal instruction dose
<l.6d 421 393 302 - 1116
1.7-9.0d 827 889 607 - 2323
> 9.0d 454 533 239 -- 1226
Total 1702 1815 1148 -- 4 665
Intermittent use of MPSS/MP with normal instruction dose
<1l.6d 15 62 68 -- 145
1.7-9.0d 11 60 85 - 156
> 9.0d 4 9 15 - 28
Total 30 131 168 -- 329
2 ! The rows represent the start time of using MPSS/MP (h: hours, d: days), the columns represent the accumulated time of medication (d: days), and the figures represent the

W

number of TSCI patients. > There is no accumulated time about use of MPSS/MP at over-instruction dose (> 500 mg). MPSS/MP: Methylprednisolone sodium
4 succinate/methylprednisolone; TSCI: traumatic spinal cord injury.
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1 Additional Table 5 The use of neurotrophic drugs, dehydrants and cathartics among TSCI patients during hospitalization

Category Number of patients, n (%)'
Neurotrophic drugs 8727 (64.8)
Ganglioside 4650 (53.5)
Mouse nerve growth factor 2504 (28.7)
Mecobalamin 2364 (27.1)
Neurotropin 1786 (20.5)
Cattle encephalon glycoside and ignotin 358 (4.1)
Cobamamide 192 (2.2)
Others? 65(0.7)
Dehydrants 8095 (60.1)
Mannitol 6814 (84.2)
Glycerin fructose 1464 (18.1)
Sodium aescinate 336 (4.2)
Cathartics 1236 (9.2)
Glycerin or glycerine enemas 1164 (94.2)
Lactulose oral solution 123 (10.0)
Maren soft capsule 25(2.0)

! The overall use rate of neurotrophic drugs, dehydrants and cathartics was calculated by the proportion among TSCI patients.
The utilization rate of each drug was calculated by the proportion among patients who used neurotrophic drugs, dehydrants or
cathartics. 2 "others" included "Muscular amino acids and nucleosides" and/or "Deproteinized calf blood extractive". TSCI:

AW N

Traumatic spinal cord injury.
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Additional Table 6 Trends in the length of hospital stay among acute TSCI patients from 2013 to 2018!

Category Overall 2013 2014 2015 2016 2017 2018 APC (95% CI)

Gender, Mean (SD)

Men 20.5 (27.4) 22.1(21.0) 23.3 (40.8) 203 (24.0) 213 (25.9) 19.7 (28.9) 17.5 (17.9) -4.5(-8.0,-0.9)
Women 18.4 (23.5) 19.7 (16.9) 202 (19.6) 204 (26.8) 20.0 (25.8) 18.1 (30.7) 14.2 (14.4) 5.5(-11.7, 1.1)
Total 20.0 (26.5) 21.5(20.1) 22.6 (37.1) 20.3 (24.7) 21.0 (25.9) 19.3 (29.3) 16.6 (17.2) -4.8 (-8.7,-0.8)

Age groups, Mean (SD)

15-24 years 22.5(32.3) 21.6 (15.3) 24.9(26.3) 204 (24.3) 23.6 (23.1) 26.8 (67.2) 19.1 (16.4) 0.7 (-9.6,9.1)
25-34 years 21.7 (25.8) 263 (30.1) 25.6 (30.6) 22.1(30.7) 20.1(19.3) 20.0 (22.7) 18.8 (22.1) 6.9 (-9.4,-4.4)
35-44 years 212 (35.8) 222(22.7) 24.4 (64.2) 21.9(29.1) 21.0 (28.0) 18.6 (22.0) 18.7 (23.4) 4.8 (-84,-1.0)
45-54 years 20.9 (26.0) 203 (14.3) 223 (23.7) 22.4(27.8) 22.0(29.3) 20.8 (32.3) 17.9 (18.5) 2.4 (-7.5,3.0)
55-64 years 18.6 (20.2) 20.9 (19.6) 22.0 (28.2) 17.0 (14.6) 20.8 (22.9) 16.6 (20.1) 16.1 (12.4) 5.4 (-11.6,12)
> 65 years 17.0 (20.4) 19.9 (19.4) 17.1 (14.6) 18.1 (17.8) 19.2 (26.0) 18.4 (27.5) 12.3 (8.8) 5.9 (-14.7,3.8)

Length of hospital stay was measured in days. APC: Annual percentage change; CI: confidence interval; SD: standard deviation.
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Additional Table 7 Trends in the costs among acute TSCI patients from 2013 to 2018
Category 2013 2014 2015 2016 2017 2018 APC (95% CI)
Total costs (CNY ¥, thousand), Mean (SD)
Gender
Men 84.5(80.2) 81.9 (85.9) 73.2 (62.7) 71.9 (64.5) 68.9 (76.7) 68.7 (68.4) -4.4(-6.3,-2.4)
Women 69.2 (58.4) 73.7 (110.3) 67.4(69.2) 62.5 (54.6) 57.7 (45.8) 54.8 (46.4) -5.5(-8.3,-2.6)
Total 80.8 (75.8) 80.1(90.8) 71.9 (64.2) 69.7 (62.4) 66.1 (70.6) 65.1 (63.8) -4.7 (-6.3,-3.1)
Age groups
15-24 years 83.1(58.0) 104.8 (204.7) 79.7 (70.4) 75.9 (51.1) 80.1(99.1) 79.1 (60.7) -3.0(-9.8,4.2)
25-34 years 97.7 (101.8) 96.5 (94.8) 72.0 (66.9) 74.7 (59.4) 72.8 (55.4) 68.8 (46.6) -7.1(-12.1,-1.7)
35-44 years 84.6 (91.8) 81.7 (100.7) 74.4 (53.8) 74.6 (71.2) 69.7 (51.3) 72.4(100.8) -3.5(-5.7,-1.2)
45-54 years 84.7 (67.5) 75.4(61.2) 78.8 (69.8) 70.1 (70.1) 68.4(62.1) 69.9 (62.7) -3.8(-6.6,-0.9)
55-64 years 73.6 (66.4) 77.3 (75.8) 64.0 (55.7) 68.7 (54.6) 56.9 (46.6) 62.9 (53.8) -4.6 (-94,0.5)
> 65 years 63.2(57.8) 64.8 (65.1) 63.4(69.2) 59.0 (50.5) 63.3 (112.8) 50.5 (42.8) -3.5(-8.1,1.2)
Duaily costs (CNY ¥, thousand), Mean (SD)
Gender
Men 443.3) 43(3.4) 4.4 (3.0) 4.12.7) 4.5(4.0) 4.5(3.6) 0.5(-2.0,3.1)
Women 4.0(3.7) 44 3.9 42 (3.5 4134 423.2) 4.6 (3.5) 1.5(-1.5,4.7)
Total 43(3.4) 43 (3.5 433.2) 4.12.8) 44 (3.8) 4.6 (3.6) 1.0 (-1.4,3.5)
Age groups
15-24 years 4.1(2.5) 5.1(5.7) 43 (2.7 4.4 (3.3) 4.6 (3.0) 4.8 (3.0) 1.4 (-4.0,7.2)
25-34 years 4.6 (3.6) 4.6 (3.4 45(3.8) 432.7) 4.6 (4.7) 4502.7 -0.4(-2.3,1.4)
35-44 years 454.2) 44 (3.8) 4429 4329 4.7 (3.0) 44 2.7 0.2 (-2.1,2.5)
45-54 years 45@3.1) 423.2) 45(3.5) 4.0 (2.6) 4.5(4.5) 4.6 (3.1) 0.6 (-3.3,4.6)
55-64 years 4.12.9) 43(3.1) 412.7) 4.13.3) 42(3.3) 4.6 (5.0) 1.5(-1.3,4.2)
> 65 years 3.8(3.9) 3.9(2.9) 4.03.1) 3.8(2.5) 423.1) 4.5(3.5) 2.9(0.1,5.9)

APC: Annual percentage change; CI: confidence interval; CNY: Chinese Yuan; SD: standard deviation; TSCI: traumatic spinal cord injury.
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Additional Figure 1 Trends in the percentage among TSCI patients of 20 hospitals from 2013 to 2018.
(A) Trends in percentages of TSCI in hospitalized patients of each hospital. (B) Trends in percentage of TSCI in

hospitalized patients in orthopedic departments of each hospital. APC: Annual percentage change; CI: confidence

interval; TSCI: traumatic spinal cord injury.



NEURAL REGENERATION RESERACH

www.nrronline.org %g%wm 3

10.04

APC (%)

50 100 150

Number of TSCI per year

APC (%)

15.09

10.0

.’.—_‘\/ u ~d T T
30 100 150 200

Number of TSCI per year

Additional Figure 2 The trends of APC in percentages among TSCI patients from 20 hospitals.

(A) The trend of APC in percentage in different number of hospitalized patients with TSCI per year. (B) The trend
of APC in percentage in different numbers of patients with TSCI from the orthopedic departments per year. The
value of the horizontal axis represents the annual number of TSCI patients admitted. The APC corresponding to
the points refers to the comprehensive calculation of APC from 2013 to 2018 of all eligible hospitals whose annual
number of TSCI patients was higher than the corresponding number of horizontal axis in 20 hospitals. Shaded

regions represent 95% confidence interval. APC: Annual percentage change; TSCI: traumatic spinal cord injury.
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