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[Abstract] Objectives: To develop a risk prediction model for tracheostomy in acute traumatic cervical
spinal cord injury (SCI) patients by using accessible data obtained from the bedside. Methods: Clinical and
radiological data of 345 patients with acute traumatic cervical spinal cord injury were retrospectively reviewed.
The information about patients’ demographics, trachestomy placement, pre—existing medical comorbidities (ex-
cept for lung diseases), pre—existing pulmonary diseases, smoking history, presence of respiratory complications
during treatment, admission ASIA motor score(AAMS), neurological level of impairment(NLI), ASIA grade, asso-
ciated injuries, presence of cervical fracture and/or dislocations was gathered. The preoperative magnetic reso-
nance imaging(MRI) was checked to determine the highest signal change(HSC) level in the spinal cord, lesion
length, maximunm spinal cord compression(MSCC), maximum canal compromise(MCC) and the presence of in-
tramedullary haemorrhage. The multiple logistic regression(MLR) analysis and classification and regression tree
(CART) analysis were used to develop the prediction models. Cross—validation was used to conduct an exter-
nal validation in order to assess the prediction performance of both models, using parameters of sensitivity,
specificity, overall correction rate and area under receiver operating characteristic curve. Results: Among 345

patients, 58 patients underwent tracheostomy. The CART model suggested that the incidences of tracheostomy
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for patients with AAMS <1 and patients with AAMS <22 who suffered from respiratory complications during
hospitalization and patients with AAMS =23, suffering from incomplete SCI, whose HSC was at C3 or lower

was 60.7%, 69.0% and 0.8% respectively.
included AAMS =22, ASIA grade A or B and respiratory complications during treatment. The comparison on

The MLR model suggested that the independent risk factors

sensitivity, specificity, overall correction rate and area under receiver operating characteristic curve between
the CART model and the MLR model was 73.7% vs 81.8%, 89.7% vs 86.4%, 87.3% vs 85.7% and 0.909 vs
0.889 respectively. Conclusions: The CART model is preferred in prediction. AAMS <22, ASIA grade A,

respiratory complications during hospitalization and HSC at C2 or higher are considered independent risk

factors of tracheostomy for patients with traumatic cervical SCI patients.
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Table 1 Definitions of radiological parameters and variables used in this study
it 7E X
Items Definitions
di 1005 e ™ T A B AT S AR
The anteroposterior cord diameter at the maximum injury level
da A5 403 Sk S v 5 30T 45 3 A2k 1) 1E R RE T S AR
The anteroposterior cord diameter at the nearest normal level above the injury level
Ao VR ST B AL G I 9 R
The anteroposterior cord diameter at the nearest normal level below the injury level
Di 40 di ™ o AL A TR AR
The anteroposterior canal diameter at the maximum injury level
Da A58 403 3k S 5 T 45 03 A2 1) 1E S MEE T S AR
The anteroposterior canal diameter at the nearest normal level above the injury level
Db 005 2 3 5 0 T A0 03 A 1 T MEAS IS AR
The anteroposterior canal diameter at the nearest normal level below the injury level
MSCC Maximum spinal cord compression , i fiz K52 [k 3
MSCC (% )=[1-di/(da+db)/2]x100%
MCC Maximum canal compromise , % iz K= i %
MCC (% )=[1-di/(da+db)/2]x100%
A A A 5 O die e T B T2W 5 b S R T P L8 6 6 1N S5 55 (5 0 A A LU, 0 O s 1R AR A
Hse ) FRFER e b B
Highest signal change literally refers to the highest level at which a signal change can be detected in the spinal cord
via T2—weighted magnetic resonance imaging
ABEN AR S BUE KB O ZE KB ) 3l 3 T2W A5 2 bR T T D 6455 A 1N S5 15 i Sk iy 8 0 o i 1 K B2
LL Lesion length is defined as the distance between the most cephalic and most caudal cord signal change scale via T2-
weighted magnetic resonance imaging
- SR PN L, T2W SRR T8 P50 o 7 A — A 30 53 I 09 IR A5 DX, DU A7 A S5 I ¢

Intramedullary haemorrhage is identified when a discrete area of hypontensity is depicted via T2-weighted magnetic
resonance imaging

T “da” “di” “db” “Da” “Di” ,“Db” ¥ i K32 3R HER I K AR o5 3R A0 8 SCUR T SCHR0OT I 26 3k SCRRUAY 360 3IE ;5 5 4 9 A5 el 2s
RE RGP LAY e Sy R T SC R
Note: The definitions of da, di, db, Da, Di, Db, MSCC and MCC are based on validated studies!'™"; the determination of LL and

IH are respectively based on definitions from published literatures!™ 3
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Figure 1 A 29 -year-old male suffered a C6 fracture with ASIA grade A injury during a car accident a The
midsagittal plane of the T1-weighted image was used to determine the maximum canal compromise(MCC). “Di” indicates
the anteroposterior canal diameter at the maximum injury level (C6 level). “Da” and “Db” indicate the anteroposterior
canal diameters at the nearest normal levels above (C5 level) and below the injury level (C7 level), respectively b The
midsagittal plane of the T2-weighted image was used to identify the maximum spinal cord compression (MSCC);  “di”
indicates the anteroposterior cord diameter at the maximum injury level(C6 level). “da” indicates the anteroposterior cord
diameter at the nearest normal level above the injury level; because spinal cord edema (indicated as an area of high
signal change on MRI) and consequent cord swelling were present, “da” was determined to occur at the C3 level. “db”
¢ In the

indicates the anteroposterior cord diameter at the nearest normal level below the injury level (T1 level)

midsagittal plane of the T2-weighted image, an intramedullary haemorrhage was detected at the C6 level. A signal

change in the spinal cord was observed from the C4 to C7 level; accordingly the highest signal change (HSC) was
identified at the C4 level. The lesion length, defined as the distance between the most cephalic and most caudal cord
signal change scale, was 60.81 mm. Abbreviations: ASIA, American Spinal Injury Association; MRI, magnetic resonance

imaging
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Table 2 Epidemiological and clinical data

i 5 JSEIN KEYITA BV
Ttems Overall (n=345) Tracheostomy (n=58) No tracheostomy (n=287)
ji:g:{{% 46.92+13.55 46.00+£15.48 47.10£13.15
TE
Gender
Bk
Male 286 52 234
Lotk 59 6 53
Female
i AL
Injury mechanism
KA
Car accident 137 28 110
1= b BA 5 15
Fall from a height 56 14 42
JoR R
Fall 124 13 112
R
Direct force 28 3 23
A 3 K OF-
Injured bone level
C2-4 79 13 66
C5-7 105 31 74
ZRNTB
Multiple levels 6 2 4
JC B AT DA 25 45 173
SCIWORA 155 12 143
e 31(8.99%) 10(17.24%) 21(732%)

Pre—existing lung disease

WEAE: 22 GETE BN (B I 41 )

Pre—existing medical conditions

96(27.83%)

18(31.03%) 78(27.18%)

A AR 2

Soine history 56(16.23%) 9(15.52%) 47(16.38%)

3 B b A

glﬁ”“!*{“‘ﬁ 55(15.94%) 9(15.52%) 46(16.03%)
rain injury

A T B/ I 45 4%

e sy 32(9.28%) 3(5.17%) 29(10.10%)

ABERF ASIA iz sl 45

Admission ASIA motor score 46(16~84) 8.50(0~17) 57.00(26~86)

MRS 72(20.87%) 31(53.49%) 41(14.29%)
espiratory complications

s 14(4.06%) 11(18.97%) 3(1.05%)

Deaths

TE < TR A0 A 78 ik 107 JH B B b o 22 227 5 AR T 2570 A1 I H 437 8 (0 237 850 e
Normally distributed variables are expressed as the mean and standard deviation (SD), and non-normally distributed data are expressed

as the median and interquartile range. Abbreviations: SCIWORA, spinal cord injury without radiologic abnormality; ASIA, the

American Spinal Injury Association
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Table 3 Neurological examination data

ARG B ASIA ASIA ASIA ASIA K

NLI A B C D Total

coA RELE ©o7018) 2009)  43(7) 40 139(34)
s 138)  18(5) 31(2) 33 95(15)
6 202) | 21) 32 (1) 37(4)
c7 5y 51 6 13 29(2)
s ! 0 0 4 5(0)

T1 R MF

T1 and below 14(3) 13 4 7 38(3)
B 62(32) 68(15) 86(10) 129(1) 345(58)

Total

T8 RO SRR 2 A UE VDT B BB
Note: Numbers in parentheses refer to the number of patients
who received tracheostomy. NLI: neurological level of injury;

ASIA: the American Spinal Injury Association

x4 BBEEH
Table 4 Radiological data

JEREN SEDIFAL ARl

Overall Tracheostomy  No tracheostomy
(n=345) (n=58) (n=287)
SR AR 207
Presense of 30(51.72%) 177(61.67%)
spondylosis (60.00%)

A A 5 O e ey T B
Highest signal change

Cl 3 3 0
Cc2 36 11 25
C3 99 19 80
Cc4 75 15 60
C5 59 7 52
C6 36 3 33
Cc7 14 0 14

TCHHE N 7 5 B

No signal change 23 0 23

in spinal cord

3510 4 £33 5 2 I

J (mm) 36.92+25.10  53.45+27.38 33.58+23.28
Lesion length

MSCC (%) 27.32+19.63  29.52+18.05 26.83+17.63
MRS e K A7 26(%)

MCC (%) 31.61x15.38  36.30+14.67 30.65+14.01
S A S I

Intramedullary 96(27.83%) 32(55.17%) 64(22.30%)
haemorrhage
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Table 5 Frequencies of tracheostomy for patients in different subgroups
S — RO A CHRVS i EIERVS P R B DT B R
First splitting Second splitting Third splitting Number of patients ~ Number of tracheotomised patients
HH B I R G 0 A
With respiratatory 25 17(68.0%)
complications
ABEf ASIA ABEm ASIA 23]
B <22 4 B o<1 9 6(66.7%)
AAMS<22 A H BT R 2R 48 0 R A AAMS<1
Without respiratory B
complications ABEI ASIA iz 5l
oy =2 41 35 8(22.9%)
AAMS=2
BB ASIA Py A A e b
B =23 4 m%f’tgﬁéﬁlﬁi‘mfﬁ 14 6(42.9%)
AAMS=23
BEA5 5 BU fe ey 19 B
i C2 8Lk | 7 1(14.3%)
K?‘Eﬁ}‘@ﬁl%ﬁ}ﬁ 1,}'3 HSC at C2 or above
1scl AU 55 T Bk o 5
LT C3 LR 129 1(0.8%)

HSC at C3 or below

55 BT FOR B VTN A% 4L N 43 L

Numbers in parentheses refer to the possibility of patients receiving a tracheostomy in different subgroup. Abbreviations: AAMS: admission

ASIA motor score; HSC: highest signal change
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Figure 2 The result of univariate logistic regression analysis. The p-value, odds ratios and 95% confidence interval for
the odds ratio are shown Figure 3 The result of multivariate logistic regression analysis. The p-value, odds ratios and

95% confidence interval for the odds ratio are shown
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