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Abstract Background Traumatic spinal cord injury (TSCI) is extremely costly to the global
health system. Due to the significant frequency rate of traumatic cervical spinal cord
injuries (TCSCI), the possible association between imaging findings and clinical
outcome is not yet clear. In this study, we quantified maximum spinal cord compression
and maximum cord swelling following TCSCl and determined the relevance of imaging
findings to clinical outcome in patients.

Materials and Methods This retrospective cohort comprises 20 patients with TCSCls
(C3-C7), classified as complete, incomplete, and no SCl, who were treated at the
Poursina Hospital, Iran, from 2018 to 2020, and underwent spinal surgery. Patients
with penetrating injuries and multiple trauma were excluded. Imaging findings
revealing spinal cord compression, swelling, and canal stenosis, based on the American
Spinal Injury Association (ASIA) Impairment Scale (AlIS) grades of patients from hospital
admission (up to 48 hours after injury) and improvement of postoperative neurological

Keywords symptoms (6-12 months) were evaluated.
= traumatic cervical Results Cord compression (p=0.05) and cord swelling (p =0.02) were significantly
spinal cord injury related to predictive neurological outcomes in all cases. Evaluation with AIS at hospital
= imaging findings admission and at 6 to 12 months postoperatively showed significant correlation with
= neurological fracture type (p=0.05) and the longitudinal length of the intramedullary lesion (IML);
outcome p=0.01, respectively.
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Conclusion According to the results obtained in this study, it may be concluded that
there is a significant association between cervical spinal cord compression and
swelling, and clinical outcomes in patients with complete, incomplete, and no SCI.

IntroducaoA lesdo traumatica da medula espinal (LTME) é extremamente onerosa para
o sistema de salde global. Devido a significativa taxa de frequéncia de lesoes
traumaticas da medula espinal cervical (TCSCI), a possivel associacdo entre achados
de imagem e evolugdo clinica ainda ndo estd clara. Neste estudo, quantificamos a
compressao medular maxima e o edema medular maximo ap6s TCSCl e determinamos
a relevancia dos achados de imagem para o resultado clinico dos pacientes.
Materiais e métodos Esta coorte retrospectiva compreende 20 pacientes com TCSCls
(C3-C7), classificados como completos, incompletos e sem LME, que foram tratados no
Hospital Poursina, Ira, de 2018 a 2020, e submetidos a cirurgia da coluna vertebral.
Pacientes com lesdes penetrantes e politraumatismos foram excluidos. Achados de
imagem revelando compressdo da medula espinhal, edema e estenose do canal, com
base nos graus da American Spinal Injury Association (ASIA) Impairment Scale (AIS) de
pacientes desde a admissao hospitalar (até 48 horas apos a lesao) e melhora dos
sintomas neuroldgicos pds-operatorios (6-12 meses) foram avaliados.

Resultados A compressdo do corddo (p = 0,05( e o edema do corddo (p = 0,02) foram
significativamente relacionados aos desfechos neurolégicos preditivos em todos os
casos. A avaliagdo com AIS na admissao hospitalar com 6 a 12 meses de pds-operatorio
mostrou correlacdo significativa com o tipo de fratura (p = 0,05) e o comprimento
longitudinal da lesdo intramedular (IML); p = 0,01, respectivamente.

Conclusao De acordo com os resultados obtidos neste estudo, pode-se concluir que
existe uma associacao significativa entre compressao e edema da medula espinal
cervical e desfechos clinicos em pacientes com lesdo medular completa, incompleta e

= laudo neurologico sem lesdo medular.

Introduction

Traumatic spinal cord injury (TSCI) is a catastrophic burden
on the global health system;1 it is classified as complete or
incomplete injuries with a wide range of neurological out-
comes that affect the functions associated with exact diag-
nostic and prognostic information. In involved patients, the
cervical region is responsible for 49% of spinal cord injuries
(SCI) that result in real motor, sensory, and autonomic
dysfunction below the level of injury.

Handling of cervical spinal cord injury situations is per-
formed by imaging and reliable physical, neurological, and
electrophysiological examinations. The American Spinal In-
jury Association (ASIA) Impairment Scale (AIS) grades are the
key neurological assessments to classify the severity of SCI
patients. The AIS assessment results are highly sensitive for
evaluation of expected short-, intermediate-, and long-term
neurological outcomes. It also provides a better insight into
the complete rehabilitation process for health care
professionals.*>

Plain radiography, computed tomography (CT) scan, and
magnetic resonance imaging (MRI) are the imaging methods
used to show spinal canal diameters and cord alteration in
acute, sub-acute, and chronic SCL.* Midsagittal CT scan
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images allow characterization of the fracture and lesion
structure (hemorrhage and edema) at the focal spinal cord
injury site as well as representation of canal diameter
changes.>” External compression on the spinal cord and
internal structures by MRI is the best method. Midsagittal
T2-weighted images can help mainly with spinal cord lesion
quality and quantity evaluation to characterize injury
structures.8-1°

Several studies have been conducted to evaluate the
relationship between MRI quantitative parameters and
short-term neurologic outcomes. Preservations showed
that maximum spinal cord compression (MSCC) could be
the cornerstone in determining the severity of neurologic
impairment such that initiating correct rehabilitation thera-
pies and prevention of persistent injury is necessary and to
predict the long-term outcome as accurately as possible.’'~1

Even so, because of the large heterogeneity among SCI
patients due to injury mechanisms, lesion patterns, cervical
degenerative diseases, type of spine fractures, and therapeu-
tic approach, prediction of the possible association between
clinical and imaging findings as sufficiently accurate markers
of long-term neurologic outcomes has not been established.
Additionally, clinical studies for traumatic cervical spinal
cord injuries (TCSCI) and follow-up are fraught with several
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complicating factors. They comprise imaging procedures
that accurately neurologically examine patients. In this
study, we intend to associate imaging quality with fracture
type, maximum osseous canal compromise (MCC), spinal
cord compression, swelling, and intramedullary lesion (IML)
length, with the aim of predicting postoperative neurological
improvement in traumatic cervical spinal cord injury
patients with follow-up at 6 to 12 months.

Materials and Methods

In this retrospective cohort study, 20 patients with TCSCI
treated at the Poursina Hospital, Iran, from 2018 to 2020,
based on the National Spinal Cord Injury Registry of Iran
(NSCIR-IR) database were assessed. The study was approved
by the local ethical committee and the ethical code (IR.GUMS.
REC.1398.529) was received.

The imaging was done for all cases with a single device. For
CT scans, the HITACHI 16-slice (Hitachi Ltd., Chiyoda, Japan)
scanner was used, and for MRI the Philips 1 Tesla (Koninklijke
Philips N.V., Amsterdam, Netherlands) was used.

Imaging evaluation was performed twice by two neuro-
surgeon observers at different time points at a picture
archiving and communication system (PACS) station. At
the time of the assessments, the observers were blinded
for clinical and neurological data.

We extracted patients’ essential demographic features
and clinical information from their electronic medical
records; the collected data was organized in =Table 1.

Inclusion and Exclusion Criteria

The inclusion criteria were patients aged from 15 to 70 years.
Only those with preoperative MRI and CT scans were en-
rolled. All cases were operated up to 48 hours after trauma.

Table 1 Imaging parameters and evaluation

Imaging parameters | Evaluation

Type of fracture A0 classification system

MCC (%) (1-di/dm)*100 if dm = (da + db)/2
MSCC (%) (1-dif{dm)*100 if dm =(da + db)/2
MCS (%) (ds/dm—1)"100 if dm =(da + db)/2
Longitudinal Length of the hyperintense

length of signal in the spinal cord

the IML (mm) on T2 weighted MRI views

Abbreviations: IML, intramedullary lesion; MCC, maximum osseous
canal compromise; MCS, maximum cord swelling; MSCC, maximum
spinal cord compression.

The exclusion criteria were penetrating thoracolumbar
spinal cord injury, multiple trauma, severe head trauma
(Glasgow coma score < 13), spinal shock after trauma, severe
chest weakness, hemodynamic instability due to hemor-
rhage of abdomen/retroperitoneal space, pelvic fracture,
presence of fracture in more than three long bones, complete
spinal injury, chronic severe degenerative lesions identified
through CT scan and MRI, and low-quality imaging with
inaccurate measurements.

Imaging Parameters
The type of fractures was determined based on the AOSpine
Trauma Classification system.'”

The MCC was measured based on CT scan mid-sagittal
images. The other variables were evaluated following T2-
weighted mid-sagittal images; they can be defined, briefly, as:

- MCC is determined by splitting the anteroposterior
canal diameter at the affected zone (Di) by the average

a b c

Fig.1 (a) midsagittal CTscan, (b) and (c) midsagittal T2-weighted, (d) axial T2-weighted obtained from 24 years old man with acute TCSCl at C4-
C5 level (AIS grade C). (Da) anteroposterior spinal cord diameter at 1 vertebral level above; (Db) anteroposterior spinal cord diameter at 1
vertebral level below; (Di) anteroposterior spinal cord diameter at injury site; IML: rostrocaudal length of intramedullary hyperintensity at the
injury site. Arrow in axial T2-weighted displayed intramedullary hyperintensity and cord compression in the affected zone.
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Table 2 Patients characteristics

Number of patients 20

Gender, female/male 0/20

Age (mean, SD, year) 44.7 £15.4 years
Occupation (n) %
Reconstruction workers 5 25
Farmer 4 20
Employee 4 20
Shopkeeper 2 10
Engineer 2 10
Others 3 15
Trauma mechanism

Fall 12 60
Accident 8 40
Others 0
Smoking/alcohol consumption 47
Background diseases

None 10 50
Coronary artery disease 3 15
Hepatic disease 1 5
Covid-19 4 20
Renal disease 2 10
Injury level

a 2 10
c4 6 30
G5 8 40
c6 2 10
c7 2 10
Fracture classification

A0 3 15
Al 1 5
A2 1 5
A3 7 35
A4 2 10
@ 5 25
Treatment (no [%])

Surgical anterior approach 20 100

of the normal canal diameter size within 1 vertebral
level above (Da) and below (Db).

- MSCC is determined by splitting the anteroposterior
canal diameter at the affected zone (Di) by the average
of the normal canal diameter size within 1 vertebral
level above (Da) and below (Db).

- Maximum cord swelling (MCS) is determined by the
maximum swollen (Ds) anteroposterior spinal cord
diameter at the affected zone and within 1 vertebral
level above (Da) or below (Db).
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Table 3 Patients’ AIS grade at hospital admission and at 6 to
12 months follow-up

AIS grade | AIS-A | AIS-B | AIS-C | AIS-D | AIS-E

AlS grade | 1 5 4 7 3
at
admission
(no [%])

AlIS grade | 1 2 3 6 9
follow-up
6-12
months
(no [%])

p-value
0.01

Abbreviations: AIS, American spinal injury association impairment
scale.

- Longitudinal length of IML, which is the rostrocaudal
length of intramedullary changes. (~Figure 1)

Neurological Assessment

Clinical examinations for neurological symptoms were done
according to the AIS score system. Baseline AIS grading was
done up to 48 hours after patients’ admission at the hospital,
presurgery. Long-term follow-up (6-12 months) of neuro-
logical evaluations postsurgery were performed by neuro-
surgeons through scheduled visits at the hospital clinic.

Statistical Analysis

Data analysis was done with the Statistical Package Social
Sciences (SPSS, IBM Corp. Armonk, NY, USA) software,
version 21.0. The utilized tests were the Kolmogorov-Smir-
nov test, paired sample T-test, Pearson correlation coeffi-
cient, Spearman test, and independent sample T-test. All p-
values lower than 0.05 were considered statistically
significant.

Results

All 20 cases were male subjects, and the mean age was
45.5+15.1 years. The treatment performed in all patients
was an anterior surgical approach. Falling (60%) and vehicle
accidents (40%) were the main causes of trauma in these
patients. None of these patients underwent steroid therapy.
As might be expected, more than half of the patients included
had an incomplete injury with AIS grades C and D, and the
most numerous neurological levels of injury (NLI) were C4-
C5. The list of comorbidities evaluated in this study is present
in =Table 2. Incomplete burst fractures (35%) and type C
fractures (translocation) (25%) were the most common
among patients.

The initial and follow-up AIS scores are shown in =Table 3;
there was a significant difference between them (p =0.01).

Mean MCC on the initial MRI ranged from 39 to 9% for AIS
scores A to E (=Fig. 2a). Mean MSCC on the initial MRI ranged
from 45 to 7% for AlS scores A to E (~Fig. 2b). Mean MSC on
the initial MRI ranged from 32 to 13% for AIS scores A to E
(=~Fig. 2c). Mean IML on the initial MRI ranged from 58 to
23 mm for AIS scores A to E (~Fig. 2d).16
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Fig. 2 (a) Mean MCC on the initial MRI for each AIS grade; (b) MSCC on the initial MRI for each AIS grade; (c) MCS in the initial MRI for each AIS
grade; (d) longitudinal length of the IML for each AIS grade. Error bars indicate standard deviation (SD).

Table 4 Correlation of AIS with imaging findings

Parameters AIS at admission p-value AlS at follow-up p-value
CT maximum osseous canal compromise 0.790 0.001 0.713 0.001
MSCC 0.925 0.001 0.870 0.001
MCS 0.880 0.001 0.793 0.001
Longitudinal length of IML 0.666 0.01 0.629 0.03
Fracture type 0.606 0.05 0.615 0.05

Abbreviations: AIS, American spinal injury association impairment scale; CT, computed tomography; IML, intramedullary lesion; MCC, maximum
canal compromise; MCS, maximum cord swelling; MSCC, maximum spinal cord compression.

In this study, the correlation between AIS at admission
and follow-up with imaging parameters were assessed and
the results are present in =Table 4. Imaging findings had a
significant correlation with patients’ neurological outcome,
which was evaluated based on the AIS test.

According to the data present in =Table 5, the MCC
(p=0.74) and longitudinal length of IML (p=0.24) were
not significantly related to the improvement in patients.
Conversely, maximum spinal cord compression (p=0.05),
and maximum cord swelling (p=0.02) had a significant
association with patient improvement.

Arquivos Brasileiros de Neurocirurgia ~ Vol. 41

Discussion

In this study, we assessed the relationship between imaging
quantitative features with improvement of postoperative
neurological symptoms (according to AIS) in patients with
TCSCI without prior neurodegenerative diseases. This study’s
findings demonstrate that the presence of greater cord com-
pression and swelling is a prognostic factor to predict the long-
term neurological outcomes in patients under surgery.
Considering that most of the cervical spinal cord injuries
are incomplete, the cause/mechanism of the SCI and
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Table 5 The association of patient improvement with imaging

findings
Quantitative parameters Improvement (p-value)
CT MCC 0.74
Maximum spinal cord 0.05
compression
Maximum cord swelling 0.02
Longitudinal length of IML 0.24

Abbreviations: CT, computed tomography; IML, intramedullary lesion;
MCC, maximum osseous canal compromise; MCS, maximum cord
swelling; MSCC, maximum spinal cord compression.

rehabilitation outcomes should not be conflated. In a study
by Kiwerski, it was reported that the cause of the injury
impacts the level of the spinal cord lesion. Moreover, the
incidence of injuries from a flexion mechanism is more
prevalent.!” According to some studies, the highest leading
cause of SCI in younger patients followed by motor vehicle
accidents, sports, trauma, suicide attempts, and acts of vio-
lence was occurring. Falling was significantly the cause of TSCI
in older patients (62.3%)'8. In this study, TSCI was associated
with cervical spinal cord lesion, caused by falls in 60% of cases,
of whom 26% were construction workers, and 13% were
farmers. However, patients with significant MSCC and MCS,
as well as severe functional impairment, were more prevalent
in motor vehicle accidents.

In this study, we found that falling was the main cause of
TSCI in patients, which could be related to the work oppor-
tunities in the north of Iran, predominantly farming and
reconstruction. Another studyw, which evaluated age, gen-
der, BMI, and administration of steroids, determined that
these items did not correlate with neurological outcomes and
AIS follow-up. In our study, we found that the prevalence of
TSCIis more common in male patients; however, the effect of
administration of steroids was not evaluated in this study
because the protocol prescribes the same treatment for all
patients based on internal guidelines.

The first clinical evidence was presented by Firoz Miyanji
et al.”> who reported a significant correlation between AIS
follow-up was 7.3 months (range, 1-35 months) evaluation
with intramedullary hemorrhage and cord swelling at the time
of injury. Furthermore, they suggested that the extent of MSCC
is more reliable than the presence of canal stenosis for pre-
dicting the neurological outcomes after SCI. In our study, as
shown in =Fig. 2, we demonstrated that MSCC and MCS had a
great relation with neurological outcomes. Patients with AIS
grades A and B had MSCC and MCS over 38 and 28%, respec-
tively. Additionally, in the present study, we evaluated the
correlation of fracture type and the longitudinal length of IML
with neurological outcomes in all patients. Patients with AIS
grades A, B, and C usually had worsened fracture type and
extensive IML. However, patients with AIS grades D and E
mostly had milder fracture types and mild IML lesions. Some-
times, transitional fractures could be seen in patients with AIS
grades D and E. It should be mentioned that transitional
fractures could be treated by surgical approach. Low-grade
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transitional fractures in patients without significant degener-
ative SCIs could not lead to the neurological deficit in patients.

Another study by Rutges et al.2% demonstrated an increase
in vertical length of spinal cord edema in the first 48 hours
after SCI, followed by a gradual decrease in the 3 weeks after
injury. The MCC and MSCC reported in these studies range
from 22 to 62% and 23 to 58%, respectively, for complete
injuries, and from 14 to 38% and 20 to 52%, respectively, for
incomplete injuries. >'>1°. All cases included in this study
required emergency surgical treatment; therefore, follow-up
regarding cord swelling was not possible for these patients.
However, the qualitative assessment of T2 images from
patients after 6 months showed no sign of cord swelling.

A Canadian study by Oichi T et al.?' demonstrated that
preexisting severe cervical cord compression is an indepen-
dent risk factor for severe paralysis once patients develop
traumatic CSCI without bone injury. Preexisting severe cervi-
cal cord compression could interference with patients’ AIS
score and imaging quantitative evaluations. In the current
study, we investigated imaging parameters on patients with-
out preexisting severe cervical cord compression with bone
injury. The obtained results confirmed the relationship of
traumatic spinal cord compression with neurological deficits.

Finally, H. Francis Farhadi®? assessed the sensitivity and
specificity of MRI parameters by including MCC, maximum
spinal cord compression (MSCC), the longitudinal length of
the IML, with the Brain and Spinal Injury Center (BASIC)
score, and a novel derived Combined Axial and Sagittal Score
(CASS). Both BASIC and IML were stronger predictors of AIS
conversion when compared with MCC and MSCC (p =0.0002
and p = 0.04). In the present study, as shown in =Table 4, we
found that IML was correlated with AIS at admission and
follow-up 6 to 12 months postoperatively. However, we
showed, in =Table 5, that the patients’ improvement had
no significant relationship with those factors. Additionally,
AIS-C and -D patients had the best neurologic improvement.
We suggest that other studies are required to corroborate
these results. Another limitation of our study is the small
sample size per AIS grade, especially the AIS-A group (n=1).

Conclusion

According to the obtained results, it may be concluded that
there is a significant association between clinical and func-
tional outcomes with spinal cord compression and cord
swelling in TSCI patients. Hence, these are applicable varia-
bles to predict the final outcomes in patients with mild to
acute cervical spinal cord injury. However, studies with a
larger sample population and longer follow-up times are
required to attain more reliable results.
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