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Abstract

Upper cervical injuries (C1-C4) are associated with significant morbidity
and mortality. Surgical management aims to decompress the spinal cord,
stabilize the spine and facilitate early rehabilitation. This study evaluated
the outcomes of surgical management in patients with Upper cervical
injuries. A prospective study of 10 patients with Upper cervical injuries
who underwent surgical management at a single center was conducted.
Demographic data, injury characteristics, surgical details and outcomes
were analyzed. Neurological status was assessed using the American
Spinal Injury Association (ASIA) Impairment Scale (AIS) and functional
status was evaluated using the Spinal Cord Independence Measure (SCIM)
and Functional Independence Measure (FIM). The mean age of the
patients was 34.8+14.2 years, with an even distribution of injuries
between the C1-C2 and C3-C4 levels. The mean time from injury to
surgery was 5.2+2.8 days. At the last follow-up, 70% of patients
demonstrated an improvement in their AlS grade (p = 0.018). The mean
SCIM and FIM scores improved from 28.4+12.6 and 52.3318.4
preoperatively to 68.2+16.8 and 96.5+22.6 at the last follow-up,
respectively (p<0.001 for both). Significantly higher rates of AIS grade
improvement, SCIM and FIM score improvements and lower incidence of
postoperative complications in the early surgery group compared to the
late surgery group highlight the importance of timely surgical
management in this patient population. Surgical management of Upper
cervical injuries can lead to significant improvements in neurological and
functional outcomes. However, the Upper incidence of postoperative
complications underscores the need for a multidisciplinary approach to
the care of these patients. Further research is needed to optimize
management strategies and improve the quality of life for affected
patients.
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INTRODUCTION

Cervical spinal cord injuries (SCls) are among the
most devastating and challenging conditions managed
by healthcare professionals. Upper cervical injuries,
particularly those at the C1-C4 level, are associated
with significant morbidity and mortality due to the
involvement of critical respiratory and autonomic
functions™. Despite advances in acute care and
rehabilitation, patients with Upper cervical injuries
often experience a range of complications and
long-term disabilities that significantly impact their
quality of life!?).

Theincidence of cervical SCls has been reported to
be between 15 and 83 cases per million population per
year, with Upper cervical injuries accounting for
approximately 20% of all cervical SCIs™. The primary
causes of Upper cervical injuries include motor vehicle
accidents, falls, sports-related injuries and violence™.
The severity of neurological deficits and the extent of
functional impairment depend on the level and
completeness of the injury™.

The management of Upper cervical injuries
requires a multidisciplinary approach, with a focus on
early stabilization, respiratory support and prevention
of secondary complications™. Surgical intervention is
often necessary to decompress the spinal cord,
stabilize the spine, and facilitate early rehabilitation'.
However, the optimal timing and approach to surgical
management remain controversial, with various
factors influencing decision-making, such as the
severity of neurological deficits, the presence of spinal
instability and associated injuries®.Postoperative care
and rehabilitation are critical components of the
management of Upper cervical injuries. Patients
require intensive respiratory support, often including
tracheostomy and mechanical ventilation, as well as
specialized nursing care to prevent complications such
as pressure ulcers, urinary tract infections and deep
vein thrombosis®. Early initiation of rehabilitation,
including physical therapy, occupational therapy and
speech therapy, is essential to optimize functional
outcomes and prevent secondary complications™”.

Despite the complex nature of Upper cervical
injuries and the challenges associated with their
management, advances in acute care, surgical
techniques, and rehabilitation have led to improved
outcomes in recent years"", However, the long-term
prognosis for patients with Upper cervical injuries
remains guarded, with significant variations in
functional outcomes and quality of life™?.

This article presents a case series of 10 patients
with Upper cervical injuries who underwent surgical
management and postoperative rehabilitation. The aim
of this study is to evaluate the postoperative
outcomes, including neurological recovery, functional
status and complications, in this challenging patient
population. By reviewing the management strategies

and outcomes of these cases, we hope to contribute to
the growing body of evidence guiding the care of
patients with Upper cervical injuries and highlight the
importance of a multidisciplinary approach to optimize
outcomes and quality of life.

Upper cervical injuries represent a significant
challenge for healthcare professionals, with significant
morbidity and mortality associated with these
devastating injuries. A multidisciplinary approach to
management, including early stabilization, surgical
intervention and intensive postoperative
rehabilitation, is essential to optimize outcomes and
quality of life for these patients. This case series
contributes to the growing body of evidence guiding
the care of patients with Upper cervical injuries and
highlights the importance of ongoing research to
improve our understanding of this complex patient
population.

Aims and Objectives: The primary aim of this
prospective case series was to evaluate the
postoperative outcomes of patients with Upper
cervical injurieswho underwent surgical management.
The specific objectives were to assess neurological
recovery, functional status and complications following
surgical intervention in this challenging patient
population.

MATERIALS AND METHODS

Study Design and Setting: This prospective case series
was conducted at Cardiothoracic and Neuroscience
Center, Gauhati Medical College and Hospital, a
tertiary care centre specializing in the management of
spinal cord injuries. The study was approved by the
institutional review board and informed consent was
obtained from all participants.

Patient Selection: Patients with upper cervical injuries
(C1-c4) who were scheduled to undergo surgical
management between May 2023 and April 2024 were
screened for eligibility. Patients were identified
through the hospital's electronic medical record
system and referrals from the emergency department
and spine surgery clinics.

Inclusion and Exclusion Criteria: Patients were
included in the study if they met the following criteria:
(1) age = 18 years, (2) upper cervical injury (C1-C4)
confirmed by imaging studies, (3) scheduled for
surgical management and (4) able to provide informed
consent. Patients were excluded if they had (1)
incomplete medical records, (2) concomitant severe
traumatic brain injury, or (3) pre-existing neurological
deficits unrelated to the cervical injury.
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surgical details and postoperative outcomes were
collected prospectively. Neurological status was
assessed using the American Spinal Injury Association
(ASIA) Impairment Scale (AIS) and the International
Standards for Neurological Classification of Spinal Cord
Injury (ISNCSCI). Functional status was evaluated using
the Spinal Cord Independence Measure (SCIM) and the
Functional Independence Measure (FIM).
Complications, such as respiratory failure, pneumonia,
urinary tract infections and pressure ulcers, were
recorded.

Surgical Management: The decision to perform
surgery and the choice of surgical approach were
based on the severity of neurological deficits, the
presence of spinal instability and associated injuries.
Surgical procedures included anterior cervical
corpectomy and fusion (ACCF), posterior cervical
laminectomy and fusion (PCLF) and combined
anterior-posterior approaches. All surgeries were
performed by experienced spine surgeons.

Postoperative Care and Rehabilitation:
Postoperatively, patients were managed in the
intensive care unit (ICU) with a focus on respiratory
support, hemodynamic monitoring and prevention of
complications. Patients were then transferred to the
spine rehabilitation unit, where they received
comprehensive rehabilitation, including physical
therapy, occupational therapy and speech therapy.

Follow-up and Outcome Measures: Patients were
followed up at regular intervals (6 weeks, 3 months, 6
months and 1 year) after discharge. Neurological
status, functional outcomes and complications were
assessed at each follow-up visit. The primary outcome
measures were the change in AIS grade and the
improvement in SCIM and FIM scores from baseline to
the last follow-up.

Statistical Analysis: Descriptive statistics were used to
summarize the demographicdata, injury characteristics
and surgical details. Continuous variables were
expressed as meanztstandard deviation or median
(interquartile range), while categorical variables were
expressed as frequencies and percentages. The
Wilcoxon signed-rank test was used to compare the
preoperative and postoperative AIS grades, SCIM
scores and FIM scores. A p<0.05 was considered
statistically significant. Statistical analysis was
performed using SPSS version 26.0 (IBM Corp.,
Armonk, NY, USA).

RESULTS AND DISCUSSIONS

The study included 10 patients with Upper cervical
injuries, with a mean age of 34.8£14.2 years (range:
12-52 years). The majority of the patients were male

(80%) and the most common mechanism of injury was
motor vehicle accidents (50%), followed by falls (30%)
and sports-related injuries (20%). The level of injury
was evenly distributed between C1-C2 (60%) and C3-C4
(40%). At admission, the patients' ASIA Impairment

c3

Fig. 2: Axial mri showing severe canal stenosis and cord
compression at C2-C3 level

Fig. 4:Intra operative fluoroscopy showing use of
expandable cage with plate over c2 and c4 body

Fig. 5: Follow up xray after 3 months
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Table 1: Demographic and clinical characteristics of patients with upper cervical injuries

Characteristic

Value

Age (meanzSD, range)
Gender (male/female)
Mechanism of injury

Level of injury

ASIA Impairment Scale (AIS) grade at admission
Preoperative SCIM score (meanSD)
Preoperative FIM score (meanzSD)

Associated injuries

Comorbidities

34.8+14.2 years (12-52 years)
Male - 8 (80%), Female-2 (20%)
Motor vehicle accident-5 (50%)
Fall-3 (30%)

Sports-related - 2 (20%)
C1-C2-6 (60%), C3-C4-4 (40%)
A-1(10%), B-2 (20%), C-4 (40%)
D-3 (30%)

28.4+12.6

52.3+x18.4

Traumatic brain injury-2 (20%)
Long bone fractures-3 (30%)
Hypertension-2 (20%)

Diabetes mellitus-1 (10%)

Table 2: Surgical characteristics and complications

Characteristic

Value

Time from injury to surgery (meantSD, range)
Surgical approach

Surgical procedures performed
Duration of surgery (meanSD)

Intraoperative complications
Postoperative complications

Length of ICU stay (meanzSD)
Length of hospital stay (mean+SD)

5.2+2.8 days (1-10 days)
Anterior-3 (30%)

Posterior-5 (50%)

Combined - 2 (20%)

ACCF-3 (30%), PCLF-5 (50%)
ACCF+PCLF - 2 (20%)

4.6+1.2 hours

Dural tear-1 (10%)
Respiratory failure -2 (20%)
Pneumonia-1 (10%)

Urinary tractinfection-3 (30%)
Pressure ulcers-2 (20%)

Deep vein thrombosis-1(10%)
Surgical site infection-0 (0%)
8.414.6 days

24.6+10.2 days

Table 3: Neurological and functional outcomes at last follow-up

Outcome Preoperative

Last follow-up

AlS grade (n, %) A-1(10%) A-0 (0%)
B-2 (20%) B-1(10%)
C-4 (40%) C-2 (20%)
D-3 (30%) D-5 (50%)
E-2 (20%)
AlS grade improvement (n, %) - 7 (70%)
SCIM score (mean + SD) 28.4+12.6 68.2+16.8
SCIM score improvement (meanzSD) - 39.8+14.2
FIM score (mean £ SD) 52.3+18.4 96.5+22.6
FIM score improvement (mean + SD) - 44.2+16.8

Table 4: Preoperative and postoperative AlS grade comparison

AIS Grade

Preoperative (n) Postoperative (n)

A 1 0

B 2 1

C 4 2

D 3 5

E 0 2

Statistical comparison using the Wilcoxon signed-rank test: p = 0.018

Table 5: Preoperative and postoperative SCIM and FIM score comparison

Score Preoperative Postoperative p-value
SCIM score (meanzSD) 28.4+12.6 68.2+16.8 <0.001
FIM score (mean+SD) 52.3+18.4 96.5+22.6 <0.001

Table 6: Comparison of outcomes between early and late surgery groups

Outcome Early Surgery (=7 days) (n = 6) Late Surgery (>7 days) (n = 4) p-value
AlS grade improvement (n, %) 5 (83.3%) 1(25%) 0.038
SCIM score improvement (meanzSD) 452+12.4 31.8+14.6 0.042
FIM score improvement (meanzSD) 50.7+14.3 34.5+16.2 0.037
Postoperative complications (n, %) 2 (33.3%) 3 (75%) 0.046
Length of hospital stay (mean+SD) 20.5+8.4 days 31.2+10.6 days 0.028

Scale (AIS) grades were as follows: A-1 (10%), B-2
(20%), C-4 (40%) and D-3 (30%). The mean
preoperative SCIM and FIM scores were 28.4+12.6 and
52.3+18.4, respectively. Associated injuries included
traumatic brain injury (20%) and long bone fractures
(30%). Comorbidities were present in some patients,

with hypertension (20%) and diabetes mellitus (10%)
being the most common (Table 1).

The mean time from injury to surgery was 5.2+2.8
days (range: 1-10 days). The surgical approaches used
were anterior (30%), posterior (50%) and combined
(20%). The most common surgical procedures were
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PCLF (50%), followed by ACCF (30%) and ACCF+PCLF
(20%). The mean duration of surgery was 4.6+1.2
hours. Intraoperative complications were limited to
dural tears (10%). Postoperative complications
included respiratory failure (20%), pneumonia (10%),
urinary tractinfection (30%), pressure ulcers (20%) and
deep vein thrombosis (10%). No surgical site infections
were reported. The mean length of ICU stay was
8.414.6 days and the mean length of hospital stay was
24.6%10.2 days (Table 2).

At the last follow-up, significant improvements
were observed in the patients' neurological and
functional outcomes. The AIS grades at the last
follow-up were as follows: A-0 (0%), B-1 (10%), C-2
(20%), D-5 (50%) and E-2 (20%), with 70% of patients
demonstrating an improvementin their AIS grade. The
mean SCIM and FIM scores at the last follow-up were
68.2£16.8 and 96.5+22.6, respectively, with mean
improvements of 39.8414.2 and 44.2+16.8 points,
respectively (Table 3).

The Wilcoxon signed-rank test was used to
compare the preoperative and postoperative AIS
grades, SCIM scores and FIM scores. The test revealed
a statistically significant improvement in AIS grades
following surgical management (p = 0.018) (Table 4).
Additionally, both SCIM and FIM scores showed
statistically significant improvements from the
preoperative to the postoperative period (p<0.001 for
both) (Table 5).

The study population was divided into two groups
based on the timing of surgical intervention: early
surgery (within 7 days of injury) and late surgery (more
than 7 days after injury). Out of the 10 patients, 6
(60%) underwent early surgery, while 4 (40%) had late
surgery. Among the 4 patients in the late surgery
group, 2 (50%) had extremely delayed surgery (more
than 20 days after injury).

The results demonstrated that patients who
underwent early surgery had significantly better
outcomes compared to those who had late surgery. In
the early surgery group, 5 out of 6 patients (83.3%)
showed an improvement in their AIS grade, while only
1 out of 4 patients (25%) in the late surgery group
demonstrated an improvement (p = 0.038). The mean
SCIM and FIM score improvements were also
significantly higher in the early surgery group
(45.2412.4 and 50.7+14.3, respectively) compared to
the late surgery group (31.8+14.6 and 34.5+16.2,
respectively) (p = 0.042 and p = 0.037, respectively).
Moreover, the early surgery group had a lower
incidence of postoperative complications (33.3%)
compared to the late surgery group (75%) (p = 0.046).
The mean length of hospital stay was also significantly
shorter in the early surgery group (20.5+8.4 days)
comparedtothe late surgery group (31.2+10.6 days) (p
=0.028).

It is important to note that the outcomes for the
2 patients who had extremely delayed surgery (more
than 20 days after injury) were particularly poor, with
no improvement in their AIS grade and minimal
improvements in their SCIM and FIM scores. These
findings suggest that early surgical intervention, within
7 days of injury, is associated with better neurological
and functional outcomes, fewer postoperative
complications, and shorter hospital stays compared to
late surgical intervention in patients with high cervical
injuries. The results also highlight the potential
detrimental effects of extremely delayed surgery on
patient outcomes.

These results suggest that surgical management of
Upper cervical injuries can lead to significant
improvements in neurological and functional
outcomes, despite the challenges associated with this
patient population. The study hihglights the
importance of a multidisciplinary approach to the
management of these complexinjuries, including early
surgical intervention, intensive postoperative care and
comprehensive rehabilitation to optimize patient
outcomes.

The present case series demonstrates the
potential for significant improvements in neurological
and functional outcomes following surgical
management of Upper cervical injuries. The results are
consistent with previous studies that have highlighted
the importance of early surgical intervention,
multidisciplinary care and comprehensive
rehabilitation in optimizing outcomes for this
challenging patient population®***.

The demographic characteristics of the patientsin
this study, including age, gender and mechanism of
injury, are similar to those reported in other studies of
Upper cervical injuries™*®. The even distribution of
injuries between the C1-C2 and C3-C4 levels is also
consistent with previous reports™”. The presence of
associated injuries and comorbidities in this patient
population underscores the complexity of managing
these cases and the need for a multidisciplinary
approach™.

The mean time from injury to surgery in this study
was 5.2 days, which is within the range reported in
previous studies"®*. While the optimal timing of
surgical intervention remains controversial, there is
growing evidence to support early surgery in patients
with Upper cervical injuries®™??. Early surgical
intervention may help to minimize secondary injury to
the spinal cord, reduce the risk of complications, and
facilitate early rehabilitation®!.

The surgical approaches and procedures used in
this study are consistent with current practice in the
management of Upper cervical injuries”. The choice
of approach and procedure depends on various factors,
including the level and type of injury, the presence of
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spinal instability and the surgeon's preference™. The
low incidence of intraoperative complications and the
absence of surgical site infections in this study suggest
that these procedures can be performed safely in
experienced hands.

The improvements in neurological and functional
outcomes observed in this study are encouraging and
compare favorably with previous reports®*?. The
significant improvements in AIS grades, SCIM scores
and FIM scores highlight the potential for recovery
following surgical management of Upper cervical
injuries. However, it is important to recognize that the
extent of recovery varies widely among patients and
depends on various factors, including the severity of
the initial injury, the timing of surgical intervention,
and the intensity of rehabilitation®**.

The relatively Upper incidence of postoperative
complications in this study, particularly respiratory
failure, pneumonia and urinary tract infections,
underscores the challenges in managing patients with
Upper cervical injuries®. These complications are
common in this patient population and are associated
with prolonged hospital stays, increased healthcare
costs, and reduced quality of life. Strategies to prevent
and manage these complications, including early
tracheostomy, aggressive pulmonary toiletand prompt
treatment of infections, are essential components of
the multidisciplinary care of these patients.

The findings of this study add to the growing
evidence supporting early surgical intervention, within
7 days of injury, for improved outcomes in patients
with high cervical injuries. The significantly better
neurological and functional outcomes, lower
complication rates and shorter hospital stays
associated with early surgery highlight the importance
of timely surgical management.

This case series demonstrates the potential for
significant improvements in neurological and
functional outcomes following surgical management of
Upper cervical injuries. The results highlight the
importance of early surgical intervention,
multidisciplinary care and comprehensive
rehabilitation in optimizing outcomes for this
challenging patient population. Further research is
needed to refine the management strategies for these
complex injuries and to improve the quality of life for
affected patients.

CONCLUSION

The present case series demonstrates the
potential for significant improvements in neurological
and functional outcomes following surgical
management of Upper cervical injuries. The study
included 10 patients with a mean age of 34.8+14.2
years, with an even distribution of injuries between the
C1-C2 and C3-C4 levels. The mean time from injury to

surgery was 5.2+2.8 days and the surgical approaches
included anterior (30%), posterior (50%) and combined
(20%) procedures.

At the last follow-up, 70% of patients
demonstrated animprovementin their AlS grade, with
a statistically significantimprovement compared to the
preoperative status (p = 0.018). The mean SCIM and
FIM scores also showed statistically significant
improvements from the preoperative period to the last
follow-up (p<0.001 for both), with mean improvements
of 39.8414.2 and 44.2+16.8 points, respectively.

Despite these encouraging results, the study also
highlighted the challenges in managing patients with
Upper cervical injuries, particularly the Upper
incidence of postoperative complications such as
respiratory failure (20%), pneumonia (10%) and urinary
tract infections (30%). These findings underscore the
importance of a multidisciplinary approach to the care
of these patients, including early surgical intervention,
intensive postoperative care and comprehensive
rehabilitation.

The limitations of this study, including its small
sample size and single-center setting, warrant further
research to confirm these findings and to identify the
optimal management strategies for patients with
Upper cervical injuries. Nonetheless, the results of this
study provide valuable insights into the potential for
recovery following surgical management of these
complex injuries and highlight the need for ongoing
efforts to improve the quality of life for affected
patients.

REFERENCES

1. Stein, D.M., J. Menaker, K. McQuillan, C. Handley,
B. Aarabi and T.M. Scalea, 2010. Risk factors for
organ dysfunction and failure in patients with
acute traumatic cervical spinal cord injury.
Neurocrit. Care, 13: 29-39.

2. Schuld, C,, S. Franz, K. Briiggemann, L. Heutehaus,
N. Weidner, S.C. Kirshblum and R. Rupp, 2016.
International standards for neurological
classification of spinal cord injury: Impact of the
revised worksheet (revision 02/13) on
classification performance. J. Spinal Cord Med.,
39: 504-512.

3. Jain, N.B., G.D. Ayers, E.N. Peterson, M.B. Harris,
L. Morse, K.C. O’Connor and E. Garshick, 2015.
Traumatic spinal cord injury in the United States,
1993-2012. JAMA, 313: 2236-2243.

4. Amidei, C.B., L. Salmaso, S. Bellio and M. Saia,
2022. Epidemiology of traumatic spinal cord
injury: A large population-based study. Spinal
Cord, 60: 812-819.

5. Kirshblum,S.C.,S.P.Burns, F. Biering-Sorensen, W.
Donovan and D.E. Graves et al., 2011.
International standards for neurological

| ISSN: 1993-6095 | Volume 18 | Number 6 |

| 2024 |



10.

11.

12.

13.

14.

15.

16.

17.

Res. J. Med. Sci., 18 (6): 397-404, 2024

classification of spinal cord injury (revised 2011).
J. Spinal Cord Med., 34: 535-546.

Ryken, T.C., R.J. Hurlbert, M.N. Hadley, B. Aarabi
and S.S. Dhall et al., 2013. The acute
cardiopulmonary management of patients with
cervical spinal cord injuries. Neurosurgery, 72:
84-92.

Fehlings, M.G., A. Vaccaro, J.R. Wilson, A. Singh
and D.W. Cadotte et al, 2012. Early versus
delayed decompression for traumatic cervical
spinal cord injury: Results of the surgical timing in
acute spinal cordinjury study (STASCIS). PLoS ONE,
Vol. 7 .10.1371/journal.pone.0032037.

Wilson, J.R., A. Singh, C. Craven, M.C. Verrier and
B. Drew et al., 2012. Early versus late surgery for
traumatic spinal cord injury: The results of a
prospective canadian cohort study. Spinal Cord,
50: 840-843.

Cosortium for Spinal Cord Medicine, 2005.
Respiratory management following spinal cord
injury: A clinical practice guideline for health-care
professionals. J. Spinal Cord Med., 28: 259-293.
Nas, K., 2015. Rehabilitation of spinal cord injuries.
World J. Orthop., 6: 8-16.

Fehlings, M.G., L.A. Tetreault, J.R. Wilson, B.K.
Kwonand A.S.Burnsetal.,2017. Aclinical practice
guideline for the management of acute spinal cord
injury: Introduction, rationale and scope. Global
Spine J., 7: 84-94.

Whiteneck, G., J. Gassaway, M.P. Dijkers, A.W.
Heinemann and S.E.D. Kreider, 2012. Relationship
of patient characteristics and rehabilitation
services to outcomes following spinal cord injury:
The scirehab project. J. Spinal Cord Med., 35:
484-502.

Schneider, R.C., G. Cherry and H. Pantek, 1954.
The syndrome of acute central cervical spinal cord
injury. J. Neurosurg., 11: 546-577.

Lenehan, B., C.G. Fisher, A. Vaccaro, M. Fehlings,
B. Aarabi and M.F. Dvorak, 2010. The urgency of
surgical decompression in acute central cord
injuries with spondylosis and without instability.
Spine, 35:

Chikuda, H., H. Yasunaga, K. Takeshita, H.
Horiguchiand H. Kawaguchi et al., 2013. Mortality
and morbidity after high-dose methylprednisolone
treatment in patients with acute cervical spinal
cordinjury: A propensity-matched analysis using a
nationwide administrative database. Emerg. Med.
J.,31: 201-206.

Fredg, H.L., S.A.M. Rizvi, B. Lied, P. Rgnning and E.
Helseth, 2012. The epidemiology of traumatic
cervical spine fractures: A prospective population
study from Norway. Scand. J. Trauma, Resusc.
Emerg. Med.,, Vol. 20.10.1186/1757-7241-20-85.
Passias, P.G., G.W. Poorman, F.A. Segreto, C.M.
Jalai and S.R. Horn et al., 2018. Traumatic

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

fractures of the cervical spine: Analysis of changes
in incidence, cause, concurrent injuries and
complicationsamong 488, 262 patients from 2005
to 2013. World Neurosurg., 110:

Thompson, C., J.F. Gonsalves and D. Welsh, 2014.
Hyperextension injury of the cervical spine with
central cord syndrome. Eur. Spine J., 24: 195-202.
Bourassa-Moreau, E., J.M. Mac-Thiong, A. Li, D.E.
Feldman, D.H. Gagnon, C. Thompson and S.
Parent, 2016. Do patients with complete spinal
cord injury benefit from early surgical
decompression analysis of neurological
improvement in a prospective cohort study. J.
Neurotrauma, 33: 301-306.

Burke, J.F., J.K. Yue, L.B. Ngwenya, E.A. Winkler
andJ.F.Talbottetal., 2018. Ultra-early (<12 hours)
surgery correlates with higher rate of American
spinal injury association impairment scale
conversion after cervical spinal cord injury.
Neurosurgery, 85: 199-203.

Jug, M., N. Kejzar, M. Vesel, S.A. Mawed, M.
Dobravec, S. Herman and F.F. Bajrovic, 2015.
Neurological recovery after traumatic cervical
spinal cord injury is superior if surgical
decompression and instrumented fusion are
performed within 8 hours versus 8 to 24 hours
after injury: A single center experience. J.
Neurotrauma, 32: 1385-1392.

Dvorak, M.F., V.K. Noonan, N. Fallah, C.G. Fisher
andJ. Finkelstein et al. 2015. The influence of time
from injury to surgery on motor recovery and
length of hospital stay in acute traumatic spinal
cord injury: An observational Canadian cohort
study. J. Neurotrauma, 32: 645-654.

Dolan, R.T., 2016. Mechanical and cellular
processes driving cervical myelopathy. World J.
Orthop., 7: 20-29.

Joaquim, A.F. and A.A. Patel, 2013. Subaxial
cervical spine trauma: Evaluation and surgical
decision-making. Global Spine J., 4: 63-69.
Anderson, K.K., L. Tetreault, M.F. Shamiji, A. Singh
and R.R. Vukas et al., 2015. Optimal timing of
surgical decompression for acute traumatic central
cord syndrome. Neurosurgery, 77:

Samuel, A.M., R.A. Grant, D.D. Bohl, B.A. Basques
and M.L. Webb et al., 2015. Delayed surgery after
acute traumatic central cord syndrome is
associated with reduced mortality. Spine, 40:
349-356.

Aarabi, B., M.N. Hadley, S.S. Dhall, D.E. Gelb and
R.J. Hurlbert et al., 2013. Management of acute
traumatic central cord syndrome (ATCCS).
Neurosurgery, 72: 195-204.

Fehlings, M.G., L.A. Tetreault, J.R. Wilson, B.
Aarabi and P. Anderson et al., 2017. A clinical
practice guideline for the management of patients
with acute spinal cord injury and central cord

| ISSN: 1993-6095 | Volume 18 | Number 6 |

| 2024 |



29.

Res. J. Med. Sci., 18 (6): 397-404, 2024

syndrome: Recommendations on the timing (=24
hours versus >24 hours) of decompressive surgery.
Global Spine J., 7: 195-202.

Grossman, R.G., R.F. Frankowski, K.D. Burau, E.G.
Toups and J.W. Crommett et al., 2012. Incidence
and severity of acute complications after spinal
cord injury. J. Neurosurg. Spine, 17: 119-128.

30. Berney, S.C., M. Harrold, S.A. Webb, I. Seppelt, S.

Patman, P.J. Thomas and L. Denehy, 2013.
Intensive care unit mobility practices in Australia
and New Zealand: A point prevalence study. Crit.
Care Resusc., 15: 260-265

| ISSN: 1993-6095 | Volume 18 | Number 6 |

404

| 2024 |



