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ABSTRACT

Background: Cervical spine trauma (CST) leads to devastating neurologic injuries. In a cohort of CST patients
from a major East Africa referral center, we sought to (a) describe presentation and operative treatment patterns, (b)
report predictors of neurologic improvement, and (c) assess predictors of mortality.

Methods: A retrospective, cohort study of CST patients presenting to a tertiary hospital in Dar Es Salaam,
Tanzania, was performed. Demographic, injury, and operative data were collected. Neurologic exam on admission/
discharge and in-hospital mortality were recorded. Univariate/multivariate logistic regression assessed predictors of
operative treatment, neurologic improvement, and mortality.

Results: Of 101 patients with CST, 25 (24.8%) were treated operatively on a median postadmission day 16.0 (7.0—
25.0). Twenty-six patients (25.7%) died, with 3 (12.0%) in the operative cohort and 23 (30.3%) in the nonoperative
cohort. The most common fracture pattern was bilateral facet dislocation (26.7%). Posterior cervical laminectomy and
fusion and anterior cervical corpectomy were the 2 most common procedures. Undergoing surgery was associated with
an injury at the C4-C7 region versus occiput—C3 region (odds ratio [OR] 6.36, 95% confidence interval [CI] 1.71-32.28,
P = .011) and an incomplete injury (OR 3.64; 95% CI 1.19-12.25; P = .029). Twelve patients (15.8%) improved
neurologically, out of the 76 total patients with a recorded discharge exam. Having a complete injury was associated
with increased odds of mortality (OR 11.75, 95% CI 3.29-54.72, P < .001), and longer time from injury to admission
was associated with decreased odds of mortality (OR 0.66, 95% CI 0.48-0.85, P = .006).

Conclusions: Those most likely to undergo surgery had C4-C7 injuries and incomplete spinal cord injuries. The
odds of mortality increased with complete spinal cord injuries and shorter time from injury to admission, probably due
to more severely injured patients dying early within 2448 hours of injury. Thus, patients living long enough to present
to the hospital may represent a self-selecting population of more stable patients. These results underscore the severity

and uniqueness of CST in a less-resourced setting.
Level of Evidence: 4.

Cervical Spine
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INTRODUCTION

Spinal trauma, comprising fractures to the spinal
column and spinal cord injury (SCI), represents a
significant challenge for patients, clinicians, and
healthcare systems worldwide. While the annual
incidence of traumatic spinal injuries is approxi-
mately 45-80 cases per millions worldwide, low- and
middle-income countries (LMICs) experience up to
130 cases per million.' * Additional reports confirm
rates of spinal trauma are 1.6 times higher in LMICs
than high-income countries.'*

The sensorimotor and autonomic nervous system
dysfunction following spinal trauma results in life-
long disability and long-term healthcare challeng-
es.*'” In Sub-Saharan Africa, acute mortality from
spinal trauma ranges from 18% to 25%.,*° com-
pared to near zero in developed nations.® Spinal
trauma leads to considerable financial strain for
patients, families, and society at large due to direct
medical costs and lost wages. This high socioeco-
nomic burden is further heightened in the LMICs,
where some nations spend over $2 billion annually,
including $5 million per case of paraplegia and $9.5

Downloaded from https://www.ijssurgery.com/ by guest on May 17, 2025

Copyright 2021 by International Society for the Advancement of Spine Surgery.


https://www.ijssurgery.com/

Cervical Spine Trauma in East Africa

million per case of quadriplegia.®'"™"> Without
adequate rehabilitation services in most LMICs,
patients rely heavily on family members for care.

Cervical spine trauma (CST) represents the most
severe form of spinal trauma, with increased rates
of morbidity and mortality compared to thoracic
and lumbar injuries.'® Damage to the cervical
spinal cord results in all the same sequelae as
thoracic and lumbar SCI, along with upper
extremity weakness and respiratory impairment
due to diaphragm and upper intercostal muscle
dysfunction. Over 40% of CST patients present
initially with complete SCI, while the remaining
present with an incomplete injury (40%) or no cord
injury (20%)."” CST occurs in 2% to 10% of all
polytrauma patients.'®

CST presents additional challenges given the
added expertise and risk involved in surgical
intervention. Various studies have reported the
scarcity of trained surgeons, adept surgical teams,
and surgical resources in LMICs.'*?° Neurosurgery
is tertiary and expensive, leaving operative resources
scarce throughout less-resourced countries.'?>!*
Many LMIC regions report low rates of operative
treatment for CST due to lack of equipment and
implants.**3-2*

Given the devastating effects of CST in less-
resourced environments, an epidemiologic investi-
gation is needed to better understand this patient
population. In a population of CST patients from a
major East Africa referral center, our objectives
were to (a) describe the presentation and operative
treatment patterns, (b) report predictors of neuro-
logic improvement, and (c¢) assess predictors of
mortality.

METHODS
Study Design and Clinical Setting

A retrospective analysis of prospectively collected
data from the Muhimbili Orthopaedic Institute
(MOI), a tertiary referral hospital in Dar es Salaam,
Tanzania, was conducted. MOI houses approxi-
mately 120 general ward beds. At the time of data
collection, the hospital housed 8 intensive care unit
(ICU) beds, but has since grown to 18 ICU beds
with 18 high-dependency unit surgical step-down
beds. Local institutional review board approved the
current study and informed consent was obtained
from all patients.

Patient Identification

All patients who presented with CST from
October 2016 to June 2019 (33 months) were
included. CST was operationally defined as any
injury to the spinal column involving the occiput to
C7-T1 disc space, with or without evidence of SCI.
Exclusion criteria included patients with the follow-
ing conditions: only thoracic/lumbar injuries, <14
years old, concomitant brain injury, or underwent
an operation >4 months from the time of injury.
This case series represents an extension of a
previously published cohort.!”*!

Clinical and Operative Data

Several demographic and injury-specific data
points were collected, including age, sex, and
mechanism of injury. Injury levels were categorized
according to prior studies and described per cervical
level.”® Insurance status was classified as public
(required to provide all funds prior to receiving
hospital services) or private (no additional funds
required to receive hospital services).

Fracture type was defined descriptively using a
combination of prior cervical spine fracture classi-
fication schemes.’*’ Unilateral facet dislocations
were defined as listhesis of 25% or less, bilateral
facet dislocations had listhesis of 25%-75%, and
spondyloptosis had listhesis of >100%.?' Central
cord syndrome was defined according to prior
studies and by radiographic and/or clinical presence
of a cervical SCI without ongoing compression,
which most often occurred in the setting of
preexisting spondylosis and canal narrowing.’*:!
We acknowledge that the definition of central cord
syndrome is controversial, and any spondylosis
with active compression due to a fracture, disc
prolapse, ligamentum flavum buckling, or facet
arthropathy, was not defined as central cord
syndrome. Neurologic exams were obtained upon
admission and discharge according to the American
Spinal Injury Association (ASIA) Impairment
Scale.*? In-hospital mortality was recorded for all
patients.

One of four operations was performed: (1)
anterior cervical discectomy and fusion with tricort-
ical iliac crest autograft and plate, (2) anterior
cervical corpectomy with tricortical iliac crest
autograft and plate, (3) posterior cervical laminec-
tomy and fusion with lateral mass screws and rods
(PCLF), and (4) posterior cervical laminectomy
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only. Tricortical iliac crest autograft was used for
bone graft in anterior cases, whereas local autograft
was used for posterior cases. Decompression was
performed at the site of active cord compression.
Time in days was recorded during the following
points: injury to admission, admission to operating
room, operating room to discharge, and total length
of stay.

Surgical Indication

All patients were retrospectively reviewed to
determine whether an indication for surgery was
present using a combination of the AO fracture
classification system®® and neurologic function, in
accordance with prior studies.’® Fracture type was
defined using the AO Classification System (A0-4,
B1-3, C).* Patients with traumatic disk herniation
or central cord syndrome without a fracture were
classified as A0. An injury was considered to have a
surgical indication in one of two ways: (1) it was an
unstable fracture, classified as type A4, B, or C,
which required stabilization regardless of neurolog-
ic injury or (2) it was a potentially unstable
fracture, classified as A0-A3, with neurologic
impairment (ASIA A-D). Given the limited re-
sources, some patients only had x-rays available
due to cost, and in these cases, a best estimation of
fracture type was made. All surgical indication
determinations were performed by 2 individuals: a
neurosurgery trainee and fellowship-trained neuro-
surgeon.

Statistical Methods

All continuous data were presented as mean (SD)
and/or median with interquartile range (IQR) and/
or full range, whereas all count data were presented
asn (%). T-tests and % tests or the Fisher exact test
were used to assess differences among continuous
and categorical variables, respectively. Univariate
followed by multivariate logistic regression was used
to assess predictors of 3 outcomes: operative
treatment, improvement in neurologic function,
and mortality. Any variable with P < .10 after
univariate regression was included in the multivar-
iate model. The second outcome of improved
neurologic function was subdivided into surgical
group. Significance was considered at an aof < .05.
All statistical analyses were performed in RStudio,
version 1.2.5033.

RESULTS
Patient Cohort

Of 101 patients presenting to MOI with CST, 25
(24.8%) were treated operatively on a median (IQR)
of postadmission day 16.0 (7.0-25.0) (Table 1).
Motor vehicle and motorcycle collisions were the
most common injury mechanism in both groups,
and the majority of patients had public insurance
(88.1%). Almost all patients were admitted to an
outside hospital before MOI (96.0%), leading to a
median (IQR) time from injury to MOI admission
of 2.0 (1.0-5.0) days. Nonoperative patients received
x-rays more often, whereas operative patients more
commonly received computed tomography (CT)
and magnetic resonance imaging scans. Of the
nonoperative cohort, 93.4% had an indication for
surgery, signifying the severity of injury in this
population. Twenty-six patients (25.7%) died, with
3 (12.0%) in the operative cohort and 23 (30.3%) in
the nonoperative cohort. The most common frac-
ture pattern was bilateral facet dislocation (n = 27,
26.7% of patients) followed by unilateral facet
dislocation (n = 22, 21.8% of patients) and burst/
teardrop fracture (n =20, 19.8% of patients) (Figure

1.

Operative Treatment

Though 95.0% of all CST patients had an
indication for surgery, 25 patients (24.8% of total
sample; 26.0% of those with an operative indica-
tion) went to surgery, which means 71 patients
(74.0% of those with an operative indication) did
not undergo surgery. Of the 25 operative patients,
PCLF was the most common operation (48%),
followed by anterior cervical corpectomy (28%)
(Table 2). A representative case of a C5 burst
fracture and anterior cervical corpectomy with iliac
crest autograft is shown Figure 2A—E). Median time
from admission to operating room was 16.0 days (0—
74). Postoperative imaging was obtained in only
56% of patients, likely due to cost, and was almost
exclusively x-rays. Two independent predictors of
undergoing operative treatment emerged after mul-
tivariate logistic regression: (1) having an injury at
C4-C7 compared to higher occiput—C3 levels (odds
ratio [OR] 6.36, 95% confidence interval [CI] 1.71-
32.28, P=.011) and (2) having an incomplete injury
(ASIA B-D) compared to complete or intact (ASIA
A/E) (OR 3.64;95% CI 1.19-12.25; P=.029) (Table
3). Thus, it appears those most likely to undergo
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Table 1. Demographics, injury, and hospitalization information of patients with cervical spine injuries.
Total Operative Nonoperative
N =101 N=25 N =176 P-value

Age, mean (SD), y 35.1 (12.3) 35.6 (12.9) 349 (12.1) 816
Male, n (%) 88 (87.1) 22 (88) 66 (86.8) 1.000
Insurance, n (%) .706

Public 89 (88.1) 21 (84.0) 68 (89.5)

Private 12 (11.9) 4 (16.0) 8 (10.5)
Mechanism, n (%) 395

MVC/MCC 46 (45.5) 14 (56.0) 32 (42.1)

Pedestrian 11 (10.9) 1 (4.0) 10 (13.2)

Fall 29 (28.7) 7 (28.0) 22 (28.9)

Blunt object 10 (9.9) 2 (8.0) 8 (10.5)

Other 5(5.0) 1 (4.0) 4(5.3)
Admitted to OSH, n (%) 97 (96.0) 22 (88.0) 75 (98.7) .074
Location, n (%)*

Occiput-C2 12 (12.1) 1 (4.0) 11 (14.9) .148

C3-4 16 (16.2) 2 (8.0) 14 (18.9) .200

C4-5 19 (19.2) 3 (12.0) 16 (21.6) 291

C5-6 28 (28.3) 8 (32.0) 20 (27.0) .620

C6-7 20 (20.2) 10 (40.0) 10 (13.5) .004

C7-Tl 4 (4.0) 1 (4.0) 3(4.1) 930
Imaging, n (%)

X-ray 82 (81.2) 16 (64.0) 66 (86.8) .025

CT 32 (31.7) 10 (40.0) 22 (28.9) 434

MRI 70 (69.3) 18 (72.0) 52 (68.4) 931
Neurologic status, n (%)

Complete (ASIA A) 52 (51.5) 10 (48.4) 42 (55.3) 274

Incomplete (ASIA B-D) 39 (38.6) 14 (48.4) 25 (32.9) .069

Intact (ASIA E) 10 (9.9) 1(3.2) 9 (11.8) 452
Indication for surgery, n (%) 96 (95.0) 25 (100) 71 (93.4) 433
Central cord, n (%) 12 (11.9) 1 (4.0) 11 (14.5) 295
SBP low (n = 22), median (range) 100.5 (50.0-128.0) 103.0 (97.0-125.0) 100.0 (50.0-128.0) 483
Days in ICU (n = 21), median (range) 3(1-27) 4 (3-27) 2 (1-15) .070
Length of stay, mean (SD), days 27.4 (21.4) 34.4 (19.4) 25.1 (21.6) .063
Pressure ulcer, n (%) 15 (14.9) 4 (16.0) 11 (14.5) 1.000
Mortality, n (%) 26 (25.7) 3 (12.0) 23 (30.3) 122

Abbreviations: CT, computed tomography; ICU, intensive care unit; MRI, magnetic resonance imaging; MVC/MCC, motor vehicle or motorcycle collision; OSH, outside
hospital, SBP, systolic blood pressure.
#Two patients had central cord syndrome without MRI, and a specific injury level could not be assigned.

Figure 1.
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Fracture types among 101 cervical spine trauma patients (each fracture type counted separately when more than 1 injury was present).
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Table 2. Operative details of those undergoing surgery.

Parameter Value (n = 25)

Operation, n (%)

Anterior cervical discectomy and fusion with plate 4 (16)
Anterior cervical corpectomy with plate 7 (28)
Posterior cervical laminectomy fusion 12 (48)

Posterior cervical laminectomy only 2 (8)

Levels fused, mean (SD) 1.78 (0.52)
Screws, mean (SD)

Anterior 4.68 (0.95)

Posterior 4.90 (1.00)
Postoperative imaging, n (%)

X-ray 13 (52)

CT 14

MRI 0 (0)

Abbreviations: CT, computed tomography; MRI, magnetic resonance imaging.

surgery were patients with lower cervical injuries
(C4-C7) and incomplete SCI injuries (Figure 3).

Neurologic Outcomes

In the 76 patients with an exam recorded at
discharge (75.2%), 12 patients (15.8%) improved
neurologically by at least 1 ASIA grade (Tables 4
and 5). After univariate logistic regression in all
patients (operative and nonoperative), the only
factor associated with neurological improvement
was having an incomplete SCI (ASIA B-D) (OR
4.38, 95% CI 1.18-21.20, P = .038); however, this

lost statistical significance after multivariate analysis
(Table 6). In the smaller subset of 22 patients who
underwent surgery, univariate logistic regression
showed a trend toward faster time to surgery being
associated with an increased odds of neurologic
improvement (OR 1.08, 95% CI 1.02-1.21, P =
.061), but this too lost significance after multivariate
analysis. Importantly, operative treatment was not
associated with neurologic improvement on univar-
iate testing (OR 0.79, 95% CI 0.16-2.99, P = .743).

Mortality

A total of 26 patients died (25.7%), with 3
(12.0%) in the operative group and 23 (30.3%) in
the nonoperative group. After multivariate testing, 2
factors were significantly associated with increased
odds of mortality (Table 7). Counterintuitively, a
longer time from injury to MOI admission was
associated with a 34% decreased odds of mortality
(OR 0.66, 95% CI 0.48-0.85, P = .006). Said in
other words, a faster time from injury to MOI
admission was associated with increased odds of
death. Additionally, having a complete injury
(ASIA A) was associated with over 11 times the
odds of mortality compared to incomplete or intact
patient status (ASIA B-E) (OR 11.75, 95% CI 3.29—

Figure 2A-E. (A) Patient with C5 burst fracture. (B) Incision over right anterior iliac crest in preparation for (C) tricortical iliac crest autograft. (D, E) postoperative x-

rays.

Downloaded from https://www.ijssurgery.com/ by guest on May 17, 2025

International Journal of Spine Surgery, Vol. 00, No. 00 0


https://www.ijssurgery.com/

Cervical Spine Trauma in East Africa

Table 3. Predictors of operative treatment. Multivariate logistic regression controlled for age, sex, and mechanism of injury.

Univariate Logistic Regression

Multivariate Logistic Regression

Variable OR (95% CI) P OR (95% CI) P
Age 966
Young, <30 (n = 36) reference
Old, >30 (n = 65) 0.98 (0.39-2.59)
Sex .881
Female (n = 13) reference
Male (n = 88) 1.11 (0.31-5.28)
Injury level 011
Occiput—C3 (n = 28) reference .046 6.36 (1.71-32.28)
C4C7(n=171) 3.74 (1.15-16.87)
Insurance 466
Private (n = 12) reference
Public (n = 89) 0.62 (0.18-2.50)
Neurologic exam
Complete: ASIA A (ref) versus B-E; (n = 52) 0.54 (0.21-1.34) 188
Incomplete: ASIA B-D (ref) versus A/E; (n = 39) 2.60 (1.04-6.67) .043 3.64 (1.19-12.55) .029
Intact: ASIA E (ref) versus A-D; (n = 10) 0.31 (0.02—-1.78) 279

54.72, P < .001). Though a trend for nonoperative
treatment associated with increased odds of mor-

tality was seen, statistical significance was not
achieved (OR 36.7, 95% CI 0.87-20.35, P = .097).

DISCUSSION

Suffering a traumatic CST is a life-changing event
in any part of the world, yet the ramifications are
felt especially hard in LMICs. The current study
described patterns of presentation, operative treat-
ment, neurologic improvement, and mortality after
CST from a large East Africa referral center.
Though 96 patients (95.0%) of patients had an
indication for surgery, only 25 patients (24.7%)
underwent surgical treatment at a median of 16 days

postadmission. PCLF with lateral mass screws and
rods and anterior cervical corpectomy with tricort-
ical iliac crest autograft and plate were the most
common operations performed. Those with C4-C7
injuries and incomplete SCI were most likely to
undergo surgery. Neurologic improvement rates
were low at 15.8%, and mortality occurred in
25.7% of patients. Those with complete SCI were
associated with significantly increased odds of
death. Surprisingly, a longer time from injury to
admission conferred a decreased risk of death.
Overall, these results reinforce the uniqueness of
CST care in less-resourced settings and emphasize
the importance of an individualized approach to
spine trauma care in LMICs.

Rates of Operative Treatment by Cervical Level
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Figure 3. Rates of operative treatment by cervical level and neurologic exam.
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Mortality Rates Based On Neurologic Exam
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Neurologic Exam
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Figure 4. Mortality rates based on neurologic exam and treatment.

Current Patterns of Operative Treatment

The most common fracture pattern was bilateral
facet dislocation, followed by unilateral facet
dislocation and burst fracture, which fits exactly
with the 3 most common injuries in a study of CST
patients from South Africa.’® We also reported a
24.8% operative rate, which is slightly less than a
previous published rate of 38.4% in 125 CST
patients from Ghana.”> While nearly all patients
(95%) had an indication for surgery, unfortunately,
our low operative rate is common in LMICs, where
many patients don’t undergo surgery due to
insufficient funds or lack of equipment, including
spinal implants, operating beds, and surgical tools.
PCLF was the most common approach in our
study, followed by anterior cervical corpectomy
with tricortical iliac crest autograft. In Cambodia,
Choi et al* operated on 20 cervical trauma patients
and performed anterior cervical discectomy and
fusion most commonly, followed by posterior fusion
with wiring, yet only a single corpectomy was

Table 4. Changes in ASIA score from admission to discharge, N = 76.

ASIA on
Admission n (%)
30 (39) 11 (15 11(15) 11 (15 13 (17) 76 (100)
E 0 0 0 10 10 (13)
D 0 0 0 8 2 10 (13)
C 0 1 7 3 1 12 (16)
B 2 8 3 0 0 13 (17)
A 28 2 1 0 0 31 (40)
A B C D E Total

ASIA on Discharge

required. Our high rate of corpectomies may be
attributed to burst fractures being the third most
common fracture pattern seen, where the entire
vertebral body must be removed to adequately
decompress the spinal canal. Tricortical iliac crest
autograft was used in all cases, an affordable and
convenient source of bone graft.** In addition,
lower-cervical injuries were more commonly oper-
ated on than higher-cervical injuries, a trend found
in earlier studies.’® Explanations for this finding are
likely multifactorial and may be due to high cervical
injuries leading to quadriplegia and a poor progno-
sis. Another reason is that craniocervical injuries
require more complex operations to stabilize and
treat. Instrumentation of the occiput, C1, and C2
are higher risk, and surgeons may lack either the
experience or necessary equipment to safely perform
these operations. Lastly, incomplete injuries were
taken to surgery more often than complete injuries,
a testament to a resource limited setting, which
likely represents allotment of resources to those
most likely to improve.

Neurologic Improvement

The neurologic improvement rate was low at
15.8%, likely due to long delays from admission to

Table 5. Categorization of ASIA score changes in those who survived.

Worsened Stable Improved
Operative (n = 22), n (%) 1 (4.5) 18 (81.8) 3 (13.6)
Nonoperative (n = 54), n (%) 3 (5.6) 42 (77.7) 9 (16.7)
Total (n = 76), n (%) 4(5.3) 60 (78.9) 12 (15.8)
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Table 6. Predictors of neurologic improvement among all patients and among operative patients. Multivariate logistic regression controlled for age, sex, admission

neurologic exam, and level of injury.

Univariate Logistic Regression

Multivariate Logistic Regression

Variable OR (95% CI) P OR (95% CI) P
Among all patients, N = 76
Age 483
Old, >30 (n = 51) reference
Young, <30 (n = 25) 0.64 (0.18, 2.38)
Sex .595
Female (n = 10) reference
Male (n = 66) 1.80 (0.29, 34.91)
Injury level .603
Occiput-C3 (n = 22) reference
C4-C7 (n =52 0.70 (0.19, 2.94)
Insurance .14
Private (n = 9) reference
Public (n = 67) 0.31 (0.68, 1.67)
Time from injury to admission
Continuous (days) 1.00 (0.94, 1.03) 954
Operative 7143
Nonoperative (n = 54) reference
Operative (n = 22) 0.79 (0.16, 2.99)
Admission neurologic exam 234
Complete (ASIA A) (n = 31) 0.43 (0.09, 1.59)
Incomplete (ASIA B-D) (n = 35) 4.38 (1.18, 21.20) .038 4.14 (1.01, 21.64) .061
Operative patients, N = 22
Age 907
Young, <30 (n = 8) reference
Old, >30 (n = 14) 1.17 (0.09, 27.83)
Sex 313
Female (n = 3) reference
Male (n = 19) 0.24 (0.01, 6.37)
Injury level 313
Occiput-C3 (n = 3) reference
C4-C7 (n=19) 0.24 (0.01, 6.37)
Time from admission to operating room, continuous (days) 1.08 (1.01, 1.21) .061 1.10 (0.98, 1.30) .169

surgery. An earlier CST series from India®* reported
a mean neurologic recovery by 1.1 ASIA grades, and
their high rate of neurologic improvement may be
due to a mean operative day of 7 days postadmis-
sion, compared to our median of 16 days post-

admission. In high-income countries, where hospital
resources and adequate ICU care are ubiquitous, it is
well established that faster time to decompression is
associated with improved neurologic outcomes.*>>’
However, in an LMIC setting, it appears that faster

Table 7. Predictors of mortality among all patients (N = 101). Multivariate logistic regression controlled for age, sex, and mechanism of injury.

Univariate Logistic Regression

Multivariate Logistic Regression

Variable OR (95% CI) P OR (95% CI) P
Age 412
Young, <30 (n = 36) reference
Old, >30 (n = 65) 0.68 (0.27, 1.73)
Sex 814
Female (n = 13) reference
Male (n = 88) 1.18 (0.33, 5.60)
Injury level .858
Occiput—C3 (n = 28) reference
C4C7(n=171) 1.10 (0.41, 3.15)
Insurance 95
Public (n = 89) reference
Private (n = 12) 1.05 (0.28, 5.01)
Time from injury to admission, continuous (days) 0.75 (0.57, 0.91) .013 0.66 (0.48, 0.85) .006
Admission neurologic exam <.001 11.75 (3.29, 54.72) <.001
ASIA B-E (n = 49) reference
ASIA A (n = 52) 8.25 (2.82, 30.37)
Nonoperative .081 3.67 (0.87, 20.35) .097

Operative (n = 25)
Nonoperative (n = 76)

reference
3.18 (0.98, 14.38)
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time to surgery may not offer any benefit without
adequate perioperative and ICU services. CST
patients require complex postoperative ICU care,
including hourly airway and blood pressure moni-
toring, inotropes to keep the spinal cord perfused,
and experienced nursing care. The importance of
adequate ICU care cannot be overstated.

Mortality

Mortality rates after CST range from 27.2% in
northeast Tanzania® to 30% in rural India,*® which
are similar to our rate of 25.7%. Additionally, one
Nigerian series reported 72% of all spine trauma
deaths occurred from cervical injuries.” We found
that having a complete SCI was associated with over
an 11-fold increase in odds of death compared to
incomplete SCI. In addition, nonoperative treat-
ment was not associated with an increased risk of
mortality, which conflicts with prior literature that
nonoperative treatment after any spine trauma was
associated with a 7.4-fold increase in odds of
death.®® This finding may speak to the smaller
sample studied, the severity of CST patients, or the
higher risk of cervical spine operations.

Perhaps the most counterintuitive finding in our
study was that a longer time from injury to
admission was associated with decreased odds of
mortality, which conflicts with the aforementioned
notion that earlier treatment leads to better out-
comes. Previous reports of LMIC spine trauma
patients have noted a median time from injury to
hospital admission of 48 hours.?! Thus, it is possible
that in the critical 24-48 hours after CST, the more
severely injured patients not yet at the hospital may
quickly lose vital respiratory or autonomic function
and die. Thus, those that survive the early time
period may represent a self-selecting, stable group of
patients that have passed the critical window of
vulnerability. Of note, one complicating factor is
that almost all patients (96%) were admitted from
some form of an outside healthcare facility, and no
information can be gleaned as to the type of care
provided in this triage setting.

Equally important aspects of treating CST pa-
tients are ICU care and rehabilitation services. Many
LMICs lack critical care beds and appropriately
trained personnel to manage complex CST patients
before and after surgery. It is possible that improve-
ments in critical care provisions may result in
reduced mortality but may increase the survival of
those with greater neurological disability. It is

therefore important to consider the development of
postdischarge care and rehabilitation services, such
as locally produced wheelchairs and bladder training
for newly incontinent patients. Overall, these data
reinforce an important conclusion, that CST treat-
ment may need to be adjusted to the resources of a
given hospital setting. While earlier treatment may
lead to improved neurologic outcomes in well-
resourced settings with adequate ICU expertise, up-
to-date equipment, and experienced nursing care, the
same benefit from earlier surgery may not occur in a
hospital without an ICU, reliable access to inotropes,
or experienced intensivists and ICU nurses.

Limitations

There are several limitations to the current study.
Follow-up information was not collected, so it is
unknown how nonoperative treatment impacted
long-term neurologic status and radiographic heal-
ing. Also, the results may be difficult to generalize to
other neurosurgery and orthopedic departments in
LMICs, because each institution has a unique set of
available resources that dictate operative decision-
making. Mortality was not accounted for postdi-
scharge, which may lead to underreporting of true
mortality rates. Finally, despite use of a prospective
registry, the data were analyzed retrospectively.
Determination of surgical indication is a complex
process, and doing this retrospectively may have led
to misclassifications. Of note, due to new data
collection instruments, significant data were missing
for systolic blood pressure low and days in ICU.

CONCLUSIONS

In a large series of exclusively CST from a major
East African referral center, 24.8% of patients
underwent surgery. Those most likely to undergo
surgery were patients with lower cervical injuries
and incomplete SCI. The odds of mortality
increased with complete SCI and, counterintuitively,
decreased time from injury to admission. These
results underscore the uniqueness of treating CST
patients in a less-resourced setting, and how a
specialized approach is needed to address cervical
spine trauma in LMICs.
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