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The Application of Guideline-Based Care for Traumatic Brain and Spinal Cord Injury in

Low- and Middle-Income Countries: A Provider-Based Survey
Jacob R. Lepard1, Saniya Mediratta2,3, Andres M. Rubiano4, Kee B. Park5
-OBJECTIVE: Neurosurgical guidelines have resulted in
improved clinical outcomes and more optimized care for
many complex neurosurgical pathologies. As momentum in
global neurosurgical efforts has grown, there is little un-
derstanding about the application of these guidelines in
low- and middle-income countries.

-METHODS: A 29-question survey was developed to
assess the application of specific recommendations from
neurosurgical brain and spinal cord injury guidelines.
Surveys were distributed to an international cohort of
neurosurgeons and neurotrauma stakeholders.

-RESULTS: A total of 82 of 222 (36.9%) neurotrauma pro-
viders responded to the survey. The majority of respondents
practiced in low- and middle-income countries settings
(49/82, 59.8%). There was a significantly greater mean
traumatic brain injury volume in low-income countries
(56% � 13.5) and middle-income countries (46.5% � 21.3)
compared with high-income countries (27.9% � 13.2), P <
0.001. Decompressive hemicraniectomy was estimated to
occur in 61.5% (�30.8) of cases of medically refractory
intracranial pressure with the lowest occurrence in the
African region (44% � 37.5). The use of prehospital cervical
immobilization varied significantly by income status, with
36% (�35.6) of cases in low-income countries, 52.4%
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Abbreviations and Acronyms
AMR-US/Can: Region of the Americas (US and Canada)
CT: Computed tomography
HIC: High-income country
ICP: Intracranial pressure
LIC: Low-income country
LMICs: Low- and middle-income countries
MAP: Mean arterial pressure
MIC: Middle-income country
TBI: Traumatic brain injury
TSI: Traumatic spinal injury
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(�35.5) of cases in middle-income countries, and 95.2%
(�10) in high-income countries, P < 0.001. Mean arterial
pressure elevation greater than 85 mm Hg to improve spinal
cord perfusion was estimated to occur in 71.7% of cases
overall with lowest occurrence in Eastern Mediterranean
region (55.6% � 24).

-CONCLUSIONS: While some disparities in guideline
implementation are inevitably related to the availability of
clinical resources, other differences could be more quickly
improved with accessibility of current evidence-based
guidelines and development of local data.
INTRODUCTION
n recent decades, the neurosurgical community has devoted
considerable time and effort to the creation of high-quality,
I evidence-based clinical practice guidelines.1 The

implementation of these guidelines has resulted in improved
clinical outcomes2,3 and a greater degree of optimized care for
many complex neurosurgical pathologies.3-6 Simultaneously,
there has been a growing movement to address the substantial
global burden of untreated neurosurgical disease via international
neurosurgical education. Along with these efforts has come a
WHO: World Health Organization
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greater understanding of the significant worldwide incidence of
neurosurgical disease.7-9 This growing literature thoroughly
demonstrates that neurological trauma represents a leading
cause of morbidity and mortality worldwide. There are approxi-
mately 13.8 million neurosurgical conditions requiring surgery
each year and 6.1 million estimated to be related to traumatic
brain injury (TBI) with another 400,000 estimated to be related to
traumatic spinal injury (TSI).10 Notably, the majority of these
injuries occur in low- and middle-income countries (LMICs),
where neurosurgical expertise is often less accessible.11

As we gain a greater understanding of the burden of traumatic
brain and spinal injury in LMICs, the question is begged as to
whether neurosurgical guidelines have been successfully dissem-
inated and implemented in these regions. Moreover, some authors
have questioned the relevance of these clinical practice guidelines,
which are largely generated from studies based in high-income
countries (HICs), for use in limited resource settings in which
availability of imaging and critical care equipment is more sparse
and thus must be triaged differently.12 As a result, it is possible
that factors such as resource availability, surgical training,
language barrier, and access to scientific literature result in a
fundamental disconnect between these evidence based
recommendations and their real-world application in LMICs
where the majority of trauma occurs. In beginning to address
some of these questions we performed a global survey of neuro-
surgical providers to obtain their perspective on the frequency
with which several guideline-based recommendations are
currently employed for traumatic brain and spinal injury.

METHODS

Survey Design
This study was approved by the Harvard Medical School institu-
tional review board (IRB18-1544). Using the EQUATOR
(Enhancing the QUAlity and Transparency Of health Research)
checklist,13 we developed a 29-question survey to assess the quality
and availability of local health care infrastructure for the man-
agement of traumatic brain and cervical spine injury. Survey var-
iables were designed to collect data on participant demographics,
geographic location, and local trauma workload. Additionally,
focused questions were constructed based upon specific recom-
mendations from the Guidelines for the Management of Severe
Traumatic Brain Injury, fourth edition5 and the Guidelines for the
Management of Acute Cervical Spine and Spinal Cord Injury,
second edition.6 A nonexhaustive list of 6 specific
recommendations from both guideline documents were chosen
to concisely cover a variety of guideline topics and broadly
assess frequency and availability of evidence-based perioperative
and surgical management of traumatic brain and cervical spine
injury (Table 1). Survey respondents were asked to estimate the
proportion of traumatic brain and spine injury cases in which
the guideline parameters were followed. The full details of the
survey have been published previously.14

Identification of Participants
The perspective of neurotrauma providers was sought to obtain
first-hand perceptions on the quality and availability of local
neurotrauma care.15 Efforts were made to include respondents
2 www.SCIENCEDIRECT.com WORLD NEUR
who were content experts in global neurosurgical development
and TBI and who were representative of all World Health
Organization (WHO) geographic regions. To achieve this, a
participant list was initiated by including all registered attendees
of the 2019 International Conference on Recent Advances in
Neurotraumatology (ICRAN) meeting.16 In addition, all
members registered with the open access Global Neurosurgery
forum were included.17 Lastly, neurosurgeons from any WHO
region that was disproportionately under-represented by this
aggregate list were sought out by searching the American Asso-
ciation of Neurological Surgeons membership directory by country
until equal representation was achieved from all WHO regions. In
total, 222 participants received email invitations to participate in
the study. The survey was administered electronically via
Google Forms (Google; Mountain View, California, USA) on
January 5, 2019. The survey was administered in English.
Responses were collected from January 1 to January 31, 2019. A
modified Dillman technique18 with weekly reminder emails were
sent out during this period to all invited participants who had
not yet responded to the survey. Following this, data extraction
was performed for statistical analysis.

Data Analysis
Descriptive statistics were used to summarize all demographic
variables. Analysis of variance was used to determine statistically
significant differences between means for categorical predictors—
WHO region and World Bank Income classification. In cases in
which significantly different means were identified pairwise t test
with Bonferroni correction was used to further delineate statisti-
cally significant relationships. All statistical testing was 2-sided
and P values less than 0.05 were considered significant. The sta-
tistical analysis was conducted using R statistical software, version
3.5.1 (R Foundation for Statistical Computing, Vienna, Austria).
Heat matrices were constructed using Tableau Public (Version
2019.3.0) software (Tableau, Seattle, Washington, USA).

RESULTS

Demographics
A total of 222 neurotrauma care providers were invited to partic-
ipate in the survey. Of these, 82 responded with a total response
rate of 36.9%. Most respondents identified themselves as faculty
neurosurgeons (62/82, 75.6%) with the remainder identifying as
neurosurgical trainees (14/82, 17.1%) or non-neurosurgical physi-
cians (6/82, 7.3%), which included critical care physicians and
general surgeons. There was a total of 47 countries represented
among the respondents, with equal representation from all WHO
geographic regions. Additionally, all World Bank Income strata
were represented with the majority of respondents residing and
practicing in low- and middle-income country settings (49/82,
59.8%) (Table 2).

Severe TBI
The mean reported proportion of total operative volume due to
TBI was 40.7% (�20.2) overall. There was a significantly greater
mean TBI volume in low-income countries (LICs) (56% � 13.5)
and middle-income countries (MICs) (46.5% � 21.3) compared
with HICs (27.9% � 13.2), P < 0.001. Additionally, there was a
OSURGERY: X, https://doi.org/10.1016/j.wnsx.2022.100121
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Table 1. Summary Table of Guideline Level Recommendations Included in the Global Neurotrauma Survey with Accompanying Levels of
Evidence

Guideline Category
Level of
Evidence Recommendation

Guidelines for the Management of
Severe Traumatic Brain Injury, 4th
edition

Seizure prophylaxis Level IIA Phenytoin is recommended to decrease the incidence of early post-traumatic seizure (within 7 days of injury)
when the overall benefit is thought to outweigh the complications associated with such treatment.

CSF drainage Level III Use of CSF drainage to lower ICP in patients with an initial GCS <6 during the first 12 hours after injury may
be considered.

Hyperosmolar therapy Not supported* Mannitol is effective for control of raised ICP at doses of 0.25 g/kg to 1 g/kg body weight. Arterial
hypotension (systolic blood pressure <90 mm Hg) should be avoided.

Steroids Level I The use of steroids is not recommended for improving outcome or reducing ICP. In patients with severe TBI,
high-dose methylprednisolone was associated with increased mortality and is contraindicated.

Anesthetics, analgesics, sedatives Level IIB High dose barbiturate administration is recommended to control elevated ICP refractory to maximum standard
medical and surgical treatment.

Decompressive craniectomy Level IIA A large frontotemporoparietal decompressive craniectomy is recommended for reduced mortality and
improved neurologic outcomes in patients with severe TBI.

Guidelines for the Management of
Acute Cervical Spine and Spinal Cord
Injuries, 2nd edition

Immobilization Level II Spinal immobilization of all trauma patients with a cervical spine or spinal cord injury or with a mechanism of
injury having the potential to cause cervical spine injury is recommended.

Radiographic assessment Level I In the awake, symptomatic patient, high-quality CT imaging of the cervical spine is recommended.

Radiographic assessment Level I If high-quality CT imaging is not available, a 3-view cervical spine series (AP, lateral, and odontoid) is
recommended.

Pharmacology management Level I Administration of methylprednisolone for treatment of acute spinal cord injury is not recommended.

Cardiopulmonary management Level III Maintain mean arterial BP 85 to 90 mm Hg after spinal cord injury is recommended.

Cervical spine fracturesy Level II and III Surgical fixation versus medical management is recommended based on specific fracture type and
ligamentous integrity

CSF, cerebrospinal fluid; ICP, intracranial pressure; GCS, Glasgow Coma Scale; TBI, traumatic brain injury; CT, computed tomography; AP, anteroposterior; BP, blood pressure.
*In the 4th edition of the guidelines for severe traumatic brain injury, the evidence supporting the prior recommendations regarding mannitol for hyperosmolar therapy, previously categorized as

Level III, were found to not meet current standards for Level III evidence. As such the previous recommendations were continued into the 4th edition with the notation that they were not
supported by adequate evidence based on updated criteria.

yThe Guidelines for Acute Cervical Spine and Spinal Cord Injury provide detailed surgical and non-surgical recommendations for a variety of specific cervical spine fracture types. Application of
these recommendations were broadly summarized in our survey by asking how often mechanically unstable cervical spine fractures underwent surgical fixation.
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greater mean reported TBI volume in Africa (52% � 14), Latin
America (48.3% � 19.9), the Eastern Mediterranean region (51.1%
� 22.6), and Southeast Asia (49.1% � 18.7) relative to the United
States and Canada (23.3% � 11.5), P < 0.05. The mean estimated
TBI volumes in Europe and the Western Pacific regions were 31.3%
(�17.8) and 38.3% (�19.9), respectively, and were not significantly
different from the United States and Canada (AMR-US/Can).
On average, 69% (�33.3) of patients are estimated to receive

prophylactic antiepileptic medications for 7 days after TBI with no
significant differences by world region or income status.
Intracranial pressure (ICP) monitoring is estimated to occur in
45.6% (�40.6) of cases, with significantly lower usage
in LICs (16% � 28.5) and MICs (25.3% � 33.1) relative to HICs
(80% � 25). Notably, Africa is the region with the lowest use of
WORLD NEUROSURGERY: X 15: 100121, JULY 2022
ICP monitoring (6% � 9.7) and was significantly lower than AMR-
US/Can (86.7% � 13), P < 0.001. Mannitol is used to treat elevated
ICP in 75.4% (�30) of cases worldwide without significant varia-
tion by region or income.
High-dose corticosteroid usage for elevated ICP is not recom-

mended, based on Level 1 evidence, and is estimated to occur in
just 16.1% (�28.9) of cases with the lowest usage being in Af-
rica (2% � 6.3) and the greatest usage being in Latin America
(26.7% � 37.5). Administration of barbiturates for refractory ICPs
occurred in 31% (�32.4) of cases overall. The lowest use was in
Africa, with 8% (�10.3), and the greatest use was in Europe, with
53.8% (�32.4). Decompressive hemicraniectomy was estimated to
occur in 61.5% (�30.8) of cases of medically refractory ICP with
the lowest occurrence in Africa 44% (�37.5) and the highest in the
www.journals.elsevier.com/world-neurosurgery-x 3
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Table 2. Demographics of Survey Respondents and Nonrespondents in Terms of WHO Region, World Bank Income Classification and
Profession

Respondents, n (%) Nonrespondents, n (%) Total, n (%) P Value*

WHO region

AMR-US/Can 12 (14.6) 13 (9.3) 25 (100) NS

AMR-L 12 (14.6) 18 (12.9) 30 (100) NS

EUR 16 (19.5) 44 (31.4) 60 (100) NS

EMR 9 (11) 23 (16.4) 32 (100) NS

AFR 10 (12.2) 16 (11.4) 26 (100) NS

SEAR 11 (13.4) 11 (7.9) 22 (100) NS

WPR 12 (14.6) 15 (10.7) 27 (100) NS

World Bank Income Classification

HIC 33 (40.2) 58 (41.4) 91 (100) NS

MIC 34 (41.4) 67 (47.9) 101 (100) NS

LIC 15 (18.3) 17 (12.1) 32 (100) NS

Profession

Faculty (Neurosurgery) 75.6 (62)

Trainee (Neurosurgery) 17.1 (14)

Other 7.3 (6)

Professional details not available for nonrespondents.
WHO, World Health Organization; AMR-US/Can, region of the Americas (US and Canada); NS, not significant; AMR-L, region of the Americas (Latin America); European region; EMR, Eastern

Mediterranean region; AFR, African region; EUR, SEAR, Southeast Asia region; WPR, Western Pacific region; HIC, high-income country; MIC, middle-income country; LIC, low-income country.
*P values derived from Fisher Exact test comparing proportion of respondent vs non-respondent by region and income level. A P value less than 0.05 was considered significant.
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Western Pacific region (75% � 24.3). There was no statistically
significant variation by region or income for high dose cortico-
steroid usage, administration of barbiturates, or decompressive
hemicraniectomy for refractory ICPs (Figure 1 and Table 3).

Acute Cervical Spine and Spinal Cord Injury
The overall mean estimated proportion of annual operations due
to TSI was 23.2% (�17.3). There was a greater reported volume in
LICs (28% � 12.6) and MICs (24.1% � 19.6) relative to HICs (20%
� 16.6), although these differences were not statistically signifi-
cant, P ¼ 0.31. Latin America was the region with the greatest
annual TSI volume (41.7% � 23.3) and was significantly greater
than the US and Canada (15% � 9), P < 0.01. Western Pacific
region was the region with the lowest annual volume, (11.7% �
10.3) and was significantly lower than the United States and
Canada, P < 0.001. The reported volumes for Africa (24% � 12.6),
Eastern Mediterranean region (22.2% � 12), Europe (22.5% �
19.9), and Southeast Asia (25.5 � 12.9) were not significantly
different from each other or the United States and Canada.
The use of prehospital cervical immobilization varied

significantly by income status, with 36% (�35.6) of cases in
LICs, 52.4% (�35.5) of cases in MICs, and 95.2% (�10) in HICs, P
< 0.001. Additionally, there was significantly lower cervical
immobilization in Africa (32% � 36.8), the Eastern Mediterranean
region (40% � 24.5), and Southeast Asia region (27.3% � 27.2)
compared with AMR-US/Can (96.7% � 7.8), P < 0.001. The
4 www.SCIENCEDIRECT.com WORLD NEUR
availability of computed tomography (CT) for evaluation of cervical
spine injuries was dependent upon income classification with use
in 98.2% (�7.7) of HIC cases, 68.2% (�32.7) of MIC cases, and
57.3% (�36.1) of LIC cases, P < 0.001. Africa had a significantly
lower availability of CT (46% � 32.7) relative to AMR-US/Can
(98.3% � 5.8). In the absence of the availability of CT imaging,
a 3-view cervical spine film is recommended for evaluation of
cervical injuries in symptomatic patients based on Level 1 evi-
dence. This is estimated to occur in 66.6% (�36.3) of cases
without significant variation by region or income.
Additionally, Level 1 evidence indicates that high-dose cortico-

steroids should not be given for acute cervical spinal cord in-
juries.19 This is estimated to occur in 36.1% (�33.3) of cases
overall with the lowest usage in Africa (16% � 20.7) and the
highest in Eastern Mediterranean region (48.9% � 31.8). There
was no significant variation by income or region for high-dose
corticosteroid usage. Mean arterial pressure (MAP) elevation
greater than 85 mm Hg to improve spinal cord perfusion was
estimated to occur in 71.7% of cases overall with lowest
occurrence in Eastern Mediterranean region (55.6% � 24) and
highest in both AMR-US/Can (78.3% � 18) and Western Pacific
region (78.3% � 23.3). There was no significant variation in MAP
management by region or income status. Lastly, although there
was no significant variation by region, the availability of surgical
fixation for mechanically unstable cervical spine fractures was
significantly dependent upon income status with treatment
OSURGERY: X, https://doi.org/10.1016/j.wnsx.2022.100121
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Figure 1. Heat map summarizing survey responses for implementation of
selected recommendations from The Guidelines for Severe Traumatic
Brain Injury, 4th edition, separated by world region and income status.
Size of circle indicates the estimated percentage of cases in which the
recommendation is implemented. Color density indicates average
operative volume attributable to traumatic brain injury for that region or

income level. WHO, World Health Organization; AFR, African region;
AMR-L, region of the Americas (Latin America); AMR-US/Can, region of
the Americas (US and Canada); EMR, Eastern Mediterranean region;
EUR, European region; SEAR, Southeast Asia region; WPR, Western
Pacific region; HIC, high-income country; MIC, middle-income country;
LIC, low-income country.
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occurring in 54.7% (�26.7) of LIC cases, P < 0.01, 68.2% (�30.4)
of MIC cases, P < 0.05, and 86.7% (�24.8) of HIC cases (Figure 2
and Table 4).
DISCUSSION

Estimated Burden of Traumatic Brain and Spinal Injury
The findings of our survey indicate that traumatic brain and spinal
injury represent approximately 41% and 23%, respectively, of
annual neurosurgical operative volumes worldwide, with greater
proportions being reported from neurosurgical providers in
LMICs. In a recent meta-analysis, Dewan et al.9 estimated that
approximately 69 million individuals suffer from TBI each year,
with Southeast Asia being a region of greatest incidence.
Similarly, in a different survey of neurosurgical providers, 51%
of respondents reported TBI as one of the most commonly seen
neurosurgical conditions worldwide.20 Our data corroborate
these findings regarding the importance of TBI as a global cause
of morbidity and mortality, particularly in resource-limited
settings.
Evaluating the dissemination and implementation of neuro-

surgical practice guidelines is a complex topic of research with
multiple potential confounders and difficulty in establishing
direct causality. Previous studies have attempted to evaluate
WORLD NEUROSURGERY: X 15: 100121, JULY 2022
neurosurgical guideline impact directly via patient outcomes2,21

and indirectly via bibliometric analyses.22 While evaluating the
success of neurosurgical guideline implementation remains a
growing area of academic interest, the existing literature
focuses primarily on HIC settings, thus creating an
opportunity to begin asking similar questions in LMICs where
the majority of traumatic brain and spine injuries have been
shown to occur.
Improving Guideline-Based Care
Our findings indicate that there is already relatively good
compliance with many TBI and TSI guideline recommendations,
including use of prophylactic antiepileptic drugs, mannitol for
refractory ICPs, and MAP management for acute cervical spinal
cord injury. However, there were also several recommendations in
which guideline adherence was significantly limited based upon
region and income status. For instance, prehospital cervical
immobilization was significantly rarer in LMICs. Similarly, avail-
ability of high-quality CT imaging was directly impacted by in-
come status. A potential commonality among these
recommendations is that they are resource- and equipment-
dependent. In the case of cervical immobilization, collars are a
depletable resource that can be prohibitively expensive, and in the
case of imaging, CT and magnetic resonance imaging scanners
www.journals.elsevier.com/world-neurosurgery-x 5
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Table 3. Average Estimated Proportion of Cases Attributable to Traumatic Brain Injury by Global Region and Income Classification

Average
Estimated

TBI
Volume

Prophylactic
Antiepileptic
Medication for
First 7 Days

Intracranial
Pressure Monitoring
for GCS <6 After
Resuscitation

Use of
Mannitol for
Treatment of
Elevated ICP

High-Dose
Corticosteroid

Administration for
Elevated ICPs

Administration of
Barbiturates to Induce Burst
Suppression for Refractory

Elevated IICs

Decompressive
Craniectomy for
Treatment of

Refractory Elevated
ICP

Level IIA Level III Not Supported Level I Level IIB Level IIA

WHO region

AFR 52 (14)* 70 (39.2) 6 (9.7)y 76 (24.6) 2 (6.3) 8 (10.3) 44 (37.5)

AMR-L 48.3 (19.9)z 81.7 (28.9) 46.7 (42.1) 81.7 (26.2) 26.7 (37.5) 28.3 (31.3) 66.7 (34.5)

AMR-US/
Can

23.3 (11.5) 86.7 (13) 76.7 (22.3) 75 (35.3) 3.3 (7.7) 23.3 (23.9) 56.7 (28.1)

EMR 51.1 (22.6)z 62.2 (23.3) 15.6 (26)* 73.3 (22.4) 17.8 (27.3) 37.8 (40.6) 57.8 (25.4)

EUR 31.3 (17.8) 52.5 (41.2) 76.3 (34.4) 61.3 (38.3) 23.8 (32.8) 53.8 (32.4) 63.8 (28.5)

SEAR 49.1 (18.7)z 69.1 (30.2) 27.3 (36.1)z 76.4 (29.4) 16.4 (25) 20 (25.3) 61.8 (35.2)

WPR 38.3 (19.9) 65 (37.3) 45 (40.1) 88.3 (23.3) 18.3 (38.6) 35 (37.3) 75 (24.3)

Income status

HIC 27.9 (13.2) 71.5 (34.3) 80 (25) 76.4 (32.6) 15.2 (29.6) 37 (34.3) 61.2 (28.7)

MIC 46.5 (21.3)y 60.6 (35) 25.3 (33.1)y 72.9 (29.1) 19.4 (29.3) 28.8 (31.2) 67.1 (29.5)

LIC 56 (13.5)y 82.7 (21.2) 16 (28.5)y 78.7 (27.7) 10.7 (27.1) 22.7 (30.1) 49.3 (36.1)

Total 40.7 (20.2) 69 (33.3) 45.6 (40.6) 75.4 (30) 16.1 (28.9) 31 (32.4) 61.5 (30.8)

Listing of studied TBI Guideline recommendations along with estimated proportion of clinically appropriate scenarios in which the recommendation is followed.
TBI, traumatic brain injury; GCS, Glasgow Coma Scale; ICP, intracranial pressure; WHO, World Health Organization; AFR, African region; AMR-L, region of the Americas (Latin America); AMR-

US/Can, region of the Americas (US and Canada); EMR, Eastern Mediterranean region; EUR, European region; SEAR, Southeast Asia region; WPR, Western Pacific region; HIC, high-income
country; MIC, middle-income country; LIC, lower-income country.

*P < 0.01.
yP < 0.001.
zP < 0.05.
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along with the energy infrastructure and technological expertise
required to support these investigations are often beyond all but
the larger tertiary-care facilities in LMICs.23 It is worth noting that,
despite these financial gaps, the use of 3-view plain film for cer-
vical injury was similar across all regions and income levels,
demonstrating flexibility in the guideline recommendations when
all ideal technologies are not available.
Interestingly, there was a wide degree of variation regarding us-

age of ICP monitoring by region and income status. However, this
remains a topic of heavy debate within the literature24-26 and in the
guidelines is categorized as “may be considered” based upon Level
III evidence.5 Additionally, the perioperative management of these
devices requires a high degree of nursing expertise and bedside
sterility, the absence of which may push the risks beyond the
benefits in many LMIC hospitals. Similarly, the availability of
surgical fixation for mechanically unstable cervical spine fractures
was also significantly lower in low- and middle-income settings.
Whilemany surgical tools and resources can be sterilized and reused
6 www.SCIENCEDIRECT.com WORLD NEUR
and are thus sustainable, spinal implants are yet another exhaustible
resource which may represent a significant limiting factor in
providing guideline-based care.
While some aspects of clinical care are equipment dependent,

others are primarily information dependent. It is notable that
administration of high-dose corticosteroids for acute cervical
spine injury is still estimated to occur in more than one-third of
cases worldwide and in nearly one-half of all cases in the Eastern
Mediterranean region, despite recommendations against this
based upon Level I evidence. Hurlbert and Moulton27

demonstrated the simple power of information availability
when they found a complete practice reversal regarding the
administration of methylprednisolone for acute cervical spinal
cord injury before and after28 guideline publication. The
fact that reported methylprednisolone usage remains so high
globally and in particular regions indicates potentially
important gaps in dissemination of guideline information
to LMICs.
OSURGERY: X, https://doi.org/10.1016/j.wnsx.2022.100121
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Figure 2. Heat map summarizing survey responses for implementation of
selected recommendations from The Guidelines for the Management of
Acute Cervical Spine and Spinal Cord Injury, 2nd edition, separated by
world region and income status. Size of circle indicates the estimated
percentage of cases in which the recommendation is implemented. Color
density indicates average operative volume attributable to traumatic brain

injury for that region or income level. WHO, World Health Organization;
AFR, African region; AMR-L, region of the Americas (Latin America);
AMR-US/Can, region of the Americas (US and Canada); EMR, Eastern
Mediterranean region; EUR, European region; SEAR, Southeast Asia
region; WPR, Western Pacific region; HIC, high-income country; MIC,
middle-income country; LIC, low-income country.
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Mechanisms for this lack of information availability could
include language barriers and low access to proprietary medical
literature. In one survey of Southeast Asian neurosurgical trainees,
only 13% reported having neurosurgical resources in their primary
language, and just 53% had access to online journals via their
training program.29 While addressing workforce and equipment
deficiencies in global neurosurgical care represents a significant
logistical and financial dilemma, improving access to
information could be a cost-effective and relatively expedient op-
portunity to immediately improve the availability of evidence-
based neurosurgical care worldwide. In recent decades, the
organized neurosurgical community has generated many high-
quality guideline documents with excellent summary data.1 The
strategic translation of these documents into key languages
along with subsidized open-access of these articles could
dramatically increase their readership among the LMIC neuro-
surgical community.
Finally, it is worth briefly addressing the fact that much of the

data supplying these, and most other, neurosurgical guidelines are
based largely from studies in HICs rather than LMICs. Indeed,
Tropeano et al.30 recently demonstrated that Africa and Southeast
Asia collectively generate approximate 2% of recently published
TBI literature despite being the site of 38% of estimated annual
WORLD NEUROSURGERY: X 15: 100121, JULY 2022
traumatic brain injuries. Because of this fact, questions have
been raised in the literature as to the applicability of
neurosurgical guidelines in LMICs.12,31-33 Toward this point,
Kolias et al.34 raise the argument that data from randomized trials
demonstrating the benefits of decompressive hemicraniectomy are
predicated upon the availability adjunctive therapies such as
critical care and ICP monitoring, which are notably absent in
many LMICs. They propose that the absence of these adjunctive
measures renders the results of these trials to have limited
generalizability outside of HICs. Similarly, there are examples in
which the pathologic mechanisms in LMICs are fundamentally
different than those in HICs.35 For example, lower-velocity mo-
tor bikes are a highly cited cause of TBI in LMICs compared with
the high-velocity deceleration injuries common to motor vehicle
accidents in HICs.36 Similarly, many infectious diseases resulting
in neurologic manifestations are uniquely endemic to many
LMICs and notably absent in HICs.7

In response to these arguments, efforts are being made to
develop international trauma registries and high-quality data
collection based in LMICs that will begin to allow for context-
specific guidelines derived from local research.37-39 In the mean-
time, evidence-based guidelines based on the most up-to-date
science on treatment of TBI and SCI, as well as other
www.journals.elsevier.com/world-neurosurgery-x 7
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Table 4. Average Estimated Proportion of Cases Attributable to Traumatic Spinal Cord Injury by Global Region and Income Classification

Average
Estimated

TSI
Volume

Arrives To Facility
with Cervical Collar

or Neck
Immobilization

Receives CT
Cervical
Spine for
Diagnosis

Receives 3-View Radiograph
(if CT Is Unavailable) -

Anterior, Lateral, Odontoid
Views

Receives High-
Dose

Corticosteroids

Maintenance 0f Mean
Arterial Blood Pressure
Above 85 Mm Hg for the

First 7 Days

Surgical Fixation
of Mechanically

Unstable
Fractures

Level II Level I Level I Level I Level III Levels II and III

WHO region

AFR 24 (12.6) 32 (36.8)* 46 (32.7)* 70 (31.6) 16 (20.7) 70 (34.3) 62 (22)

AMR-
L

41.7 (23.3)y 90 (18.1) 86.7 (19.7) 60 (43.5) 38.3 (37.6) 75 (28.4) 68.3 (35.6)

AMR-
US/
Can

15 (9) 96.7 (7.8) 98.3 (5.8) 66.7 (40.3) 20 (28.3) 78.3 (18) 88.3 23.3)

EMR 22.2 (12) 40 (24.5)* 62.2 (40.6) 60 (37.4) 48.9 (31.8) 55.6 (24) 68.9 (36.2)

EUR 22.5 (19.91) 81.3 (32.2) 91.3 (21.9) 71.3 (337.9) 41.3 (30.5) 70 (38.6) 75 (29.7)

SEAR 25.5 (12.9) 27.3 (27.2)* 69.1 (36.2) 58.2 (31.6) 38.2 (34) 70.9 (27.4) 69.1 (30.2)

WPR 11.7 (10.3)* 78.3 (27.6) 80 (28.3) 76.7 (33.9) 48.3 (39.5) 78.3 (23.3) 76.7 (30.6)

Income status

HIC 20 (16.6) 95.2 (10) 98.2 (7.7) 69.1 (40) 38.2 (35.1) 78.2 (26.6) 86.7 (24.8)

MIC 24.1 (19.6) 52.4 (35.5)* 68.2 (32.7)* 65.9 (32.9) 34.7 (31.6) 65.9 (31.3) 68.2 (30.4)z
LIC 28 (12.6) 36 (35.6)* 57.3 (36.1)* 62.7 (36.9) 34.7 (35) 70.7 (26) 54.7 (26.7)y

Total 23.2 (17.3) 66.6 (36.9) 78.3 (31.1) 66.6 (36.3) 36.1 (33.3) 71.7 (28.8) 73.2 (29.9)

Listing of studied TSI Guideline recommendations along with estimated proportion of clinically appropriate scenarios in which the recommendation is followed.
TSI, traumatic spinal injury; CT, computed tomography; WHO, World Health Organization; AFR, African region; AMR-L, region of the Americas (Latin America); AMR-US/Can, region of the

Americas (US and Canada); EMR, Eastern Mediterranean region; EUR, European region; SEAR, Southeast Asia region; WPR, Western Pacific region; HIC, high-income country; MIC, middle-
income country; LIC, lower-income country.

*P < 0.001.
yP < 0.01.
zP < 0.05.
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neurosurgical pathologies, should be considered the evidentiary
benchmark from which necessary context-specific adaptations
should be made. Important efforts have been made to make these
adaptations in a structured and rigorous way. For example,
Rubiano et al.40 have recently published the BOOTStraP protocol
which uses consensus from regional experts to adapt the best
evidence-based treatment algorithms to the capabilities of low
resource emergency facilities. Such efforts towards “Resource--
Based Guidelines” are an important adjunct to the dissemination
of the already available high-quality neurosurgical evidence-based
guidelines.

Limitations
Our study is limited in that the data inherently lacks objectivity
based upon the survey methodology. Importantly, percentages
likely reflect the population treated at the respondent’s institution
rather than the region as a whole, for instance it is unlikely that
44% of patients with refractory ICPs truly receive decompressive
hemicraniectomy in Africa and thus, in some cases, our values
may represent an overestimation. However, objective data on this
8 www.SCIENCEDIRECT.com WORLD NEUR
topic are currently unavailable and will take considerable time and
resources to gather. Our findings, although limited to estimates,
do make intuitive sense, and corroborate with similar published
reports.20,41,42 These data are a first step at addressing this
important topic of research.
It is also noteworthy that comparison of practice patterns between

HIC and LMIC settings is prone to bias and complicated by a host of
systemic factors that go beyond the perspective of a clinical neuro-
surgeon, such as national level trauma referral systems, prehospital
care, and equipment supply chains. Thus, our survey, which is
limited to the clinical perspective, may lack the strategic viewpoint
of a ministry of health or other high-level administrative position
that has further insight into these contributing factors. Additionally,
our survey questions focused on specific clinical parameters and did
not ask for providers’ perceptions of the availability or utility of
guidelines in limited resource settings. While answering this
question was beyond the scope of our current study, it has been
discussed among centers in HIC settings. For instance, Volovici
et al.43 studied this question by evaluating use and perceptions of
TBI guidelines among 65 European trauma centers. Of those
OSURGERY: X, https://doi.org/10.1016/j.wnsx.2022.100121
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centers that did not implement guideline care, the most commonly
cited reasons were lack of time to consult guidelines, lack of
knowledge or resources to implement recommendations, and
feeling that each clinical scenario is unique and thus not
amenable to universal protocols. Structured qualitative evaluation
of this question in LMICs will be an important next step in
increasing the dissemination of implementation of guideline care
in these settings.

CONCLUSIONS

Our study suggests that significant global regional and economic
disparities exist in the implementation of guideline-based care for
severe traumatic brain and spinal cord injury. While some
WORLD NEUROSURGERY: X 15: 100121, JULY 2022
disparities are inevitably related to the availability of clinical re-
sources, which should be addressed over time, other differences in
adherence could be mitigated more quickly by improved dissem-
ination and accessibility of evidence-based guideline recommen-
dations and structured adaptation of guidelines to local
capabilities.
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