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Abstract

South America is a subcontinent with 393 million inhabitants with widely distinct countries and diverse ethnicities,
cultures, political and societal organizations. The epidemiological transition that accompanied the technological and
demographic evolution is happening in South America and leading to a rise in the incidence of neurodegenera-

tive and cardiovascular diseases that now coexist with the still high burden of infectious diseases. South America is
also quite heterogeneous regarding the existence of systems of care for the various neurological emergencies, with
some countries having well-organized systems for some diseases, while others have no plan of action for the care of
patients with acute neurological symptoms. In this article, we discuss the existing systems of care in different coun-
tries of South America for the treatment of neurological emergencies, mainly stroke, status epilepticus, and traumatic
brain injury. We also will address existing gaps between the current systems and recommendations from the literature
to improve the management of such emergencies, as well as strategies on how to solve these disparities.
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Introduction

South America covers 12% of the world’s land surface
and has ~ 6% of the world population [1]. In high-income
countries, degenerative and cardiovascular diseases have
become the leading causes of death surpassing pandem-
ics of infection [2, 3]. The same transition now takes place
in low- and middle-income countries in South Amer-
ica, where both degenerative and infectious diseases are
endemic [4, 5].

Unfortunately, South America is quite heterogeneous
regarding the existence of systems of care for the various
neurological emergencies (Fig. 1) [6-9]. In this article,
we will discuss the existing systems of care in different
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countries of South America for the treatment of neu-
rological emergencies, mainly stroke, status epilepti-
cus (SE), and traumatic brain injury (TBI). We also will
address these systems adequacy to current guidelines and
propose strategies to improve compliance. The informa-
tion presented here stems from the meeting that took
place at The Galapagos Neurocritical Care Summit in San
Cristobal, Galapagos Islands, Ecuador November, 2016,
sponsored by the Universidad San Francisco de Quito,
Ecuador, and endorsed by the Neurocritical Care Society
(NCS).

Epidemiology
Stroke
Stroke is the first or second cause of death in most South
American countries, with 10% of all strokes affecting
patients <45 years old [10-12].

The reported annual incidence of first-ever stroke var-
ies from 73.6 to 183 per 100,000 per year [10, 13, 14].
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Colombia
Population: 48,747,708
Health System: is made up of a social
security sector and a private sector. The
backbone of the system is the General
Social Security Health System, which has

Venezuela

Population:

30,620,404
Health System:

The National Health System
encompasses the public and private
subsectors, and is characterized by
fragmentation and segmentation.

two plans, contributory and subsidized.

Ecuador Peru i
Population: 14,483,499 Population: 31,151,643 e
Health System: consists of two Health System: \
subsystems: public and private. The is structured according to a
public subsystem includes the Social pluralistic model, with both
Security system and the institutions of public and private service
the MoH: the Ecuadorian Social providers, and is organized by
Security Institute; the Armed Forces; specialized functions.
the National Police; and the health
services of some municipalities. Bolivia
Population: 10,985,059
Health System:
consists of multiple public
and private sector entities

that perform different (
functions such as leadership, \
financing, insurance, /
procurement, and health /
care delivery {

Chile
Population:
17.8 million
Health System:
has a mixed public-private health care system that
includes public insurance through the National Health
Fund (FONASA), insurance provided by private
insurers (known as ISAPREs), and other special
insurance schemes, such as those tailored to the
Armed Forces

Guyana
Population: 747,884
Health System:
Public sector health services
are free in Guyana and the
private sector operates on a

fee-for-service basi

French Guiana
Population: 281,612 Health
System: universal basic
health coverage, robust and
complementary health
insurance systems based on

solidarity

Suriname
Population: 541,638 Health
System: a National Basic
Health Insurance
Law providing access to a
basic package of primary,
| — secondary, and tertiary
care services for all
residents

- Brazil
T Population: 204.4 million

Health System:
/ Brazil’s Unified Health System (SUS) was
created in 1988.
| The legal framework of the UHS allows for
‘ private enterprise to provide health care,
N / either directly (direct payment) or through
health plans and insurance.

LN ] Uruguay
/ s Population:
] \ 3,444,000
) 4 Health System:
nad The SNIS
7 constitutes the
= organizational and
o functional
! structure for a
Pi?raguay: care network
\Argentina Population: 6,755,756 encompassing all

Health System: The
National Health System
is comprised of the
public, private, and
mixed sectors, and is
characterized by a lack of
integration as well as
asymmetrical territorial
coverage

Population: 42,669,000
Health System:
one of the most
fragmented and segmented
in South America. It
includes the public and
private sectors and the
social security sector.

public and
nonprofit private
services The
National Health
Fund (FONASA) is
a central part of
the funding model.

Fig. 1 South American countries with populations and health systems [1, 9]

Prevalence of stroke ranges from 140 to 1600 per 100,000
habitants [15-17].

Ischemic stroke (IS) accounts for 80.4—-87.3% of all
strokes [10, 13, 18]. In South America, Chagas disease
(American trypanosomiasis) is responsible for about
50,000 annual deaths from cardiomyopathy [11, 19] and
is an independent risk factor for all stroke subtypes,
especially in the young [20-23]. Chagas cardiomyopa-
thy results in cardiac dilatation, cardiac wall motion
abnormalities, and, in some patients, formation of api-
cal aneurysm. More than 20% of patients with Chagas
disease who have had a stroke can have recurrent events;
therefore, effective secondary prevention strategies are
of utmost importance. Other infectious diseases such
as malaria, gnathostomiasis, arboviruses hemorrhagic
fevers, and neurocysticercosis also play a role. Neverthe-
less, most strokes in South America can be attributed to
classic modifiable cardiovascular risk factors [11, 24].

Status Epilepticus

There are few data on the epidemiology of SE in South
America as a whole. The overall incidence appears to be
between 9.9 and 41 per 100,000/year, affecting mainly
children and elderly patients [8, 25]. Roughly 50% of
patients with epilepsy in Latin America and the Car-
ibbean do not receive any type of treatment for the

disease [26, 27]. The short-term mortality of patients
admitted with SE ranges from 16 to 31.4% [8, 26]. Epi-
lepsy is the primary cause of ~5800 deaths annually in
Latin America [28].

Infectious diseases are frequent etiologies of SE [29].
In a series in Sdo Paulo, Brazil, the most frequent etiol-
ogy of SE was inappropriate use of antiepileptic medi-
cations in patients with a history of epilepsy. In those
without, the main etiologies were central nervous sys-
tem infections, stroke, and metabolic disorders [30]. In
Central and South America, the main etiologies of SE
were TBI, idiopathic epilepsy, and neurocysticercosis
[8]. In fact, central nervous system infections are the
main etiology of seizures and acquired epilepsy in low-
and middle-income countries. Neurocysticercosis is the
most common cause of epilepsy of adulthood in Latin
America, with a prevalence twice that of high-income
countries. Epileptic seizures occur in more than 90%
of patients in several series and may occur at any stage
of parasite evolution. Acute seizures are also common
in viral encephalitis including arboviroses, meningi-
tis, and malaria and in most cases are associated with
increased mortality and morbidity, and subsequent
epilepsy. Tubercular meningitis is still a very common
chronic central nervous system infection in low- and
middle-income countries. Seizures occur in over half
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of the cases and are usually focal and frequently associ-
ated with vasculitis and infarcts.

Traumatic Brain Injury

The epidemiology of TBI in South America is not well
documented [31]. However, death by accidents, including
TBI, is the most frequent cause of death among men in the
15—59-year age-group in Latin America and the Caribbean
[32]. Moreover, the incidence of TBI in Latin America in
adults is around 1.8 times higher than in developed coun-
tries. The main documented causes of TBI in South Amer-
ica include auto accidents and violence [31, 33].

A multicenter study evaluating severe TBI in South
America showed important differences in the capacity for
pre-hospital evaluation, availability of intensive care unit
(ICU) beds, and the use of intracranial pressure monitors
depending on the locality. There were also important ine-
qualities within the same country, depending on whether
the health service was public or private. Patients enrolled
in services with greater availability of resources had a
better long-term functional outcome [34].

Mortality from severe TBI in low- and middle-income
countries in Latin America remains high, but the rate of
favorable outcome in survivors is similar to those of high-
income countries. The main factors associated with out-
come are race and medical institution outweighing other
important clinical factors such as hypotension and pupil-
lary reactivity [34].

In general, guidelines for the treatment of TBI are based
on data from developed countries [35]. However, there is
no evidence that those results are generalizable to low- and
middle-income countries. Therefore, the World Health
Organization has developed guidelines for cost-effective,
feasible, and sustainable treatments for trauma care ser-
vices that can be applied to any location worldwide [36].

Public Awareness

In severe TBI, witnesses usually feel compelled to call
emergency systems when facing a patient with systemic
or orthopedic traumas. However, patients with stroke
and SE (especially when nonconvulsive) may have more
subtle or negative symptoms, making it difficult to iden-
tify as another medical emergency [37-39].

For example, in Brazil, 22% of subjects interviewed in
three major cities did not recognize a single warning sign
of stroke [40]. A survey in Colombia showed that 65.3%
did not recognize stroke symptoms and signs; 54% were
not aware of stroke risk factors; and only 11.7% would
seek urgent medical help when facing stroke symptoms
[41]. This lack of recognition plays a role in considerable
delays in hospital admission of stroke patients in Lima
(Peru), Montevideo (Uruguay), and Joinville (Brazil)
[42—-45]. In Argentina, 75% of the patients admitted with

stroke symptoms to a hospital from November 2012 to
July 2013 arrived at the emergency department after 4.5 h
of stroke symptoms onset [46].

Even healthcare professionals have quite heterogene-
ous and often insufficient knowledge on the subject [8].
A survey conducted in Sdo Paulo showed that physicians
are more exposed to educational contents about epi-
lepsy than other healthcare professionals. In this study,
58% of dietitians, 47% of physical educators, 31% of psy-
chologists, 27% of physiotherapists, and 14% of nurses
reported not having received any information about epi-
lepsy during their professional training, as compared to
3% of physicians [47]. In Brazil, there is a direct correla-
tion between educational level and knowledge about atti-
tudes when facing a patient with a seizure [48]. Investing
in appropriate national recognition campaigns is there-
fore an important step for the community to recognize
neurological emergencies.

Emergency Medical Services

Few publications have addressed national strategies
against stroke in South America. In Brazil, the imple-
mentation of a National Stroke Project was very impor-
tant to improve stroke care in the country. The project
developed acute stroke centers and trained pre-hospital
personnel. The pre-hospital emergency medical system
(SAMU, Servico de Atendimento Moével de Urgéncia)
was actively involved. In a pilot study in Porto Alegre
(Brazil), SAMU and five stroke centers were trained on
acute stroke interventions. After the project, the propor-
tion of stroke patients treated with intravenous throm-
bolysis (rt-PA) increased from 1.7 to 5.3% [49]. The use of
smartphone apps is a new strategy that can assist patients
and families in recognizing symptoms and activating
emergency services. In stroke, some experiences have
been reported and are being implemented with good
results in South America [50].

Strategies to improve pre-hospital care include aware-
ness campaigns, a centralized emergency number,
emergency medical services training in neurological
emergencies, the existence of clinical networks, priority
transfers straight to appropriate centers, and collabora-
tion between hospitals [51-53]. Triaging patients among
the different stroke centers is vital to optimize allocation
of resources and transport times, especially if thrombec-
tomy is available. Several scales can help identify patients
with a large vessel occlusion with greater sensitivity than
specificity [54—57].

Simple recommendations for the pre-hospital approach
of the patient with seizures exist and include drugs of
choice, instructions on when to repeat dosing, and the
need for tests such as capillary blood glucose prior to
medication [39].
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For patients with TBI, there are also specific guidelines
suggesting recommended levels of oxygen saturation,
blood pressure, and the use of specific scales for evaluat-
ing the level of consciousness such as the Glasgow Coma
Scale, including the timing of the assessment [35]. A study
evaluating the outcomes of TBI of 550 patients in nine
centers in South America showed that 50% of the patients
were admitted within 3 h of the accident, with most
patients coming directly from the scene of the event [34].

The adaptations necessary to the training of each emer-
gency system within specific countries in South America
depend on the economic and social reality of the country,
the existence of a centralized pre-hospital medical ser-
vice, as well as on the need to integrate public and private
services, a common dichotomy in most South American
countries.

In-hospital Evaluation

To optimize the treatment in patients with acute neu-
rological emergencies, it is essential to have a minimum
infrastructure of equipment and processes. In stroke, for
example, important process measures are: door-to-neu-
roimaging time <45 min, door-to-intravenous tPA time
<60 min, appropriate evaluation, and rapid treatment of
large vessel occlusions [58—60]. Additionally, care under
specialized stroke units with dedicated multidisciplinary
teams is highly recommended [61, 62].

The quality of stroke care and number of stroke cent-
ers are largely variable in South America. Areas of excel-
lence are intermingled with regions of extreme poverty
depending upon socioeconomic level [63]. For example,
half of the patients with stroke in rural Bolivia are not
evaluated by physicians [17]. In a series in Sdo Paulo in
a private care hospital, 15% of patients were treated with
recanalization therapies [64]. Conversely, in Fortaleza
(Brazil), a city with 4 million people, only 1.1% of the
patients with IS were treated with rt-PA between 2009
and 2010 [65]. In Argentina between 2004 and 2006, only
1% were treated with rt-PA, and no more than 5.7% were
admitted to stroke units [46]. In population-based studies
in Iquique, Chile, 29% of patients with first-ever stroke
were not even hospitalized [13]. A retrospectively review
of patients admitted with IS from a sample of seven pub-
lic hospitals in Santiago (Chile) showed low adherence to
evidence-based performance measures as well as a low
frequency of rt-PA use [66, 67].

Examples of successful stroke networks in South
America should be the basis for building new networks in
different countries. Despite the sociocultural differences
between South American countries, many economic sim-
ilarities exist, allowing experiences to be shared [49].

Endovascular treatment was proven effective in com-
prehensive stroke centers with experience in treating

patients with large vessel occlusion in developed nations.
Generalizability to low- and middle-income countries
is therefore not straightforward. In South America, an
attempt to implement endovascular therapy carries some
specific challenges. First, as described, there is very poor
stroke awareness in the population and delays in recog-
nition of stroke. Secondly, quality of care is extremely
heterogeneous due to large economic inequalities [68—
72]. Finally, the population concentrates in urban areas,
but there are large areas that are clinically underserved.
In Brazil, a randomized clinical trial of mechanical
thrombectomy (the RESILIENT trial) is being conducted
in order to evaluate the efficacy of thrombectomy when
coupled with the ancillary care delivered by major public
stroke centers of the country [73].

Similarly, some important requirements should be
available in the hospital care of patients with SE. The ini-
tial response should be based on the Emergency Neuro-
logical Life Support (ENLS), and post-initial response,
based on NCS/ESICM guidelines of SE management
[74-76]. Patients should be transferred to a tertiary hos-
pital if seizures continue, if seizures have stopped and
the patient did not return to the pre-status neurologi-
cal baseline, and if the underlying condition causing SE
requires management that is not available at the spoke
site (i.e., neurosurgical intervention such as placement of
an intracranial pressure [ICP] monitor) [76, 77]. Evalu-
ation for the etiology of SE, including investigation of
infectious causes, is essential. Rapid identification and
treatment of conditions like bacterial and some viral
meningoencephalitis can dramatically change clinical
prognosis and the risk of long-term neurological deficits.

In TBI, organized systems of care are of utmost impor-
tance. Hospitals that treat a larger volume deliver better
outcomes. Prompt availability of neurosurgery teams is
paramount in tertiary hospitals. Monitoring of patients
with severe TBI in ICU may require high complexity; so
specific centers must be developed [35, 78]. The BEST
TRIP randomized trial conducted in Latin America
showed that outcomes were similar between patients
with TBI managed using ICP monitoring and those
managed using a protocol based on imaging and clinical
examination [79]. This result has led to a suggestion of a
protocol approach to TBI management in the absence of
ICP monitoring was published [80].

A summary of the minimum requirements for treat-
ment of stroke, TBI, and SE in a primary/secondary or
tertiary hospital is given in Table 1.

Neurocritical Care

Specialized units are known to improve clinical out-
comes in patients with acute neurological diseases [81,
82]. The possibility of strict neurological monitoring,
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Fig. 2 Stroke centers, stroke units, and population in South American
countries [12]. *No data available for Venezuela, Guyana, Suriname,
and French Guiana

hemodynamic management with a focus on the brain,
less frequent use of sedation, and professionals trained
in neurological diseases are factors that may explain the
better outcomes [82—84].

Many challenges must be faced for the proper function-
ing of these units in places with few resources. Bed avail-
ability, for example, can be a major problem. Another
challenge is lack of formal specializations and fellowships
in most countries [85, 86]. There is little epidemiological
information regarding the existence of neurological criti-
cal care units (NCCUs) and their capabilities in South

America. A recent survey showed a heterogeneous capa-
bility of ICUs in Latin America for the treatment of suba-
rachnoid hemorrhage. Only 12.5% of ICU’s had nurses
with neurological training; 67% of the units described
using a published guideline for directing treatment; 25%
did not have 24-h computed tomography scan avail-
ability; and only 52% had access to transcranial Doppler
monitoring [87]. Data on the number of stroke centers
and stroke units are available for most countries in South
America and can be used as a surrogate for the existence
of units to treat at least one of the most common neuro-
logical emergencies requiring neurocritical care (Fig. 2).

The development of clinical guidelines adapted to local
realities can very much contribute to the advancement of
the structure of the treatment pathways of neurological
emergencies in South America throughout the contin-
uum of care. Regional infectious diseases such as neu-
rocysticercosis and clinical complications of arboviruses
such as Zika, dengue, and chikungunya should all have
specific protocols for treatment and follow-up.

It is of utmost importance that low-income countries
develop their own research in neurological intensive
therapy, since data from developed countries cannot be
completely extrapolated to low-income settings. Pro-
tocols and checklists may assist in monitoring services,
especially when the professionals working in the NCCU
do not have formal neurocritical care training. Recently,
the NCS has made recommendations on standards of

Table 2 Strategic recommendations to improve care of patients with neurocritically ill disorders in South America

* There is a need for more robust and widespread epidemiological studies to better characterize the incidence, prevalence, and etiologies of the most common disorders such as
stroke, TBI, and SE. In addition, a better description of the availability of various components of the systems of care need to be made public.

~

Epidemiology
J
N
« Serious governmental efforts at educating the public on the basic concepts of the most common disorders and their risk factors must be undertaken. Such campaigns have to be
Public divorced of political maneuvering and must focus on the areas of more need. Moreover, prevention campaigns ought to be instituted.
Awareness Y,
« High-level governmental investment in pre-hospital management of patients with neurocritical care disorders is required. Whereas such program does not have to mimic
exactly what happens in North American or European countries, some components of it should be available and adapted. For example, centralized telephone numbers for
Pre-Hospital emergencies should be installed in every country and every region for the public to access. Because of the vastness and the difference in topography, each country or region
Carep will have to adapt methodologies or technologies that are best suited to each area. )

In-patient care

« In-patient care should be directed at centralizing the care of the most severe patients for all disorders, including other medical emergencies. Patients with severe TBI, acute IS
requiring thrombolysis or endovascular therapy, hemorrhagic strokes, and SE should be triaged at the pre-hospital level and emergency departments of local hospitals or
medical centers and after initial stabilization transferred to comprehensive centers capable of handling these complex conditions. There should be one of these comprehensive
or high-level hospital for every 1 million inhabitants. Care should be centralized to these specialized centers.

J

Rehabilitation

» Rehabilitation centers must be constructed to transfer patients from the comprehensive center to continue with their next phase of management. Such centers can be built
within or adjacent to the comprehensive hospitals or stand alone depending of the economic plan laid out by each national or regional government. At a minimum such centers
should have physical, occupational, and speech therapies, rehabilitation gymnasium, and aquatherapy capabilities.

~N

J
~
« Government officials should work in conjunction with institutions of higher education, both public and private, to ensure that educational opportunities are developed for
Education of individuals to become healthcare professionals who can fulfill all the required obligations that are needed to provide care for neurocritically-ill patients.
Healthcare
Professional J

IS ischemic stroke, SE status epilepticus, TBI traumatic brain injury
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NCCUs, designating units into levels depending on capa-
bilities to handle complex patients. Such classification
can be extremely useful in low-resource countries as well,
helping structure systems of care and providing a frame-
work to coordinate resources [88]. The ENLS has been
translated into Spanish and is a critical tool for training
professionals in intensive care [74].

Recommendations

South America is a vast and very diverse subcontinent. In
addition, educational attainment, wealth distribution, and
access to healthcare are unequal. However, we feel that
there are specific areas to target to improve care of patients
with neurocritically ill disorders, as summarized in Table 2.

Conclusions

Many challenges need to be overcome for the implemen-
tation of systems of care for the treatment of neuroemer-
gencies in South America. The different socioeconomic
and cultural realities do not allow a single solution to be
used for all countries. However, experiences that have
already worked in certain settings must be shared and
implemented with the necessary adaptations [89]. The
creation of structures capable of assisting patients with
the various neurological emergencies in a centralized way
is more effective than the development of systems for spe-
cific diseases. Several conditions that have time to evalu-
ation as a determinant of outcome can be grouped in the
design of lines of care. Finally, the collaborative work of
healthcare professionals and managers is essential so
that the epidemiological knowledge can be appropriately
transformed into fair and effective public health policies.
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