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Abstract The burden of disease and so the need for care

is often greater at hospitals in emerging economies. This is

compounded by frequent restrictions in the delivery of

good quality clinical care due to resource limitations.

However, there is substantial heterogeneity in this eco-

nomically defined group, such that advanced brain

monitoring is routinely practiced at certain centers that

have an interest in neurocritical care. It also must be rec-

ognized that significant heterogeneity in the delivery of

neurocritical care exists even within individual high-

income countries (HICs), determined by costs and level of

interest. Direct comparisons of data between HICs and the

group of low- and middle-income countries (LAMICs) are

made difficult by differences in patient demographics,

selection for ICU admission, therapies administered, and

outcome assessment. Evidence suggests that potential

benefits of multimodality monitoring depend on an

appropriate environment and clinical expertise. There is no

evidence to suggest that patients in LAMICs where such

resources exist should be treated any differently to patients

from HICs. The potential for outcome benefits in LAMICs

is arguably greater in absolute terms because of the large

burden of disease; however, the relative cost/benefit ratio

of such monitoring in this setting must be viewed in con-

text of the overall priorities in delivering health care at

individual institutions.

Keywords Neurocritical care �Multimodality

monitoring � Low- and middle-income countries �
Developing countries � Traumatic brain injury

Introduction

The burden of disease from conditions that require neuro-

critical care is often greater in emerging economies, and

outcomes are generally worse. For example, it is estimated

that 90 % of trauma-related deaths occur in the developing

world [1], Disability-Adjusted Life Years (DALYs) losses

due to injury progressively rise with decreasing income

levels [2], the odds of dying due to injury are higher, and

the relative proportion of TBI in injury cases is greater in

low-income settings [3]. Similarly, cerebral infections and

the cerebral consequences of uncontrolled hypertension

may place greater demand on intensive care units (ICU).

Therefore, a global community interested in developing

neurocritical care arguably has some responsibility to

extend expertise and resources to areas in greatest need in

response to the acute brain injury version of the 10/90 gap.

Also, periodically questions arise about the generalizability

of study data in both directions, i.e., the extrapolation of

study findings from high-income countries (HICs) to low-

and middle-income countries (LAMICs) and vice versa.

Therefore, clinical service and research in emerging

economies present both substantial opportunities and
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challenges. The challenges in LAMICs include how to

acquire resources, train staff adequately, define how best to

go about collaborative study, and determine how to gen-

eralize outcome data. The aim of this review was to

examine some of these important issues in the context of

neuromonitoring and multimodality monitoring (MMM).

In the simplest form of MMM, if a patient undergoes serial

clinical assessments (including vital signs), has repeat

blood work or repeat imaging he or she is receiving MMM.

Because TBI is common in LAMICs and there is a rela-

tively greater amount of fairly homogeneous clinical data

published on TBI compared with other neurocritical care

disorders, we concentrated on clinical care of TBI as a

measure of differences between HICs and LAMICs in

demographics, outcomes, and the general use of neuro-

critical care monitoring.

Methods

To start, definitions of emerging economies were clarified.

We used the World Bank definitions of high-, middle-, and

low-income countries. The World Bank publishes the

World Development Indicators which are updated on July

1st every year; the 2013 classification used here is based on

the 2012 Gross National Income (GNI) per capita figures

for each country, and was calculated using the World Bank

Atlas Method (http://data.worldbank.org/about/country-

classifications). The groups thus classified are low income

$1,035 or less; lower middle income, $1,036–$4,085; upper

middle income, $4,086–$12,615; and high income, $12,616

or more. A complete list can be found on the World Bank

website.

Literature Search

A Medline search was conducted using the following

terms: brain, monitoring, intracranial pressure, traumatic

brain injury, subarachnoid hemorrhage, transcranial

Doppler, brain oxygen, cerebral microdialisis, neuromoni-

toring, neurocritical care, neurointensive care, developing

country, and emerging economy. In addition, we searched

these terms with individual countries in the LAMICs

group. Papers published in English, Spanish, and Portu-

guese were reviewed. Three databases were used, namely

Scopus, Pubmed, and Scielo. We additionally hand sear-

ched articles identified from articles in the list and those

known to the authors. We included adults and children

because the population pyramid in developing countries

tends to be broad based and because most developing

world settings do not have dedicated adult and pediatric

ICUs and so report mixed populations. For ease of com-

parison, we restricted extraction of demographic and

outcome data to that of patients with severe TBI, but we

considered the use of multimodality monitoring for any

neurological condition. Where we were not able to extract

required data for severe TBI from series with mixed grades

of TBI, we did not include the result, unless the study was a

direct comparison between 2 centers. We excluded out-

come data from studies that reported less than 15 patients.

We searched studies published from January 1990 to

August 2013. Studies published before 1990 were included

if thought to be of considerable relevance. The final

number of papers that we reviewed was 117. The end

points of this review were to answer the following

questions:

• Are there differences between HICs and LAMICs in

baseline characteristics for neurocritical care patients

(specifically severe TBI) or selection of patients for

study?

• What is the availability/penetration of various moni-

toring technologies/neurocritical care in emerging

economies?

• Does MMM benefit patients in LAMICs and is it cost-

effective?

• What are the challenges to instituting MMM in

resource-constrained environments?

Results

Are There Differences Between HICs and LAMICs in

Baseline Characteristics for Neurocritical Care Patients

(Specifically Severe TBI) or Selection of Patients for

Study?

Several studies from LAMICs were identified although few

were of high quality [4–38]. Table 1 shows the results of

TBI studies with regard to case mix, age, sex, and mech-

anism of injury. We excluded studies in which study design

likely affected the demographics of the reported sample.

The selection criteria for ICU admission were not clearly

delineated in most studies, although it was clear that ICU

bed availability is an important factor in resource-limited

settings [11]. In general, both higher and lower thresholds

for ICU admission likely exist in comparison with HICs:

patients who are less severely injured are less likely to be

admitted to the ICU, as are patients with the most severe

injuries for whom a good outcome is very unlikely.

Resource limitations extend beyond simple admission to

the ICU, especially in low-income settings, including reg-

ular access to oxygen, water, and electricity [39].

In general, compared with data from HICs, patients

admitted with TBI to ICUs in developing countries tended

to be younger (even when only adult studies are
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considered) and are more likely to be male (in some studies

up to 85–91 %) [9, 40], e.g., the CRASH Trial (8927

patients in 46 countries) [32]. Patients are also more likely

to be injured in road traffic accidents (RTAs), although

there were sometimes substantial differences in the

mechanism of injury, depending on the country or region

of origin, including prominence of assaults and penetrating

injuries in Jamaica [10], railway accidents in India [16],

motor cycle accidents in Thailand [19], and animal attacks

in Tanzania [41]. Although the burden of RTAs is greater

in LAMICs, its prevalence depends on the economy and

the rate of urbanization: countries with a very low GNI

tend to have fewer cars on the road. There are obvious

discrepancies also in prehospital care. One comparative

study found that admission time to hospital was less than

1 h in 50 % of cases in Charlottesville, VA (USA) and in

7 % of cases in New Delhi, India [9]; 89 and 29 % of

patients, respectively, were admitted within 3 h; 84 and

0.5 % of patients, respectively, were brought in by

ambulance. In summary, there are differences in baseline

characteristics in TBI patient populations admitted to the

ICU in LAMICs compared with HICs. Selection for ICU

admission is likely to be affected by local conditions.

What is the Availability/Penetration of Various

Monitoring Technologies/Neurocritical Care in

Emerging Economies?

Emerging economies are not homogenous. Even within a

single country, substantial disparities exist across private/

public and rural/urban divides; this is true also in HICs.

There are some indications that neurocritical care is

developing as a discrete specialty. In a Chinese survey,

95 % of neurointensive care units (72 of 76) had fulltime

neurocritical care doctors, 79 % had neurocritical care

directors, and 47 % had neurocritical care residents [42].

Only 30 % used invasive ICP monitoring, but neurological

ICUs (n = 43) outnumbered the neurosurgical ones

(n = 27), which may partly explain the difference.

Advanced MMM is practiced in LAMICs but is concen-

trated where there is an interest in neurocritical care:

monitoring using ICP, brain oxygenation, cerebral blood

flow monitoring, continuous EEG, jugular venous satura-

tion, and microdialysis are all described [13, 15, 27–29, 31,

35, 36, 43–60]. In some of these centers, there is little, if

any, difference from what is used in centers in HICs with

an interest in neurocritical care. On the whole though,

organized neurocritical care appears to be uncommon in

LAMICs. ICP monitoring, as an index measure for moni-

toring beyond basic clinical care, is not commonly

employed outside of the relatively few specialist centers

(Table 2). For ICP monitoring, often ventriculostomy or

subdural/subarachnoid catheters are used instead of theT
a
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more expensive parenchymal devices, although this is not

consistent, given the increased concern about ventriculos-

tomy-related sepsis [9]. However, the type of ICP monitor

used can affect interpretation of comparative studies. Apart

from ICP monitoring, it appears that the most commonly

employed monitor, especially in Latin America, is trans-

cranial Doppler. There are many more reports of MMM in

subarachnoid hemorrhage, meningitis, and stroke, but the

TBI-related studies are shown here for ease of reference.

For some of the papers, the samples are non-consecutive

and reflect monitoring as part of the study’s objectives,

rather than an unselected series of severe TBI. Presumably,

familiarity with various monitoring technologies and clin-

ical expertise also vary. This is important because a

monitoring modality on its own will not benefit patients

outside of the clinical expertise of the user. There are no

data to quantify the latter in our literature review.

In a comparative study, ICP monitoring was used in

4.5 % of TBI cases (all grades of TBI severity) in Atlanta,

Georgia and only 0.1 % of cases in Jamaica [10]. Although

more patients were admitted to ICU in Atlanta (65.6 %)

compared with the 2 Jamaican centers (3.3 and 13 %), the

median length of stay was shorter in Atlanta. Head CT

scans were used for 95 % of cases in Atlanta but only 68

and 20.3 % at the Jamaican centers. ICP monitors were

used for 15 % of the total number of cases in Charlottes-

ville, Virginia (and 87 % for those with a GCS of 5 or less)

and for none of the cases in New Delhi [9].

In the BEST TRIP trial in Bolivia and Ecuador (dis-

cussed below), ICP monitors were introduced into an

environment where they had not been used previously [37].

Outcome was similar using a management strategy based

on ICP monitoring or not, in these centers. This has raised

questions about the value of ICP monitoring in this envi-

ronment, especially amidst the other priorities of

healthcare, and the role of experience with ICP monitoring.

Does Multimodality Monitoring Benefit Patients in

LAMICs and is It Cost-Effective?

There is little evidence of the direct benefit of MMM in

LAMICs, in large part because it is understudied. However,

evidence is accumulating that describes a role of MMM in

LAMICs. Recently, a multicenter randomized controlled

trial (BEST TRIP), funded by the National Institutes of

Health in the United States, examined 2 treatment regimens

at hospitals in Bolivia and Ecuador [37]. A total of 324

adult patients were randomized to treatment based on a

clinical- and imaging-based protocol or an ICP monitoring

protocol which used an ICP threshold of 20 mmHg to

initiate treatment. Their primary outcome, a composite of

21 measures of functional and cognitive status, was similar

in the two groups. The treating clinicians at the variousT
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hospitals underwent training, but ICP monitoring was not a

standard at any of these hospitals before the trial and their

familiarity and expertise with ICP monitors are unclear.

Mortality was relatively high, but in keeping with the

environment. The 2-week mortality was 21 % in the ICP

group and 30 % in the imaging-clinical examination group.

The 6-month mortality rates were 39 and 41 %, respec-

tively; good recovery (upper and lower) on the GOS-E

scale were 31 and 26 %, respectively. The median length

of stay in the ICU was similar. There were significantly

more brain-specific treatments administered in the imag-

ing-clinical examination group. None of the patients

received rehabilitation therapies, and 35 % of deaths

occurred >14 days post-injury. Although internally valid,

the external validity is debated, and hence the results are

not generalizable. Several questions remain whether results

would be different (1) in a different environment, (2) if

better prehospital and post-acute care were administered,

(3) if a different ICP threshold was targeted, (4) if different

ICP-lowering therapies were used, (5) if ICP monitoring

were combined with more information (MMM), and (6)

whether training in ICP care yields similar results to

cumulative clinical expertise among others.

In Malaysia, several studies compared various moni-

toring approaches [11, 13, 15]. One compared severe TBI

in 3 non-random treatment groups [15]: no monitoring, ICP

alone, and ICP with MMM (which included jugular venous

saturation, TCD, CBF [Saber sensor], brain oxygen, and

continuous EEG). Patient baseline characteristics showed

some differences, and the overall numbers were small

(n = 82). In the ICP and no monitoring group, mortality

was 26 % versus no deaths in the multimodal group;

however, the proportion of bad outcome survivors at

12 months after injury was higher in the multimodal group.

The same group later randomly assigned 52 TBI patients to

the care of one of two surgeons: one who monitored ICP

only and one who used MMM [14]. The early outcome

figures were similar, but there was a small increase in the

number of functionally independent patients in the multi-

modal group at 6 months (21.2 vs. 17.3 %). At 1 year,

functional outcome in 62 patients was significantly better

for the multimodal group [13]. In South Africa, MMM

including ICP, brain oxygen, and transcranial Doppler has

been used in pediatrics; mortality was low (9.6 %) in a

series of 52 severe TBI patients [45, 46, 61]. MMM was

used to assess clinical grading, conventional ICP-based

management, blood transfusions, oxygen reactivity, auto-

regulation, decompressive craniectomy, and brain death

[25–27, 43, 44, 47, 62, 63].

A recent study in China found lower mortality, better

functional outcome, and less acute kidney injury when ICP

was monitored [57]; however, the decision to perform ICP

monitoring was non-random, the groups were likely not

similar enough, and not enough data were presented.

Whitmore et al. [64] created a decision-analytical model to

compare three strategies for treating severe TBI patients,

namely an ‘aggressive care’ approach (using ICP moni-

toring and decompressive craniectomy), ‘routine care’ (in

which the Brain Trauma Foundation Guidelines were not

followed), and ‘comfort care’ (in which a single day in ICU

was followed by ward care). Probabilities for treatment

resulting in various GOS categories were calculated from

published outcomes studies, and the resulting GOS scores

were converted to quality-adjusted life years. They found

that aggressive care delivered a greater amount of quality-

adjusted life years for all age categories, although the

difference was greatest in younger patients and diminished

with age. Aggressive care also was more cost effective for

each age group up until age 80.

The associated costs of neurocritical care or MMM are

not widely reported. In the Malaysian study referenced

above, the authors included a calculation of costs in the 2

groups (MMM vs. conventional treatment). The cost of

MMM patients was significantly higher, but the authors

contended that this was justified by the better functional

outcomes [13]. Sut et al. [20] examined the costs of treating

severe TBI patients at a hospital in Turkey: mean stay costs

were $4846 (US) and daily cost $575. Costs per life saved

were $9533; costs per life-year saved were $313.60. The

authors contrasted these with mean ICU costs in New Zea-

land of $10725 and the hospital cost of TBI in the US of

$28428, although the latter likely included in-hospital

rehabilitation costs. The authors suggest that costs at their

institution are substantially lower but that these have to be

interpreted against the backdrop of each country’s GNI per

capita. In Eastern China, the median hospital costs for severe

TBI in young to middle-aged adults ranged from US$2600

to 2800 (in 2004 figures) [65], compared with costs in Spain

(5622 Euros), Sweden (8951 Euros), and Germany (7620

Euros). However, the average annual income in Eastern

China in 2004 was US$1230 per person compared with

US$43570 in the United States. Costs for patients with

severe disability (US$5894) were just over double that of

patients who made a good recovery (US$2530). Of interest,

neurointensive care costs were higher, but not substantially

so, than general ward care costs.

Finally, it is worth noting that it is not infrequent that

authors of studies in LAMICs are from HICs. Sometimes,

this arises from collaborations where authors in HICs have

research relationships with centers in LAMICs and so offer

support, advice, and research capacity. On other occasions,

the studies may be performed in LAMICs centers, but the

funding, design, and execution are primarily by the HICs

authors. Several ethical issues have to be considered in

detail before embarking on these studies, especially when

there is potential generalization of the study’s findings.
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That said, these collaborations represent opportunities for

patient benefit and advancement of science. These research

collaborations, settings in which they occur, and the find-

ings require greater definition, especially given the

spectrum of capacity and skills across the range of coun-

tries in this group. However, there is no current evidence

that patients in LAMICs should be treated differently to

patients in HICs given the wide range in expertise and

resources not only within the LAMICs group but also

within individual HICs.

What are the Challenges to Instituting MMM in

Resource-Constrained Environments?

There are several challenges to instituting MMM and

advanced critical care in LAIMCs that are difficult to

quantify, especially given the spectrum across the range of

LAMICs. These challenges are best described in a qualita-

tive manner and include a higher burden of disease, poor

prehospital care, delays in transfer, lack of ICU/neurocritical

care equipment and consumables, shortage of ICU beds,

lack of staff training and specialization, and less rehabilita-

tive capacity. The size of the need and the priority areas

likely vary with the economic status of the nation. The series

of articles from Malaysia referenced above demonstrated

potential benefits of MMM, but it was clear that functional

outcome had to be improved to justify the costs [11, 13–15].

Clearly, careful cost analyses would be essential to motivate

at individual institutions. Arguably, the potential benefits of

improved neurocritical care in LAMICs are greater in

absolute terms given the greater burden of trauma and the

higher DALYs losses; the relative benefits would have to be

weighed up against competing priorities in health care in

each individual setting. It must also be remembered that

substantial differences occur even within a single country.

Conclusion

It is challenging to adequately describe the current status and

future role of neurocritical care in general, and MMM spe-

cifically, within the diversity that exists in the LAMICs

group. MMM is used, at an advanced level, but in few

centers. In these centers, good outcomes similar to that

achieved in HIC are possible. This is promising because

larger numbers of patients treated within a sophisticated

infrastructure have value both for clinical service delivery

and research potential. Several opportunities and challenges

exist to develop capacity in these countries. At this time,

direct comparison of data from individual studies and gen-

eralization of study findings across the HIC/LAMIC divide

face several obstacles and so require greater scrutiny.

Conflict of interest Anthony Figaji and Corinna Puppo have

declared no conflicts of interest.

Appendix: Participants in the International

Multidisciplinary Consensus Conference on

Multimodality Monitoring

Peter Le Roux, MD, FACS,

Brain and Spine Center,

Suite 370, Medical Science Building,

Lankenau Medical Center,

100 East Lancaster Avenue, Wynnewood, PA 19096, USA.

Tel: +1 610 642 3005;

Fax: 610 642 3057

lerouxp@mlhs.org

David K Menon MD PhD FRCP FRCA FFICM FMedSci

Head, Division of Anaesthesia, University of Cambridge

Consultant, Neurosciences Critical Care Unit

Box 93, Addenbrooke’s Hospital,

Cambridge CB2 2QQ, UK

dkm13@wbic.cam.ac.uk

Paul Vespa, MD, FCCM, FAAN, FNCS

Professor of Neurology and Neurosurgery

Director of Neurocritical Care

David Geffen School of Medicine at UCLA

Los Angeles, CA 90095 USA

PVespa@mednet.ucla.edu

Giuseppe Citerio,

Director NeuroIntensive Care Unit,

Department of Anesthesia and Critical Care

Ospedale San Gerardo, Monza.

Via Pergolesi 33, Monza 20900, Italy

g.citerio@hsgerardo.org

Mary Kay Bader RN, MSN, CCNS, FAHA, FNCS

Neuro/Critical Care CNS

Mission Hospital

Mission Viejo CA 92691, USA

Marykay.Bader@stjoe.org

Gretchen M. Brophy, PharmD, BCPS, FCCP, FCCM

Professor of Pharmacotherapy & Outcomes Science and

Neurosurgery

Virginia Commonwealth University

Medical College of Virginia Campus

410 N. 12th Street

Richmond, Virginia 23298-0533 USA

gbrophy@vcu.edu

S264 Neurocrit Care (2014) 21:S239–S269

123



Michael N. Diringer, MD

Professor of Neurology, Neurosurgery & Anesthesiology

Chief, Neurocritical Care Section

Washington University

Dept. of Neurology, Campus Box 8111

660 S Euclid Ave

St Louis, MO 63110 USA

diringerm@neuro.wustl.edu

Nino Stocchetti, MD

Professor of Anesthesia and Intensive Care

Department of physiopathology and transplant,

Milan University

Director Neuro ICU
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