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Abstract
Conflict and the subsequent displacement of populations creates unique challenges in the delivery of quality health
care to the affected population. Equitable access to quality care demands a multi-pronged strategy with a growing
need, and role, for technological innovation to address these challenges. While there have been significant
contributions towards alleviating the burden of conflict via data informatics and analytics, communication technology,
and geographic information systems, little has been done within biomedical engineering. This article elaborates on the
causes for gaps in biomedical innovation for refugee populations affected by conflict, tackles preconceived notions,
takes stock of recent developments in promising technologies to address these challenges, and identifies tangible
action items to create a stronger and sustainable pipeline for biomedical technological innovation to improve the
health and well-being of an increasing group of vulnerable people around the world.
Keywords: Biomedical engineering, Systems engineering, Displaced populations, Medical technology, Refugee health,
Health systems

Background
Refugees, internally displaced persons, and other victims
of conflict are regarded to have among the poorest
health outcomes in developing countries. These populations typically face a wide range of challenges in accessing adequate, quality medical care. The challenges
presented in this paper do not occur in every situation,
but are salient issues that these populations face in numerous regions and capture general trends. As far as
possible, for each challenge we have specified the contexts in which they occur, so as not to overgeneralize.
Multiple frameworks have been developed to describe
the direct and indirect pathways that lead to adverse
health outcomes for patients [1, 2]. Acute illnesses,
chronic conditions, and the intergenerational effects on
health due to conflict as well as the burden these have
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on health systems have been described in previous studies [1–3].
Here, we extend on this analysis by examining gaps for
which health technology may be developed to address
them [4]. There is extensive literature on the breakdown
of health systems, the gaps and barriers to accessing care
among mothers and children, the need for improved
mental health services, and the continuous threat of infectious diseases [3, 5–17]. Our goal is not to review
these challenges but to discuss why improved health
technology is needed in humanitarian settings, and why
it is so hard to develop and implement.
We consider health technologies to be a “broad category of interventions that reduce malnutrition, improve
sanitation, and increase safety on roads” as well as “technologies specifically designed to prevent, diagnose, or
treat illness, from the highly specific …to the more
widely applicable” [4]. As such, in this work “humanitarian health technology” would focus on health technology
developed for use within conflict, conflict-affected, and
other humanitarian zones. We use the term “biomedical
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innovation” as the creation and development of health
technology. The reasons for the gap in innovation towards humanitarian health technologies are numerous.
Development of health technologies for conflict and
conflict-affected regions possesses unique obstacles – including limited access to field assessments, ethical considerations, and rapidly changing environments – that deters
pursuit of further innovation [18]. There has been tremendous progress in the development of digital technology for
these contexts, however gaps remain where needs of the
health system are outside the scope of software and communication tools. Biomedical engineering may fill these
gaps through health systems level innovation.
This paper seeks to discuss what role biomedical engineering can play for the future of humanitarian health and
the opportunities for its future application. We elaborate
on examples of technologies that have been developed for
use in conflict and conflict-affected regions that improve
delivery of health care either through direct patient use,
distribution of medical resources, or improved training of
medical personnel. The technologies described here illustrate broadly the current state of humanitarian health
technology, and are not intended to be an exhaustive list.
While the focus of this paper is on solutions for forced migration due to conflict and social unrest, we recognize that
technologies developed for forced migration in response
to natural disasters have shown promise and relevance for
conflict situations [19, 20].

Analysis of the gaps and opportunities for the
future
We now turn our discussion to the causes for gaps in
technology development and focus on both the barriers
and the opportunities for innovations. Despite the growing refugee population, and a global increase in conflict
and subsequent forced migration, technological solutions
that address short and long-term health challenges suffer
from serious gaps. The pipeline of new innovations is
relatively weak, and few solutions make it to the point of
implementation. There are several major reasons for
these limitations on the translation of innovation and
technology. The first one is lack of awareness among developers, innovators and technology experts. While there
have been recent meetings and conferences on humanitarian innovation, these are often few and far between,
and do not translate into broad awareness beyond those
who are already engaged in the research [21–23]. Research institutions and institutions of higher education
offer few, if any, courses that create awareness among
scholars, researchers and engineering students to address the glaring gaps in point-of-care solutions in conflict situations. Engagement of technology developers
with on-the-ground health and humanitarian workers is
minimal; therefore, the needs of the field are often not
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translated into technologies developed in the labs. Interdisciplinary efforts that bring technology developers in
regular contact with the front-line workers remain weak
and limited.
Coupled with the lack of awareness is the issue of lack
of financial incentives, both for individuals and
innovation enterprises [24]. These range from lack of
direct investment in niche technologies for conflict
situations to unavailability of grants for research and development. The issue of funding is not just acute for
early development but also implementation and fieldoptimization that require engagement of multiple stakeholders, testing on-site and optimization based on user
experience and feedback [24]. In the absence of awareness and funding and with the lack of convenient access
to impacted populations, the ability of researchers to
come up with optimized solutions is minimal.
Finally, the absence of trained staff in conflict areas
and refugee settlements, to maintain and appropriately
use equipment, adds a further layer of complexity and
challenge [25, 26]. Lack of training of the front-line
workers, on one hand, means that they are unable to
fully engage technology developers and on the other
hand, increases the chances of technology malfunction
and disrepair. While there have been some efforts in the
recent past to increase technical competency of the
front-line workers in using digital and point-of-care
technology, a lot more needs to be done to increase their
awareness, engagement and ability to fully benefit from
technological innovations.

The path ahead in creating solutions
With an increase in global conflicts and an ever increasing number of refugees and those who are forced from
their homes, there is a critical need to develop and implement innovative solutions to meet the health demands of those affected. These solutions need to be
cognizant of socio-economic realities, respectful of traditions and culture and implementable in complex and
difficult settings. While technology may not solve all of
these challenges, it has an important role to play. Recent
past has seen a surge of digital and information technology solutions being developed and implemented, yet solutions that are rooted in biomedical engineering and
address point-of-care needs in diagnosis, management
and treatment, have been relatively few. As we look towards the future, we offer four concrete approaches to
increase development and implementation of these
point-of-care and point-of-need solutions.
Awareness and success stories

While each conflict environment and refugee settlement
is unique, and requires solutions optimized for that scenario, there have been successes in other complex
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environments via effective point-of-care solutions. These
include natural disasters such as floods and earthquakes,
and more broadly for global health settings. Solutions
such as rapid diagnostics, incubators that are rugged and
robust and prosthetics that meet the needs of the affected population have made substantial impact [4]. Key
lessons from those situations include awareness among
the engineering community about the needs, complexity
of the challenges, fundraising opportunities, multisectoral engagement and partnership between those who
develop to those who work at the frontlines. Similar
strategies are needed to address gaps in technology development for conflict and refugee settlements. A significant number of refugees now live in urban areas, outside
the refugee settlements. An understanding of their needs
in accessing health services would require a more sophisticated understanding of the local challenges. This
would once again, require a stronger partnership between various sectors working in refugee health and rehabilitation and an engagement that is rooted on both
the ground realities and the ability to create solutions
that are specific and sensitive.
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A multi-sectoral approach for funding, development and
sustainability

Given the recent political shift towards nativism, there
are strong reasons to expect a decline in international
aid. Therefore, new models of investment have to be developed. In this regard, a multi-sectoral approach, that
combines public and private funding, NGOs and foundations, individual philanthropists and large multinational corporations, is needed in order to discover, develop and deliver solutions. Once again, there are positive examples from innovations in global health that
have developed mechanisms that range from grants to
direct investment from multiple sectors to create and
implement solutions. These include multi-stake holder
grant mechanisms such as Saving Lives at Birth, Grand
Challenges mechanisms in multiple countries, the Grand
Challenge on Ebola, the development of Global Health
Investment Fund to name a few [27–30]. The Global
Humanitarian Lab also offers opportunities for funding
and partnership that supports and accelerates bottomup innovation [31]. A similar strategy that is both multisectoral and diverse in its origin and impact can bridge
some of the current gaps in point-of-care and point of
need solutions.

Increasing frontline innovation

Creating solutions at the point-of-care is now becoming
a possibility through advancements in manufacturing,
3D printing and paper based diagnostics. Additionally,
combined with digital technologies for better imaging,
microscopy and analysis, it is now within the realm of
possibility to create solutions that are sensitive and specific, and also independent of long, complicated and expensive supply chains. Investments in innovations that
can be created closer to the point-of-care and point-ofneed can decrease cost, increase sustainability, provide
economic support to local communities and improve the
local adoption.

Early stage research incentives

The incentives for engineering, technology and science
faculty, students and researchers to focus on developing
novel solutions for conflict situations and refugee crises
remain weak. Even with limited funding, a focus is often
on the applied and the implementation, with little incentives for development, early stage investigation and
optimization. The lack of research support significantly
affects the ability of scholars to devote their efforts in
coming up with new and novel solutions that may have
the ability to make a sustainable impact. Grants that are
focused, yet cognizant of the research pipeline will, on
one hand, increase awareness, and on the other, bring
new researchers to the fore to develop novel and high
impact solutions.

Conclusions
Conflict and displacement due to conflict result in adverse outcomes across many different areas of health –
including but not limited to maternal and child health,
communicable diseases, and mental health. Technology
towards improved delivery of medical care and training,
distribution of medical supplies, and manufacturing of
medical equipment have been developed – however,
substantial gaps in reducing the burden of illness and
increasing access to medical care still exist. We believe
that while this gap presents an enormous challenge in
coming up with new solutions for conflict environments, there is also a significant opportunity to develop
and design solutions that are sustainable and can lead
to discovery that may impact regions beyond those that
are currently affected through reverse innovation and
sharing of design paradigms [32, 33]. A concise, multiscale effort that starts with individuals in the classroom
or the research lab, and extends to those who are most
vulnerable due to conflict or forced migration, can deliver on that promise.
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