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Foreword |

It is a great honour to be writing the foreword for the first edition of Sepsis
Management in Resource-Limited Settings.

The publication of this book could not be more timely; lives will be saved if the
advice and wisdom of the authors of this superb book is translated into everyday
clinical care in all settings around the world. Over the last decade, it has become
increasingly clear that we can dramatically improve the survival chances of patients
with sepsis and other critical care conditions. The key is the earlier identification
and initial management and then the continued care of patients and their families.
What we do really matters and can make the difference between life and death. It
has also become apparent that this is not just the role of doctors, but increasingly
paramedics, nurses, pharmacists, other healthcare professionals, and families all
have a critical role to play.

This book, authored by people all looking after patients with sepsis today, is
inspiring; a brilliant summary of what is known, how to best apply what is known
wherever you work; and a pleasure to read whatever your personal experience or
qualifications. It will be as useful to someone at the start of their career and will
enhance the work of someone with many years of experience. A book for everyone,
everywhere.

I cannot commend the authors highly enough, for taking complex, sometimes
frightening, issues and making them understandable and accessible. I learnt a huge
amount by reading it (after a career of over 30 years) and will make sure to carry it
with me. This book will have a tremendous impact on the lives of many people
around the world—thank you.

Jeremy J. Farrar
Director of the Wellcome Trust
London, UK



Foreword I

I would like to congratulate and praise all the contributing authors and the Global
Intensive Care working group of the European Society of Intensive Care Medicine
and the Mahidol Oxford Tropical Medicine Unit in Bangkok for the initiative of
writing this book and the result achieved. Sepsis is a very complex syndrome already
defined ages ago in various ways. Today, even with advanced medical facilities, the
mortality of patients with sepsis remains high. Most of the world’s population live
in low- and middle-income countries, and they usually have a higher mortality due
to sepsis. Next to this, many standard sepsis treatments developed in high-income
countries may not be directly applicable in low- and middle-income countries. This
could be due to factors such as lack of recognition, medicine, equipment, and access
to intensive care and preventive measures. This book provides an in-depth under-
standing of these issues and applicable treatment alternatives for sepsis patients in
low- and middle-income countries.
I feel very privileged to contribute this foreword for this very precious work.

Jozef Kesecioglu

Professor of Intensive Care Medicine

European Society of Intensive Care Medicine, President
Bruxelles, Belgium
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Preface

Soon after the concept of sepsis had been described, research unveiled the enormous
burden sepsis puts on patients, society, and healthcare services. However, most
research came from high-income countries, and it inadvertently suggested that sep-
sis was primarily a disease condition encountered in emergency departments and
intensive care units in North America, Europe, and Australasia. Over time it became
apparent that the true epidemic of sepsis had so far gone unnoticed. Annually, mil-
lions of deaths due to acute severe infections, and by extension to sepsis, occurred
in low- and lower- to middle-income countries without much acknowledgment in
the medical literature. Furthermore, this biased view on the topic had falsely shaped
our understanding of sepsis. Based on epidemiological studies from high-income
countries, sepsis was largely regarded as a life-threatening complication of bacterial
and sometimes fungal infection. On a global scale, however, viruses, protozoans,
and Mycobacterium tuberculosis were, and still are, a major cause of, often fatal,
sepsis.

Over the last two decades, the Surviving Sepsis Campaign has summarized con-
temporary scientific evidence on the management of sepsis and septic shock.
However, soon after the first guidelines were published, it became clear that many
recommendations were not directly applicable to resource-limited settings where
the majority of sepsis mortality resides. Reasons were multiple, ranging from a dif-
ferent epidemiology of sepsis and the lack of trained healthcare staff to the unavail-
ability of key material resources. Prompted by this striking mismatch, several
groups took the initiative formulating adapted recommendations for the manage-
ment of patients with sepsis and septic shock in resource-limited settings. In 2015,
the Global Intensive Care Working Group of the European Society of Intensive Care
Medicine and the Mahidol Oxford Tropical Medicine Unit in Bangkok launched a
large-scale effort to evaluate the “Surviving Sepsis Campaign” recommendations
against the latest scientific evidence identified and practical experience collected in
resource-limited settings, many of which located in tropical countries. An expert
panel of physicians practicing in or with extensive experience working in low- or
lower- to middle-income countries was created to review systematically published
literature and, when needed, adapt the recommendations on the management of
sepsis and septic shock suitable for resource-limited settings. This book summa-
rizes this exercise. Each chapter has been published earlier in a summary format
together with extensive online supplementary material.



X Preface

A constant issue during this exercise was the existing paucity of scientific evi-
dence on the epidemiology, therapy, and outcome of sepsis in low- and lower- to
middle-income countries. We sincerely hope this book will benefit the care of those
who are so relentlessly affected by sepsis worldwide and that it will inspire new
research to improve our understanding and management of this deadly condition in
all different settings around the globe.

Bangkok, Thailand Arjen M. Dondorp
Linz, Austria Martin W. Diinser
Amsterdam, The Netherlands Marcus J. Schultz
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1.1 Introduction

In many low- and middle-income countries (LMICs), with improved public health
services like sanitation and immunization, the relative importance of curative care
to improve health becomes more important. This includes care for sepsis, a major
reason for intensive care unit (ICU) admission in LMIC. These patients will cur-
rently often be treated in general wards, but basic intensive care facilities are becom-
ing increasingly available. The scope of the current review is limited to the ICU
setting. ICUs in resource-restricted settings have to function with important limita-
tions, including both infrastructure and materials and human resources. It is impor-
tant to address economic aspects around the provision of relatively expensive
intensive care in low-income countries. Most LMICs have tropical or subtropical
climates, and causes of sepsis will often be different from high-income countries
(HICs), where most sepsis guidelines have been developed. Because of the different
settings and the different causes of sepsis, existing guidelines will need prudent
interpretation. There is a broad research agenda around this, which is currently still
hardly addressed. Finally, expansion of setting-adapted training will be important to
improve ICU performance in LMICs.

In this review, written by a group of physicians from resource-poor and resource-
rich ICUs in LMICs and high-income countries, respectively, who were involved in
the development of a series of sets of recommendations for sepsis management in
resource-poor settings as recently published [1-4], the estimated burden, pathogens,
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and pathophysiology of sepsis are compared between resource-poor and resource-
rich settings. The availability of critical care and guidelines and costs of critical care
in LMICs are compared to that in high-income countries. Suggestions for future
directions are provided.

1.2  Burden and Causes of Sepsis and Its Management
1.2.1 Disease Burden

While detailed information has been reported on the epidemiology and outcome of
sepsis in HICs [5, 6], only scant systematically collected epidemiological data exist
from LMICs [7, 8], despite that these countries carry about 80% of the global mor-
tality caused by infections [9]. At present, the epidemiology of sepsis in LMICs can
only be loosely estimated from the epidemiology of acute infectious diseases with a
potential to cause sepsis captured in the “Global Burden of Disease” database [10—
12]. This database reported important regional differences in the epidemiology of
such acute infectious diseases (Fig. 1.1). For instance, while the majority of acute
infections in resource-limited settings are acquired in the community [9], the inci-
dence of nosocomial infections such as catheter-related bloodstream infections or
ventilator-associated pneumonia is several fold higher in LMICs than in high-
income countries like the United States [13]. Similarly, only few data on sepsis
mortality in LMICs have so far been published. These suggest that sepsis-related
mortality greatly varies among regions and countries according to their income
level. The case fatality attributable to sepsis in HICs has been decreasing over the
last decades to 30-40% [5, 6], whereas case fatality rates of up to 80% continue to
be reported from resource-poor regions of the world [14—17].

1.2.2 Causative Pathogens and Pathogenesis

Although many bacterial pathogens causing sepsis in LMICs are similar to those in
high-income countries, resistance patterns to antimicrobial drugs can be very differ-
ent. It has been suggested that the high prevalence of multidrug-resistant bacteria,
including methicillin-resistant Staphylococcus aureus, extended spectrum beta-
lactamase-producing bacteria, carbapenamase-producing Enterobacteriaceae, and
Mycobacterium tuberculosis, contributes to the excess deaths observed in LMICs
caused by invasive infections with these bacteria, particularly among infants [13,
18]. Five countries with the highest burden of under five deaths (China, Nigeria,
Pakistan, India, and the Democratic Republic of the Congo) also have the highest
neonatal deaths from antimicrobial resistance [19]. The problems with antimicro-
bial resistance and its implications for the treatment of sepsis in LMICs have been
described before [4].

Whereas the majority of severe sepsis in HICs is caused by bacterial infections,
in LMICs, many of which are located in the tropics, causes of sepsis also include
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acute non-bacterial diseases, including protozoal diseases such as malaria, and viral
diseases such as measles, dengue, or viral hemorrhagic fevers. The international
literature mainly focuses on sepsis caused by invasive bacterial infections and the
associated systemic inflammatory response [20, 21]. Therefore, non-bacterial
causes are understudied, and the acquired knowledge on the pathophysiology and
treatment of sepsis may not be generalizable to these other causes of sepsis [22].

Previous sepsis definitions put a large emphasis on the “dysregulated response of
the host’s immune system” as the key element of the pathogenesis of sepsis [23, 24].
Although this will be generally correct, it ignores potential direct damaging effects
of certain pathogens or pathogen products, which can in particular play a role in
tropical diseases. For instance, in severe falciparum malaria, a blocked microcircu-
lation resulting from the sequestered infected red blood cell biomass is a direct
cause of vital organ failure [25]; and in dengue shock syndrome, virus proteins are
thought to directly damage the glycocalyx lining the endothelium [26, 27].
Intervening in these pathophysiological pathways will obviously require therapeutic
approaches different from those in bacterial sepsis.

1.2.3 Poor Availability of Critical Care

There is persisting substantial heterogeneity in ICU capacity around the world. In
Europe and Northern America, the ICU capacity is between 5 and 30 beds per
100,000 inhabitants. In LMICs, the scarce data available show ICU capacities that
are much lower, albeit quite variable [28]. For instance, in Asia the reported ICU
capacity is only 0.3 beds per 100,000 inhabitants in Bangladesh, 2.4 per 100,000
inhabitants in Malaysia, 2.5 per 100.000 inhabitants in Sri Lanka, and 3.9 per
100,000 inhabitants in China [29], but in contrast 11.7 adult and pediatric ICU beds
per 100,000 inhabitants in Mongolia [30]. Studies form several countries in sub-
Saharan Africa reported as few as 0.1-0.2 ICU beds per 100,000 inhabitants [31,
32]. With the exception of Mongolia [30] and Latin-American countries [33], almost
no data on the availability of dedicated pediatric ICU capacities have been pub-
lished for resource-limited settings [34].

We tend to look at LMICs as if they are “uniform,” but this is a too simplistic if
not naive approach. Within and between LMICs, there is an important heterogeneity
in the availability of intensive care, resourcing of ICUs, quality of services, and case
mix [35]. The rapidly expanding urban population in many LMICs will provide a
challenge for the current urban ICU capacity because of the associated increase in
case load [36].

Another problem in reporting ICU capacity is the lack of a commonly agreed
definition of an ICU or ICU bed [37, 38]. The spectrum of how ICUs are staffed and
equipped differs vastly between countries and regions. Table 1.1 summarizes pub-
lished evidence and personal experience of the authors in an attempt to categorize
different ICU structures worldwide. As surveys from various countries suggest, the
availability of ICU-related material resources directly correlates with the countries’
income level and healthcare spendings [7, 31, 32, 39-43]. The shortage of medical
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Table 1.1 Proposal for a categorization of intensive care units®

Category

Category IV—no
Proposed Category II—moderate Category IlI—severe | formal ICU
categories [—unrestricted | restrictions restrictions structure
Typical setting | High-income Higher-middle- Lower-middle and Rural areas
(not including countries income countries | low-income (major of low-
private settings) cities) countries income

countries

Formal ICU Yes Yes Partly No
structure/service
Availability of Widespread Irregular Rare Unavailable
specifically
trained
physicians and
nurses
Availability of | Unrestricted Moderate Severe restrictions Unavailable
ICU equipment restrictions (i.e., (i.e., basic
(i.e., patient irregular monitoring typically
monitor, maintenance of available, limited
mechanical equipment, number of
ventilator, renal limited mechanical
replacement availability of ventilators,
therapy) advanced widespread

treatment unavailability of

modalities such as | advanced treatment

RRT) modalities such as

RRT)

Availability of Unrestricted Mild restrictions Moderate restrictions | Severe
ICU drugs and restrictions
disposable
materials

Abbreviations: ICU intensive care unit, RRT renal replacement therapy
“The categories proposed here should not be seen as definite, but merely should serve as a starting
point of future thinking

professionals specifically trained in the care of acutely and critically ill patients is
another widespread and serious challenge for ICU services in many LMICs [31, 32,
39-42]. A notable exception to this is well-staffed and well-equipped ICUs in pri-
vate healthcare facilities. Such services can typically be found in some HICs and
LMICs, but these usually remain only accessible for those who can afford it.

The increasing but still low ICU capacity in poorer regions [44] implies that
access to ICU services for critically ill patients is usually severely limited. This
results in frequent triage decisions [32], which likely increases preventable mortal-
ity [45]. Even though costs of care in ICUs of resource-limited settings are only a
fraction of those encountered in HICs [46], expenses for ICU care are usually to a
large extent covered by the patient’s family and relatives in LMICs. Unwanted con-
sequences can be denial or refusal of ICU admission of poor patients, but also the
premature withdrawal of lifesaving interventions [47, 48]. In other instances, costs
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of care for a critically ill patient, who may eventually die, can exceed the limited
budget of many families leaving them with high debts or even causing private
bankruptcy.

1.2.4 Incomplete and Unadjusted Guidelines

The principle of “evidence-based medicine” is equally important in resource-
limited as in resource-rich settings. Development of local evidence is important,
since case mix and causes of sepsis, but also available infrastructure and facili-
ties, are essentially different from those in HICs. Resource-limited ICUs are
frequently limited in the availability of equipment, laboratory support, and
skilled physician and nursing staff. As a result, recommendations on sepsis
management in resource-poor settings, such as those developed by the Global
Intensive Care Working Group of the European Society of Intensive Care
Medicine (ESICM) [49], differ in several aspects from the Surviving Sepsis
Campaign guidelines, which were developed in high-income settings [50].
Obvious examples include targeting strict blood glucose levels with insulin,
which can be safe with frequent and reliable blood glucose monitoring, while it
is a dangerous strategy when the effects of insulin titrations are determined
infrequently or not at all. Other modifications in recommendations for sepsis
management could result from differences in the availability of and indications
for fluids in sepsis patients between resource-rich and resource-poor settings,
but also the cause of sepsis (see also Box 1.1).

Box 1.1: Availability of and Indications for Fluids in Sepsis Patients Differ
Between High-Income Countries and Low- and Middle-Income Countries
Intravenous infusion of fluids is a key intervention in patients with sepsis as
this syndrome frequently leads to intravascular hypovolemia from extravasa-
tion due to capillary leaking.

RESOURCE-RICH SETTINGS: physicians and nurses, independent from
each other, have free and unlimited excess to fluids for intravenous infusion,
which may facilitate a “too liberal” fluid approach leading to “overzealous”
fluid resuscitation known to be associated with worse outcome of sepsis
patients.

RESOURCE-POOR SETTINGS: usually there is a shortage of fluids for
intravenous fluids, decision on the amounts of fluids to be given is restricted
to attending physicians and not nurses, and the type of fluid chosen may
depend on its price (e.g., dextrose-containing fluids, such as 5% dextrose or
10% dextrose, are cheap and thus readily available, opposite to crystalloid
solutions); inadequate resuscitation, either because of too low or too late
given or wrong fluids infused, may worsen outcome of sepsis patients.
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FLUID THERAPY IN BACTERIAL SEPSIS: the recommendations on fluid
therapy in sepsis patients are largely built on evidence coming from random-
ized controlled trials in patients in RESOURCE-RICH SETTINGS, where
most patients do have BACTERIAL SEPSIS.

FLUID THERAPY IN NON-BACTERIAL SEPSIS: interestingly, random-
ized controlled trials including patients with severe falciparum malaria or
dengue shock syndrome suggest more restricted fluid therapy than recom-
mended for bacterial sepsis to be better. One major difference between
BACTERIAL SEPSIS and NON-BACTERIAL SEPSIS is that fluid bolus resus-
citation is not recommended in hyperlactatemic patients with severe falci-
parum malaria who are not hypotensive. Also, in dengue shock syndrome,
proper fluid management is pivotal to ensure a good outcome; fluid therapy in
dengue shock syndrome should ensure adequate circulating volume to sup-
port tissue perfusion, but avoid overfilling, which will cause interstitial edema,
which is in particular harmful in the lung.

Despite the importance of building “local” evidence, many aspects of existing
guidelines and basic principles of good critical care are universal. Access to ade-
quate information has improved massively in this cyber age, and several courses
(such as the BASIC for Developing Healthcare Systems courses developed by the
Chinese University of Hong Kong, Hong Kong, China, and Médecins Sans
Frontieres) are available. Theoretical knowledge of specialist doctors in developing
countries is often impressive, but translating this into practical implementation can
lag behind, which is an important scope for training. Training should not only be for
ICU physicians but also for nurses and other clinical personnel. It will be important
that education on sepsis management does not focus only on ICU staff but includes
medical schools, nursing schools, and training of other health workers, as many
sepsis patients in LMICs receive treatment outside an ICU. “Train-the-trainer”
models and fostering local champions for positive change are important to sustain
improvements of care.

1.3  Costs of Care in Sepsis
1.3.1 Expensive but Likely Cost-Effective Critical Care

The vast resources consumed by ICUs, up to a staggering 1% of total gross domes-
tic product in the United States [51], demand their subjection to explicit economic
cost-benefit considerations [52]. The literature from high-income settings has
indeed expanded over the past decade, demonstrating that many critical care inter-
ventions offer significant health returns with costs per quality-adjusted life year
(QALY) gained well below a threshold of US $50,000, indicative of a cost-effective
intervention in this context.



10 M. J. Schultz et al.

For countries in which more basic services are still relatively undeveloped, it
might be questioned whether investment in ICUs should take priority over the
strengthening of lower tiers of the healthcare system [53]. Irrespective of these con-
siderations, the reality is that in many growing economies, ICUs are increasing in
number [44], with virtually no evidence regarding the cost-effectiveness of their
services.

1.3.2 Costs of Critical Care Among Regions

One approach is to consider the evidence from HICs, with a much lower willingness
to pay the abovementioned threshold. Applying a threshold of US $4000 per QALY
gained [54] suggests that numerous ICU interventions and those for sepsis in par-
ticular [55-61] are likely to be cost-effective in ICUs in LMICs (Table 1.2). For
several reasons these cost-effectiveness ratios might be conservative in the context
of LMIC:s. First, the cost of ICUs in these countries is much lower than in HICs. The
two largest standardized multicountry reviews of critical care costs in high-income
settings estimated the cost per ICU day ranging from US $850 to US $3400 in 2015
[63, 64], with labor being the dominant cost driver (61% and 67%, respectively).
The proportional difference in labor costs between high-income countries and
LMICs will be similar to or higher than that of their respective gross domestic prod-
uct per capita [65]. This alone implies that the critical care costs in LMICs will be
less than a third that in HICs. Other costs, such as laboratory services (10% of total
critical care cost [64]), are also likely to be far lower for similar reasons, as well as
drug costs and cost-saving practices such as recycling of consumables [66]. In one
of the few costing analyses of an ICU from a LMIC, the total cost per ICU admis-
sion day in India was estimated at just over US $200 [67], between approximately 5
and 20% that for HICs.

However, also the absolute financial outlay per intervention multiplied by the
number of interventions is important to consider, in particular in LMICs. Even in a
wealthy country with a high threshold, its tolerance depends exquisitely on the
number of times it must spend the money, especially if up-front costs are high. In
other words, an intervention might appear cost-effective, but if it would have to be
applied to a massive portion of the public, the costs would still be perceived as
financially impossible. This also requires there is an effective system of triage in
place to see that these interventions are offered to patients who are most likely to
benefit, at times a challenge in LMICs.

Finally, we are uncertain whether applying a threshold of US $4000 per QALY
gained is one that could be promoted or generalized, as there is a large intra- and
inter-region variation in resources. Country- and ideally region-specific currency
conversions/purchase power parity comparisons should be made.
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Table 1.2 The cost-effectiveness of interventions for the management of severe sepsis
Cost/QALY
Author, year (in 2015
[Reference] | Cohorts (country) Intervention Conventional UsS $)
Huang et al. | Monte Carlo simulation of EGDT in ED Standard care | $3506—
2007 [57] patients with sepsis or ICU 8953
undergoing EGDT beginning
either in the ED or ICU
(USA)
Talmor Prospective cohort study of Integrated Standard care | $20,265
etal. 2008 | patients treated with an sepsis protocol (2015)
[61] integrated sepsis protocol
compared to controls (USA)
Lehmann Monte Carlo simulation of PCR and Traditional $3798
etal. 2010 sepsis episodes in ICU cultures cultures only
[60] patients with use of PCR with
cultures to identify the
causative organism and
initiate tailored antibiotic
therapy (EU)
Karlsson Prospective cohort study of ICU care for Standard care | $2664
et al. 2009 sepsis patients admitted to the | severe sepsis
[59] ICU who were followed for
2 years (Finland)
Jones et al. | Prospective before-after EGDT for Standard ED $6283
2011 [58] clinical trial to establish the sepsis in ED care for sepsis | (2015)
initiation of EGDT in the ED
prior to transfer to ICU for
newly admitted sepsis
patients (USA)
Suarez et al. | Prospective before-after Surviving Standard care | $7810
2011 [62] clinical trial to assess the sepsis protocol (2015)
impact of an educational for severe
program on adherence to sepsis
“Surviving Sepsis Campaign
Guidelines” (Spain)
Assuncao Prospective case-control EGDT Standard care | Dominant
etal. 2014 | analysis of patients treated
[55] with EGDT vs. standard care
(Brazil)
Harrison Markov model assessing PCT Standard Dominant
and Collins | cost-effectiveness of PCT as a diagnostic
2015 [56] diagnostic tool for bacterial techniques

infection in ICU patients
(USA)

Abbreviations: EGDT early goal-directed therapy, ED emergency department, /CU intensive care
unit, PCR polymerase chain reaction, PCT procalcitonin
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1.3.3 Benefit of Critical Care Among Regions

The mean age of adult patients admitted to ICUs in HICs is consistently higher than
those reported in LMICs. For example, in European ICUs, the mean age of adult
admissions is typically 55-66 years, much higher than the median age of 34 years
in a Rwandan ICU [68], the mean age of 32 years in one of the few ICUs in Uganda
[1], and the median age of 37, 51, and 49 years in ICUs in Bangladesh, Nepal, and
India [69]. Although not specified for admission diagnoses, it likely also reflects the
younger age of sepsis patients. This can be taken as an argument to invest in better
intensive care to save these young lives from an in principle treatable disease. Also,
in LMICs where social security networks are usually lacking, the loss of an indi-
vidual’s economic activity has far more extensive economic consequences for the
families involved.

By generalizing the evidence from HICs and considering the lower costs and
higher potential gains, there are strong indications that a wide range of critical care
services are likely to be cost-effective in LMICs. Unfortunately, there is a dearth of
evidence directly from these settings to confirm this. The only economic evaluation
of an ICU in Bosnia and Herzegovina concluded that critical care was highly cost-
effective in their setting [46]. A study from Brazil showed that the implementation
of a sepsis management protocol was associated with an absolute reduction of 18%
in mortality and with cost savings [55].

1.3.4 Impact of Certain Interventions Among Regions

Despite these suggestions that a broad range of ICU services could be cost-effective
in LMICs, there is also reason for caution. First, some interventions are likely to
have a much lower impact in poorly functioning environments than they might have
in resource-rich settings. For example, invasive monitoring in an ICU with poor
basic infection control could result in more harm than benefit. For this reason it is
imperative that basic standards of care are in place prior to introduction of costly
interventions whose effect might otherwise be compromised. Training programs to
improve the general quality of care that require no costly interventions have been
shown to have beneficial effects [69]. Second, while hypothetically cost-effectiveness
should correspond with affordability, in LMICs where health systems are often
fragmented and divided between the private and public sector and an abundance of
vertically funded health programs, this is often not the case. It is imperative there-
fore that only interventions with modest budgetary impacts are shortlisted for con-
sideration and those that have the greatest beneficial effects, with the lowest
incremental costs, are selected for implementation. Some such low-cost approaches
have been identified and should be prioritized for evaluation. Better surveillance
systems for local etiologies of sepsis and antimicrobial susceptibility patterns have
been recognized as a key requirement for improving the management of sepsis and
critical care [4], and a modeling-based economic evaluation supported the notion
that this is likely to be highly cost-effective [70].
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Likewise, the development and adaptation of LMIC-specific risk prediction
models have been shown to potentially outperform models widely used in high-
income settings like the frequently used Acute Physiology and Chronic Health
Evaluation Score and the Simplified Acute Physiology Score [68], which might not
even be feasible in many ICUs in LMICs. The same is true for scoring systems in
children, and scoring systems that are context relevant should also be explored
because the Predicted Risk of Mortality may underpredict mortality [71].

Critical care in general and a subset of specific interventions can be an efficient
use of scarce resources in LMICs. But despite the aforementioned lower costs, an
ICU admission, e.g., in India, would most likely represent a catastrophic expendi-
ture consuming over half the mean annual household income [44, 67] (see also: Box
1.2). As such facilities expand in LMICs and inevitably consume increasing
resources, it is imperative for health authorities to ensure these offer affordable and
cost-effective services while monitoring and continuing to seek opportunities to
improve the quality of critical care and their efficiency at low cost. This was exem-
plified by the United Kingdom in the late 1990s, where a countrywide initiative to
transform and modernize critical care was associated with a 10% reduction in mor-
tality at lower cost increases than would otherwise be expected [72].

Box 1.2: Critical Care Expenditure in Indian Hospitals

In India critical care services are offered in four broad types of hospitals, with
variable reimbursements. Variable reimbursements potentially lead to a great
diversity in care of the critically ill, especially those who tend to have an
extended ICU stay (i.e., longer than just a view days).

GOVERNMENTAL hospitals: the ICU bed, ventilation, and basic medica-
tions may be free of costs, but patient will need to spend out of pocket for
expensive medications like certain antibiotics and disposables and for the
family to stay in a distinct place (far) away from their homes. Often in a few
days, they will exhaust their meager finances after which their care will be
compromised.

PUBLIC CHARITY TRUST hospitals, including hospitals of private medi-
cal colleges: these hospitals have a mandate to provide free treatment to
patients below the poverty line. In addition, these hospitals also offer conces-
sional treatment under various governmental insurance schemes for poor
patients that, however, are mainly utilized for surgical patients and short-stay
patients like myocardial infarction and stroke. The insurance offered for sep-
sis is very meager and cannot cover more than the first few days in ICU. Patients
thus will need to spend out of pocket for expensive medications like certain
antibiotics and disposables and for the family to stay in a distinct place (far)
away from their homes.

PRIVATE CORPORATE hospitals: these will treat affording patients
either paying out of pocket or through some form of insurance. Except for
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the rich and very rich, in a week or two, such patient will exhaust their
finances and will then either be transferred to GOVERNMENTAL hospitals or
PUBLIC CHARITY TRUST hospitals. These transfers however are not easy
given scarcity of beds. Public charitable hospitals will generally have an
admission policy that will discourage patients that are deemed unsalvageable
or may require some form of limitation of therapy. GOVERNMENTAL hos-
pitals have to accept such patients, but here the bed crunch is often more
severe. This leaves patient and caregivers in a very difficult position and may
lead to withdrawal of care or discharge against medical advice.

Smaller PRIVATE NURSING HOMES: these may offer critical services for
selected patients, but this too follows a similar trajectory as that of the
PRIVATE CORPORATE hospitals, i.e., once patients’ finances are exhausted,
they need to be transferred.

1.4  Sepsis Research in Resource-Limited Settings
1.4.1 AYetLargely Untouched Research Agenda

With only 1.7% of all biomedical research publications originating in LMICs
[73], and a likely even greater disparity in critical care [44], both the needs and
the opportunities for critical care research are vast. Recent rigorous attempts to
quantify the global burdens of sepsis, infection, and respiratory failure confirm
a profound lack of epidemiologic critical illness data from LMICs, with the only
reliable data limited to single-center descriptions [68, 74—77]. The International
Severe Acute Respiratory and Emerging Infection Consortium (ISARIC), the
Global Intensive Care Working Group of the ESICM, and the Mahidol Oxford
Research Unit in Bangkok, Thailand, are three examples of groups working to
create the infrastructure for global epidemiologic data on critical illness, for use
both as baseline data at regular intervals and in preparation for disease out-
breaks [78].

Research on infectious diseases that lead to critical illness are perhaps the
most successful areas of investigation thus far, with impressive scientific advance-
ments in diseases such as malaria, tuberculosis, and melioidosis [79-81].
Defining and testing quality metrics are an area prioritized in both critical care
and global public health [82], but quality improvement in resource-limited ICUs
remains largely unexplored [44, 83]. The latter requires some ability to bench-
mark ICUs with severity of illness scores, also a nascent area of study [68].
Research into medical education models like the Human Resources for Health
program in Rwanda [84], decision support tools like the Checklist for Early
Recognition and Treatment of Acute IlINess (CERTAIN) [85], and Vital Signs
Directed Therapy [86] could help in better defining how to optimize knowledge
acquisition and application for providers in resource-limited settings.
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1.4.2 Challenges with Research in Resource-Restricted Settings

The realities of restriction in resources interact to create complex challenges to pro-
ducing quality critical care research. Many short-term multisite epidemiologic studies
depend on individual sites to participate without funding for the perceived minimal
data collection burden. However, staff at resource-constrained sites often cannot spare
even the short-term investment required to participate, and “standard” clinical data
such as arterial blood gas analyses and chest radiographs are often not available at
these sites [76, 78]. Likewise, multicenter clinical trials are significantly more expen-
sive to perform in resource-limited settings since baseline clinical or analytic infra-
structure of any sort cannot be assumed. Efforts to build resource capacity in research
and to ensure fair authorship opportunities also mean that research has two resource-
intensive and sometimes competing goals: that of developing local researchers with-
out prior training and that of producing high-quality research. An unintended
consequence of (appropriate) increasing involvement by local institutional review
boards is that lack of staffing and experience may lead to unnecessary delays in
research approvals. These resource barriers to collecting epidemiologic data are exac-
erbated by the fact that “critical illness” is not a laboratory-defined condition but
rather one that is often defined by the expensive resources used to treat it [28, 87].

Ethical considerations are complex as well. All participants in resource-limited
settings must be considered potentially “vulnerable” populations due to extreme
need and lack of health or research literacy. Deciding where equipoise exists for
interventions proven to work in high-resource settings in settings of low resources
is difficult. Asking the question, “How do we do this better given limited resources?”
uncomfortably raises the question “How do we increase resources and to what
extent are we obligated to do so?” Ethical considerations also include relationships
between local and foreign researchers, the latter who often bring financial and expe-
riential resources leading to unequal power dynamics and potential for abuse [88].
Allowing lower standards for publication for research originating in low-resource
settings has been considered in order to decrease some of the publication bias
toward resource-rich settings; however, it is not at all clear that publishing poor-
quality research that could impact clinical care is ethical or advisable.

1.5  Suggestions for the Future
1.5.1 Better Definition of Sepsis

The latest sepsis definition [89], which refers to sepsis as life-threatening organ
dysfunction caused by a dysregulated host response to infection, better reflects the
fact that sepsis can complicate any serious acute infection. As pointed out earlier,
direct damaging effects of the pathogen itself or its products can sometimes be the
main process. Consequently, research on sepsis treatment should not focus only on
immunomodulating strategies in bacterial sepsis but also on faster illumination of
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the pathogen and its products, which could be in particular relevant in certain non-
bacterial causes of sepsis like falciparum malaria, cryptococcal, and various viral
infections.

Another unmet need is to validate the various definitions for sepsis in more var-
ied populations, like children in LMICs, adults in LMICs, and areas where the caus-
ative pathogens of sepsis differ from Western countries where the present definitions
have been developed.

1.5.2 Better Research Infrastructures and Planning

Experience, resources, and human power are critical for building evidence, which
are not routinely available in resource-poor settings. The global critical care com-
munity should help building local clinical research capacities and contribute to
obtaining adequate funding. Engagement of a variety of stakeholders, including
local intensive care societies, healthcare authorities (e.g., ministries of health), and
universities, will be crucial in this respect [90]. There are large funding bodies, such
as the Wellcome Trust, that support several efforts, but additional funds are clearly
needed. Teaming up of researchers from established groups in HICs with local
groups in resource-limited settings has proven a good model, provided equal and
reciprocal relationships are guaranteed. Formulating essential topics for research
will be important and could benefit from increased networking between critical care
physicians from developing countries. This would also foster research networks
needed to perform adequately powered clinical trials. Requirements for quality
clinical research are not necessarily available in many LMICs, with often little
research infrastructure or human resources for research available. Hospitals and
their doctors can be overburdened by their service delivery tasks, leaving little room
for research. Offering a career path to clinical research physicians could free up
manpower for this important aspect of improving evidence-based critical care.
Priority settings and governance regarding financial resources for research and
implementation projects will become extremely important. Also, local institutions,
including ethical review boards, should help create an enabling environment for
research benefiting the local population, and not promote unnecessary barriers,
which is now at times the case.

1.5.3 Obtaining Relevant Evidence and Adapting Guidelines

Obtaining local intelligence on the most important causes of sepsis and the resis-
tance patterns of the infecting microorganisms is crucial to guide local empirical
antimicrobial treatment. Since microbiological capacity is often lacking in hospitals
in LMICs, research collaborations could help obtaining this evidence from strategi-
cally located sentinel study sites.

We need additional recommendations for those interventions not yet covered in
the published guidelines. Multicenter trials assessing clinical efficacy and
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effectiveness of new interventions and interventions known to be effective in
resource-rich settings are sorely needed, given differences in epidemiologic and
treatment contexts [44]. The Fluid Expansion As Supportive Therapy (FEAST) trial
on fluid resuscitation in febrile African children with shock demonstrates that these
trials are feasible and may yield unexpected results [91]. Networks of critical care
researchers are increasingly established in more resource-limited areas of the world,
which could lead to additional studies of this kind [44]. Beyond these broad areas of
research, specific subtypes deserve special attention in resource-limited settings.
Social determinants of disease and barriers to care are of particular relevance to all
research in resource-limited settings including intensive care [82]. While cost-
effectiveness analyses are arguably important in all environments without infinite
resources, their need is more acute in places with fewer resources to allocate [92].
Locally adapted prediction models can help ensure that interventions are targeted in
a cost-effective manner.

Another important area for critical care research is on developing templates for
expanding urban ICU capacity in fast-growing cities [36]. Setting-specific guid-
ance, instead of country-specific guidance on how to build and equip an ICU prob-
ably, is an additional and substantial area of research.

Finally, research on the process whereby scientific knowledge is translated into
improved quality of care, “global health delivery science,” gets at the immediate
challenge in patient care in resource-poor settings, the fact that so much of what is
known is not implemented effectively [82].

1.5.4 Opportunities

While the challenges are daunting, the opportunities are similarly impressive.
Outbreaks like Ebola have increased the drive for intensive care research in resource-
limited settings both by demonstrating how critical illness in these settings impacts
people in resource-rich settings and by highlighting the need for improved critical
care capacity in all areas of the world [93]. Interest in and funding for global health
have increased steadily over the last few decades, such that career path and funding
opportunities for HIC researchers are better than ever before. Researchers from
resource-limited settings now also have opportunities for high-quality training and
mentorship through programs, for example, through the Wellcome Trust or the UK
“Medical Research Council” schemes and the American Thoracic Society’s
“Methods in Epidemiologic, Clinical, and Operations Research” (MECOR) pro-
gram [94].

An example of building a research structure is one from India, where the Indian
Society of Critical Care Medicine initiated a “cloud-based database” called
“Customized, Health in Intensive care, Trainable Research, and Analysis (CHITRA)”
(http://www.isccm.org/chitra.aspx).

Finally, LMICs and HICs could mutually benefit from their research agendas;
HICs also gain from more LMIC research. For example, LMIC considerations
about direct pathogen effects could, in turn, generate better critical thinking about
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sepsis, from which both HICs and LMICs gain. Similarly, technologic innovation
under resource constraints can yield gains for all. Critical care could be ripe for this
at times called “frugal innovation” or “reverse innovation” concept [95]. Also, in
our personal experience [69], nurses from HICs who have worked in LMICs, and
even for a short time, are more cost-conscious than their colleagues.

1.6 Conclusions

Strategies to improve the quality of sepsis management in resource-poor settings
require consideration of disease-specific and setting-specific factors and meticulous
evaluation of the best way to adapt and deploy quality improvement initiatives.
Critical care, including sepsis management, is expensive but likely cost-effective in
LMICs, but we need to better understand what the true financial impact of critical
care is, both at a macro- and micro-economy level. Sepsis management in resource-
limited settings is a largely unexplored frontier with a clear mandate and exciting
opportunities for impact.
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and Safety of Interventions

in Resource-Limited Settings

Marcus J. Schultz, Martin W. Diinser, and Arjen M. Dondorp

2.1 Introduction

In 2014, the “Global Intensive Care Working Group” of the “European Society of
Intensive Care Medicine” (ESICM) and the “Mahidol Oxford Tropical Medicine
Research Unit” (MORU) in Bangkok, Thailand, decided to refine and rewrite the
guidelines for sepsis treatment in resource-limited settings as published in 2012 [1].
This chapter describes the development of eight sets of recommendations for care
of septic patients in resource-limited settings as published in Intensive Care
Medicine [2-8] and the Transactions of Royal Society of Tropical Medicine and
Hygiene [9] in 2016 and 2017.
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2.2 Heads and Subheads

The chairmen of the newly formed “Sepsis in Resource-Limited Settings” guide-
lines group, Marcus J. Schultz, Martin W. Diinser, and Arjen M. Dondorp, contacted
potential subgroup chairs (Table 2.1) for the development of eight sets of recom-
mendations focusing on (1) intensive care unit (ICU) organization and structure, (2)
sepsis recognition, (3) infection management, (4) tropical sepsis, (5) hemodynamic
monitoring and support, (6) ventilatory support, (7) general supportive care, and (8)
pediatric sepsis. The selection of subgroup chairs was based on interest in specific
aspects of sepsis and hands-on experience in ICUs in resource-limited settings. In
total, three subgroup chairs per set of recommendations were contacted. Marcus
J. Schultz, Martin W. Diinser, and Arjen M. Dondorp set out a protocol for the
appraisal of various aspects within each set of recommendations and discussed this
with the subgroup chairs.

2.3  Other Subgroup Members

The chairs of each subgroup recruited additional members for each set of recom-
mendations (Table 2.1). Alike selection of subgroup chairs, recruitment of group
members was based on interest in specific aspects of sepsis and hands-on experi-
ence in ICUs in resource-limited settings. Additional group members were appointed
by the group heads to address content needs for the development process. Several
group members had experience in “Grading of Recommendations, Assessment,
Development and Evaluation” (GRADE) process and the use of the GRADEpro
Guideline Development Tool [10].

2.4  Meetings

Initial Internet subgroup chair meetings established the procedures for literature
review and drafting of tables for evidence analysis. Subgroup chairs continued work
remotely via the Internet. Several meetings occurred at major international meet-
ings, teleconferences, and electronic-based discussions among subgroup chairs and
members from other subgroups.

In the first meetings, up to 10 clearly defined questions regarding specific aspects
of care for sepsis patients were formulated, using the GRADEpro Guideline
Development Tool [10]. These were reviewed for content and clarity by all sub-
group members. After the approval by the subgroup members, the subgroup chairs
split up, each one to seek for evidence for recommendations regarding three or four
of the specific questions posed, seeking help from the subgroup members in identi-
fying relevant publications where necessary. During this process, questions could be
combined or adjusted—in some cases extra questions were added. The subgroup
chairs summarized the evidence and formulated the recommendations after
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interactive telephone conferences. These were communicated among subgroup
members. After their approval, the subgroup chairs summarized the evidence in a
report, which was then sent for approval to all members of all eight subgroups.

2.5 Search Process

The search for literature followed the same methods as described for the develop-
ment of the Surviving Sepsis Campaign guidelines [11]. In case a question was
identical to one in those guidelines, the subgroup chairs searched for additional
articles, specifically (new) investigations or meta-analyses related to the questions,
in a minimum of one general database (i.e., MEDLINE, EMBASE) and the Cochrane
Libraries. Furthermore, subgroup members paid specific attention to identify publi-
cation originating in low- and middle-income countries.

2.6 Grading of Recommendations

The subgroup chairs followed the principles of the GRADE process as described for
the development of the Surviving Sepsis Campaign guidelines [11]. In short,
GRADE classifies the quality of evidence as high (grade A), moderate (grade B),
low (grade C), or very low (grade D) and recommendations as strong (grade 1) or
weak (grade 2). The factors influencing this classification are presented in Table 2.2.

Different from the grading of recommendations in the Surviving Sepsis Campaign
guidelines [11], the subgroup chairs paid extensive attention to several other factors
as used before, but now focusing on resource-limited settings, i.e., availability and
feasibility in resource-limited ICUs, affordability for low-resource ICUs, and last
but not the least its safety in resource-limited ICUs (Table 2.3).

A strong recommendation was worded as ‘“we recommend” and a weak recom-
mendation as “we suggest.” Some recommendations remained as ungraded best
practice statements, when in the opinion of the subgroup members, such

Table 2.2 Quality of evidence

A Randomized controlled trials High

B Downgraded randomized controlled trial(s) or upgraded Moderate
observational studies

C Observational studies Low

D Downgraded observational studies or expert opinion Very low

Factors that may decrease the strength of evidence: poor quality of planning and implementation
of available RCTs, suggesting high likelihood of bias; inconsistency of results, including problems
with subgroup analyses; indirectness of evidence (differing population, intervention, control, out-
comes, comparison); imprecision of results; and high likelihood of reporting bias

Factors that may increase the strength of evidence: large magnitude of effect (direct evidence, rela-
tive risk >2 with no plausible confounders); very large magnitude of effect with relative risk >5 and
no threats to validity (by two levels); and dose-response gradient
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Table 2.3 Strong versus weak recommendations®

What should be considered

Recommended process

High or moderate evidence

The higher the quality of evidence, the more likely a strong
recommendation

Certainty about the balance
of benefits vs. harms and
burdens

The larger/smaller the difference between the desirable and
undesirable consequences and the certainty around that
difference, the more likely a strong/weak recommendation

Certainty in or similar
values

The more certainty or similarity in values and preferences, the
more likely a strong recommendation

Resource implications

The lower/higher the cost of an intervention compared to the
alternative, the more likely a strong/weak recommendation

Availability and feasibility
in LMICs

The less available, the more likely a weak recommendation

Affordability for LMICs

The less affordable, the more likely a weak recommendation

Safety of the intervention
in LMICs

The less safe in an LMIC, the more likely a weak
recommendation

“In case of a strong recommendation, we use ‘“we recommend ...”; in case of a weak recommenda-
tion, we use “we suggest ...”

recommendations were clear, clinically relevant, likely to result in benefit, sup-
ported by indirect evidence, and unsuitable for a formal evidence generation and
review process (opportunity cost) [12].

2.7 Reporting

Each report was edited for style and form, with final approval by subgroup heads
and then by the entire “Sepsis in Resource-Limited Settings” guidelines group.
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3.1 Introduction

Published guidelines regarding optimal infrastructure and organization of intensive
care units (ICUs) are based on evidence primarily from resource-rich settings [1].
These guidelines may be less applicable to resource-limited settings [2]. ICUs
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around the world differ in available resources, and our working group [2] and others [1]
have different definitions what an ICU entails. In this chapter, we aim to answer
seven questions basic prerequisites for quality intensive care in resource-limited
settings: (1) Which healthcare professionals should provide care in ICUs in resource-
limited settings? (2) How should these healthcare professionals be trained? (3) How
should electricity be supplied to ICUs in resource-limited settings? (4) How should
oxygen be supplied to ICUs in resource-limited settings? (5) Which hygienic facili-
ties are fundamental in ICUs in resource-limited settings? (6) Which technical
equipment should be available in ICUs in resource-limited settings? (7) Which
quality measures to improve care should be implemented in ICUs in resource-
limited settings? We provide a series of simple, pragmatic recommendations for
optimizing ICU infrastructure and organization in resource-limited settings, with a
focus on adult ICUs (Table 3.1). Understanding the great variability of technical,
material, and human resources within and between these environments, each insti-
tution must determine the utility of implementing these recommendations based on
local capabilities.

3.2  Staffing

In resource rich settings, intensive care medicine has evolved into a multidisci-
plinary and team-based approach. Involvement of ICU physicians and other health-
care professionals results in better outcomes and reduces costs of care [3, 4].
Postgraduate training in the specialty of intensive care medicine is becoming more
commonplace for ICU physicians, ICU nurses, and even allied healthcare profes-
sionals in most high-income countries [5, 6]; training in intensive care medicine is
commonly available for physicians from different medical specialties. Most training
programs last at least 1 year and end with a national or international examination
[6]. Accreditation and certification in different sub-specialties (e.g., neuro-intensive
care) or examination techniques (e.g., echocardiography, lung ultrasound) can be
achieved in some countries [6].

Studies in resource-rich settings show that the physician—staffing model in use
affects outcomes of critically ill patients [7-9]. In comparison to a so-called open
ICU model, in which physicians from outside the ICU remain directly responsible
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Table 3.1 Recommendations for ICU infrastructure and organization in resource-limited settings
(with grading)

1

Staffing

We suggest that, if possible, ICUs use a closed-format model where physicians
specifically trained or experienced in intensive care medicine direct patient care
(2B). We further suggest that ICUs be staffed with nurses who are trained in
intensive care nursing (2C). Wherever available, allied healthcare professionals
(e.g., pharmacists) should be part of an ICU team (UG). Currently, no
recommendation on ICU telemedicine in resource-limited settings can be made

Training

We suggest that all healthcare professionals working in ICUs be specifically
trained in the care of the critically ill patient (2C). Unless national or regional
specialty training programs in intensive care medicine are available, we
suggest that training of ICU physicians, nurses, and allied healthcare
professionals occurs through longitudinal, multimodal programs coordinated
by partnerships between Ministries of Health, national and international
professional societies, nongovernmental organizations, as well as institutions
with well-established programs in ICU training (2D). We recommend that such
ICU training programs adhere to validated, international standards of intensive
care medicine, but that they be adapted to local needs and resources (1C)

Electricity

A stable electricity supply is an essential infrastructural component of an ICU
(UG). We recommend that ICUs use voltage stabilizers in case voltage
fluctuations endanger the function of electrical medical equipment (1D). We
recommend that adequate backup electrical sources be available to bridge
power cuts (1C). We suggest that these backup electrical sources take over
electricity supply automatically allowing for (near) continuous functioning of
life-sustaining medical equipment (2D). We recommend that ICUs with no
adequate backup electrical source have protocols in place guiding ICU staff
how to bridge life-sustaining therapies during power cuts (1D)

Oxygen

Oxygen therapy is an essential provision for critically ill patients, and an
adequate oxygen supply is a crucial infrastructural component of an ICU
(UG). We recommend that ICUs choose the type of oxygen supply
(concentrators, cylinders, centralized system) based on site-specific conditions
and requirements (1B). We suggest that, if feasible, oxygen be supplied by
centralized, piped systems to ICUs when mechanical ventilators are used (2D)

Hygiene

We recommend that ICUs have available an adequate number of and easily
accessible facilities for handwashing/hand hygiene (1A). We recommend hand
hygiene after each patient contact with an alcohol-based solution (1A).
Exception are hand hygiene in the context of Ebola virus disease requiring
chlorine-based solutions (1C) and Clostridium difficile requiring water and
soap. In case alcohol-based solutions are unavailable, we recommend using
soap and water for handwashing (1A). Alcohol hand rub solutions may be
produced locally and carried in small bottles by each healthcare worker (UG).
‘We recommend that non-sterile, clean examination gloves for self-protection
of medical staff be available (1C). Importantly, gloved hands can equally
transmit infectious pathogens; use of gloves does not replace the need for
subsequent hand hygiene (UG). We recommend the availability of masks,
caps, sterile gowns, sterile drapes, and sterile gloves for invasive procedures,
such as insertion of central venous catheters (1A). We recommend that ICUs
and hospitals in areas where highly contagious infectious diseases (e.g.,
tuberculosis, Ebola virus disease) are endemic have rapid access to adequate
quantities of personal protective equipment as recommended by the World
Health Organization and the Centers for Disease Control and Prevention (1C).
We suggest that hospitals develop individual policies and procedures for reuse
of disposable personal protective and other medical equipment (2C). When
ICUs are renovated or newly built, we suggest compliance with national and
international best-practice recommendations on ICU architectural design (2D)

(continued)
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Table 3.1 (continued)

6 | Equipment | Acquisition of technical equipment should be guided by local availability and
feasibility of routine maintenance (UG). We recommend basic vital signs
monitors (including electrocardiogram, respiratory rate, oscillometric blood
pressure, and pulse oximetry) available for each ICU bed (1C). We
recommend that ICUs have one or more mechanical ventilators available
(1C). These mechanical ventilators should also deliver noninvasive ventilatory
modes, measure tidal volume and airway pressures, and support oxygen
delivery (1B). We suggest that ICUs providing invasive ventilatory support
have the ability to measure end-tidal carbon dioxide (2C) and to perform
blood gas analysis (2C). We recommend that ICUs have point-of-care
capabilities for measuring blood glucose (e.g., glucometers) (1B). We
recommend that ICUs have capabilities for measuring blood lactate levels
(1B). We suggest that ICUs have available point-of-care ultrasound devices
(2C) and that key clinical staff undergo formal ultrasound training (2C)

7 | Quality ‘We recommend maintaining patient records and ICU documentation in
accordance with national regulations and requirements (1D). We suggest that
ICUs develop locally applicable bundles, protocols, and checklists to improve
quality of care (2C). We suggest that ICUs systematically collect quality and
performance indicators and participate in national/international benchmarking
projects (2C)

Abbreviations: /CU intensive care unit, UG ungraded

for the care of their patients, a so-called closed ICU model, in which one or more
physicians, usually trained in intensive care medicine, and exclusively based within
the ICU, become responsible for the critically ill patients, results in lower mortality
rates, shorter length of stay, and reduced costs of care [7].

Studies in resource-rich settings also show that the nurse—staffing model affects
outcomes of critically ill patients [10]. More nurses available per ICU bed improves
survival rates, particularly for patients at a high risk of dying [11], reduces postop-
erative [12] and infectious complications like ventilator-associated pneumonia [13],
and prevents medication errors [14]. A higher nurse-to-patient ratio is also indepen-
dently associated with a better compliance with, for example, sepsis care bundles
[15]. Notably, a higher nurse-to-patient ratio prevents burnout of nurses [16].
Studies in resource-rich settings also suggest that the presence of allied healthcare
professionals like pharmacists [17], respiratory or physical therapists [18], and
dieticians [19] within a multidisciplinary ICU team improves patient outcomes [3].
Furthermore, proactive communications with infectious disease specialists or
microbiologists favorably affect antibiotic use and costs [20].

Finally, so-called telemedicine in ICUs in resource-rich settings, mainly to solve
the problem of physician shortages during nighttime hours and in some ICUs with
low-intensity staffing [21], has been shown to improve early identification of
patients who deteriorate [22] and increases the number of interventions [23], but the
effect on ICU outcomes remains controversial [24] and costs of required techno-
logical infrastructure are high [25].

There is minimal evidence from resource-limited settings that ICU outcomes
improve after changing from an “open ICU model” to a “closed ICU model.” One
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before—after study from Thailand showed a 4% absolute mortality reduction (from
27.41023.4%, p = 0.03) and shortening of length of stay of 0.8 days (—1.3 to —0.25,
p <0.01) in a surgical ICU [26]. The reduction in mortality was greatest in patients
with a length of stay >48 h (22.7 vs. 13.9%, p < 0.01). A prospective before—after
study in a large university hospital in Turkey demonstrated a 4.5-fold reduction of
in-hospital mortality after introduction of the “closed ICU model” [27]. The sur-
vival effects were most prominent in patients requiring mechanical ventilation.
Postgraduate training programs in intensive care medicine for physicians have been
established in selected resource-limited settings such as India [28], Ethiopia [29],
Brazil [30], China [31], and South Africa [32], but the literature fails to report on
outcome changes after its establishment.

No studies have been published from resource-limited settings evaluating patient
outcomes related to nurse-to-patient ratios. Evidence from resource-limited settings
confirms the benefits of including pharmacists into the multidisciplinary ICU team
on patient outcomes [17]. Studies from China, Thailand, Jordan, Egypt, and Vietnam
demonstrated consistent reductions in medication costs [33—-35] and adverse events
[36] after involvement of a pharmacist in daily ICU practice. No studies on the
effects of including physicians from other backgrounds (e.g., infectious disease spe-
cialists) or allied healthcare professionals (e.g., psychologists, case managers, social
workers, respiratory therapists, dieticians, or physical therapists) into ICU teams in
resource-limited settings were identified by our search.

Data on implementation of telemedicine in resource-limited ICUs is minimal
despite reports of successful implementation in areas with a scarcity of specialists
[37]. Only one study, performed in India in patients with acute myocardial infarction,
showed a reduction in mortality following implementation of telemedicine [38].

Despite the trends indicating that a “closed ICU model” improves patient out-
comes in resource-limited ICUs, human resources are inconsistently available in
most of these settings. The number of physicians per 1000 inhabitants is substan-
tially lower in low- and middle- than high-income countries [39]. This leaves
many hospitals in resource-limited areas with a critical shortage of physicians,
particularly during off-hours, weekends, and holidays. From the authors’ experi-
ence, in some hospitals, a physician is completely absent during nighttime.
Patient care is then, for example, overseen by mid-level providers, such as clini-
cal officers.

No systematic data on the availability of physicians specialized in intensive care
medicine have been published for resource-limited settings. There also are no stud-
ies detailing the relevance of ICU training methods typically found in resource-rich
settings amid the different cultural and disease pattern contexts of resource-limited
settings. Despite the availability of specialty training programs in selected coun-
tries, regional data and the experience of the authors suggest that intensive care
specialists are unavailable in many ICUs in resource-limited settings [40]. Some
ICUs in sub-Saharan Africa are, for example, run and staffed by “anesthetic offi-
cers” (non-physicians with specific training in certain elements of anesthesia) in
close cooperation with surgeons, internal medicine specialists, and pediatricians
[41-44].



36 A. Papali et al.

The number of nurses per 1000 inhabitants is substantially lower in low- and
middle- than in high-income countries [45]. Consequently, the number of nursing
staff is limited in many ICUs in resource-limited settings [46]. Limited availability
of nursing staff in resource-limited ICUs naturally leads to low nurse-to-patient
ratios of often 1:4 or higher, particularly during off-hours and weekends. It can be
assumed that similar associations between nurse-to-patient ratios and outcomes
exist in resource-limited and resource-rich settings. However, given the general
shortage of nursing staff, especially those trained in intensive care nursing, it is
highly questionable whether cutoff values for nurse-to-patient ratios established in
resource-rich setting specific guidelines (e.g., 1:2) can be extrapolated to ICUs in
resource-limited settings. Allied healthcare professionals, such as physiotherapists
and dieticians, are usually unavailable in many, if not most, resource-limited ICUs
[40]. If these healthcare professionals are available in the hospital or even the ICU,
they are, in the experience of the authors, often not trained or experienced in caring
for the critically ill patient. Accordingly, dedicated critical care pharmacists are
uncommon in many resource-limited ICUs [47], and even if available, their pres-
ence during ICU rounds, where benefits are strongest [48], is limited [49]. In addi-
tion, high staff-related costs may strain or exceed tight budgets of hospitals and be
another reason why a multidisciplinary ICU model appears less feasible in resource-
limited than in resource-rich settings. In the absence of dedicated ICU staff, family
members often assume an important role in caring for the patient.

Increasing global Internet connectivity and the ubiquity of mobile phones could
facilitate low-cost ICU telemedicine and translate to rapid and accessible ICU con-
sultative services in some resource-limited settings [50]. However, related imple-
mentation and maintenance costs, unavailability of stable Internet coverage in many
rural or remote areas, and questions of credentialing and accountability for out-of-
country-based telemedicine providers remain ongoing challenges. Author experi-
ence suggests that telemedicine links between “sister hospitals,” one in a
resource-limited setting and one in a resource-rich setting, may provide meaningful
collaboration and educational opportunities on both sides. Finally, we could not
identify any safety considerations to the implementation of a multidisciplinary team
approach in ICUs in resource-limited settings.

We suggest that, if possible, ICUs use a closed-format model where physicians
specifically trained or experienced in intensive care medicine direct patient care
(2B). We further suggest that ICUs be staffed with nurses who are trained in inten-
sive care nursing (2C). Wherever available, allied healthcare professionals (e.g.,
pharmacists) should be part of an ICU team (ungraded). Currently, no recommenda-
tion on ICU telemedicine in resource-limited settings can be made.

3.3 Training

The care of the critically ill patient substantially differs from noncritically ill patients
and thus requires specific training of all healthcare professionals involved due to the
complex care requirements. High-performing ICUs are typically staffed with ICU
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physicians and nurses and allied health professionals who, in addition to general
training, have pursued further training in intensive care. Regulatory bodies in these
settings frequently consider specialty certification as a prerequisite to permanently
work in an ICU. However, formal intensive care specialty training programs are rare
or nonexistent in resource-limited settings. This lack of specialty education is likely
to translate into limited knowledge about the pathophysiology and diagnostic and
therapeutic management of critically ill patients [51]. It remains unclear how health-
care professionals working in ICUs in resource-limited settings, where no estab-
lished regional or national specialty education programs in intensive care medicine
exist, should be trained.

The majority of studies from resource-limited settings describe small-scale,
focused training courses in individual institutions and pre- and post-course tests of
knowledge. Four investigations, one in Ghana [52] and three in Sri Lanka [53-55],
were about regional or national training programs for physicians, ICU nurses, and
physical therapists. Dedicated courses in trauma and intensive care- and emergency
medicine-related procedures improve knowledge in “best clinical practice” of
healthcare professionals working in ICUs in resource-limited settings [56, 57].
Focused training programs that use well-established training models, such as the
“Fundamental Critical Care Support” course, facilitated immediate knowledge gain,
especially in junior clinicians or those with limited practical experience taking care
of critically ill patients [57]. However, data on influences on patient care and long-
term knowledge retention are limited. Intensive care-specific courses also demon-
strated benefit in allied health professionals in resource-limited settings [55].

A national train-the-trainers program for critical care nursing in Sri Lanka was
structured as seven educational blocks over a period of 18 months [53]. Using
didactics, simulation, and small group learning, by 2014, this program trained 584
nurses and 29 faculty and allowed local trainers eventually to take command of
course directorship. In Ghana, a countrywide continuing medical education course
in acute trauma management was developed, and targeting general practitioners in
rural hospitals showed significant knowledge retention and critical procedural skills
improvement even 1 year after course completion [52].

In locations where institutional, regional, or national courses are unavailable, the
use of mobile health technology to facilitate intensive care education and training is
of great interest. A pilot study in Haiti showed that non-physician ultrasound learn-
ers, linked to ultrasound instructors in the United States via mobile phone video chat
technology, can learn how to obtain clinically useful ultrasound images [58].
Validated e-learning methodologies are also in use to enhance critical care education
and capacity in Cambodia, although specific outcomes have yet to be declared [59].

Among nearly all available studies from resource-limited settings, a universal
theme is partnerships between an institution based in a resource-limited and one in
a resource-rich setting. These partnerships, when successful, can evolve from sim-
ple facility-to-facility ventures [60] to more longitudinal, systems-based programs
[61]. Whether approached vertically (institution-based) or horizontally (systems-
based), partnerships also permit local personnel in resource-limited settings to
advance knowledge or develop specific skill sets while remaining in their setting. In
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many cases, the goal is for the resource-limited settings partner to administer the
program independently. One successful example of such a horizontally integrated
program is the East African Training Initiative, a pulmonary/critical care fellowship
training program in Addis Ababa, Ethiopia [29]. In partnership with the Ethiopian
Ministry of Health, international professional societies, nongovernmental organiza-
tions, and a consortium of universities in Europe and North America, a growing
cadre of domestically trained intensive care physicians is now assuming leadership
roles in ICU education and clinical care in the country, where only a few years ago
no such opportunities existed. A similar project has been established successfully to
train nurses in emergency and critical care medicine in Ethiopia [62].

Dedicated and sustainable partnerships at national and international levels incor-
porating both vertical and horizontal planning, such as the East Africa Training
Initiative, require funding, enormous coordination, and sustained buy-in from
numerous parties with diverse interests. Consequently, such partnerships are likely
less feasible and more expensive to establish; however, they are more likely to have
lasting success. Partnerships between individual institutions in resource-limited set-
tings and professional societies in high-income countries are also possible but may
lack sustainability. A serious risk to such partnerships is “brain drain,” the emigra-
tion of well-trained and specialized healthcare workers from resource-limited to
resource-rich settings or from low- and middle-income to high-income countries
[40]. Solutions to the “brain drain” are complex and must involve systematic
national programs to facilitate return of well-educated emigrated healthcare profes-
sionals to their home countries.

Small-scale initiatives, such as intermittent, institution-level ICU training courses
like the “Fundamental Critical Care Support” course and others, are least likely to
provide long-term benefit given their temporary nature. The teaching content may
be difficult to implement in some resource-limited settings. Furthermore, start-up
costs for formal courses, especially the ones developed in high-income countries,
may exceed local budgets [52]. Focused critical care teaching courses, such as
BASIC for Developing Health Systems, which is free and nonproprietary, have been
developed and adjusted to resource-limited healthcare systems [63, 64]. Remote
education via telemedicine may play a role in the future to reduce costs and improve
availability of training options. We could not identify any published safety concerns
to the implementation of educational interventions in ICUs in resource-limited
settings.

We suggest that all healthcare professionals working in ICUs be specifically
trained in the care of the critically ill patient (2C). Unless national or regional spe-
cialty training programs in intensive care medicine are available, we suggest that
training of ICU physicians, nurses, and allied healthcare professionals occurs
through longitudinal, multimodal programs coordinated by partnerships between
Ministries of Health, national and international professional societies, nongovern-
mental organizations, as well as institutions with well-established programs in ICU
training (2D). We recommend that such ICU training programs adhere to validated,
international standards of intensive care medicine, but that they be adapted to local
needs and resources (1C).
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3.4  Electricity

Modern ICUs provide around-the-clock, life-sustaining therapies often by the use
of electricity-driven machines such as mechanical ventilators, syringe pumps, or
extracorporeal therapies. Unexpected power cuts interrupt these therapies and may
result in significant harm to or death of critically ill patients. Consistent and reliable
electrical power supply is therefore a key logistical requirement of every
ICU. However, electricity supply in resource-limited settings is often inconsistent.
Major challenges include wide voltage fluctuations, which are deleterious to
electricity-driven medical equipment. In many resource-limited settings, electrical
power cuts occur on a regular basis and backup electrical sources are frequently
absent. In a survey of 231 health centers in 12 African countries, only 35.1% of
facilities were reported to have a reliable electricity supply and 56.7% had a backup
power source such as a generator. The same survey showed that 16.5% of healthcare
facilities did not have any electricity supply [65]. From personal experiences of one
of the authors (AP) in 2011, the national public hospital in South Sudan sometimes
had to function without electricity for days, limiting hospital services to dispensing
medications and making already hot inpatient wards unbearable since fans were not
working. Basic clinical services during these periods were performed by flashlight
in the evening and not at all at night. Ensuring continuous electric supply is there-
fore imperative for ICUs to function effectively.

Voltage surges can be attenuated by installing voltage stabilizers into the main
electrical supply line(s) of the ICU. Power cuts can be bridged by backup electrical
sources, including batteries. Although multiple technical options exist (including
solar power sources), fuel- or diesel-driven generators are the most commonly avail-
able technical solution in resource-limited settings. It is important to install an elec-
trical backup source that provides adequate electrical power to supply essential
medical apparatus in the ICU (e.g., mechanical ventilators, oxygen concentrators,
syringe pumps delivering catecholamine agents) and other important machines
(e.g., air compressor supporting the pressurized air system). Even when such backup
power supplies are available, the time delay between mains power cut and startup of
the backup supplies can be a limiting factor. Since even brief power cuts cause elec-
trical equipment to shut down, backup sources that start automatically and immedi-
ately are crucial. Using battery-equipped equipment with short (30-60 min)
automatic emergency electrical supply can help to mitigate patient harm. If backup
sources must be started manually, protocols must be in place to guide ICU workers
how to act in response to abrupt interruptions of life-sustaining therapies. Such
protocols should ideally focus on three steps in a descending priority: (a) compensa-
tion of stopped mechanical ventilators (e.g., by manual bagging), (b) compensation
of stopped catecholamine infusions (e.g., by injecting adrenaline into gravity infu-
sions with titration of drops per minute), and (c) compensation of interrupted oxy-
gen supply if oxygen concentrators are used for oxygen supply (e.g., by activating
backup oxygen cylinders). It is important that these protocols can be implemented
during daylight and nighttime (e.g., availability of functioning flashlights is essen-
tial) and that the ICU staff, particularly the nurses and nurse assistants, is adequately
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trained to implement them. Periodic mock “drills” may help to ensure smooth
implementation in the event of an actual event.

Solar power has great potential for ICUs in resource-limited settings, especially
given that many of these settings are located in tropical, sunny environments. Solar
panel installation was associated with a significant reduction in mean inpatient pedi-
atric mortality in a single-center, retrospective, before-and-after observational study
in Sierra Leone [66]. An observational, proof-of-concept study in Uganda also dem-
onstrated improvements in physiologic variables related to respiratory failure after
solar panels were installed to power oxygen concentrators in a pediatric ICU [67].
These improvements were consistent even on cloudy days.

The greatest barrier to ensure adequate electrical supply to an ICU in a resource-
limited setting is financial. While voltage stabilizers are not costly and are readily
available even in resource-limited settings, generators and other backup power
sources are expensive, especially with automatic bridging functions. Diesel genera-
tors large enough to function through sustained power cuts require steady supply of
fuel, which itself can be cost-prohibitive or in short supply. Another commonly
faced challenge is maintenance of these systems, which requires technical expertise.
Particularly during nighttime when technicians are not readily available, the ICU/
hospital staff needs to be familiar with activation of the available backup power
source if activation does not occur automatically, a situation that poses logistical
and safety challenges when the primary concern is stabilization of critically ill
patients. When exposed to extreme weather conditions, generator malfunctions can
occur and require skilled local technicians for repair.

A stable electricity supply is an essential infrastructural component of an ICU
(ungraded). We recommend that ICUs use voltage stabilizers in case voltage fluctua-
tions endanger the function of electrical medical equipment (1D). We recommend
that adequate backup electrical sources be available to bridge power cuts (1C). We
suggest that these backup electrical sources take over electricity supply automati-
cally allowing for (near) continuous functioning of life-sustaining medical equip-
ment (2D). We recommend that ICUs with no adequate backup electrical source
have protocols in place guiding ICU staff how to bridge life-sustaining therapies
during power cuts (1D).

3.5 Oxygen

The World Health Organization considers oxygen fundamentally important and lists
it on page one of the Essential Medication List [67]. In 2015, the Lancet Commission
on Global Surgery revealed that approximately one quarter of hospitals surveyed in
resource-limited countries lack sufficient oxygen supply [68]. This analysis rein-
forced previous data reporting similar deficiencies in multiple resource-limited set-
tings across the world [65, 69, 70]. Since severity of hypoxemia correlates with
mortality [71] and often goes undiagnosed in resource-limited settings [72], ensur-
ing adequate oxygen supply to ICUs in resource-limited settings is of critical
importance.
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There are three commonly used methods to supply ICUs in resource-limited
settings with oxygen: oxygen cylinders, oxygen concentrators, and centralized,
piped oxygen systems [73]. Oxygen cylinders provide pressurized oxygen at
variably high flow rates but—depending on their size—only do so for a limited
period. They do not require electrical power supply but do require pressure regu-
lators and flowmeters to deliver oxygen safely to the patient. Oxygen cylinders
are purchased or rented from supply companies and refilled at central distribu-
tion points, often making long transportation times to (remote) healthcare facili-
ties necessary. They are generally easy to use, but problems include oxygen
leakage from the adaptors (varying from 10 to 70% of the entire cylinder oxygen
content), difficulty moving due to size and weight, and sometimes confusion
with the local color coding system [74]. Oxygen concentrators are devices which
purify oxygen (>90%) from ambient air by absorbing nitrogen onto zeolite mem-
branes. Most concentrators deliver oxygen flow rates of up to 6 L/min. While this
is typically enough to deliver oxygen noninvasively to (one to three) moderately
unwell neonates or small children, it may not be enough in critically ill older
children or adult patients. In contrast to oxygen cylinders, oxygen concentrators
depend on a continuous electrical power supply. They also require technical
maintenance including regular filter changes. Not all models of oxygen concen-
trators are technically suitable for sustained use in a tropical environment [75].
Centralized, piped oxygen systems typically deliver pressurized oxygen through
wall outlets to bed spaces in the ICU. These systems are supplied by either a
liquid oxygen tank, an oxygen concentrator, or several large oxygen cylinders.
Proper functioning of centralized oxygen systems depends on adequate engineer-
ing expertise and technical maintenance. Specifically, pipeline conditions (pres-
ence and severity of gas leak) and diameter (to ensure adequate gas flow),
compatible wall outlets, and the presence of shutoff valves must be considered.
All three modes of oxygen supply to an ICU require the presence of a backup
oxygen source in case of premature emptying (e.g., oxygen cylinders, centralized
oxygen system supported by oxygen cylinders), electrical power cuts (e.g., oXy-
gen concentrators), or technical defects (e.g., oxygen concentrators, centralized
oxygen system). In many resource-limited settings, oxygen cylinders are used as
backup oxygen systems.

Most modern mechanical ventilators depend on pressurized air and oxygen sup-
ply. Although oxygen cylinders may be used, doing so may require frequent
exchange, particularly at high minute volumes or inspiratory oxygen concentra-
tions. Therefore, centralized, pressurized oxygen and air systems appear most prac-
tical to run these types of ventilators. Selected types of mechanical ventilators and
the majority of noninvasive (home) ventilators generate their driving pressure by
internal air compressors and do not depend on a pressurized gas supply. When using
these ventilators, oxygen can be delivered to the Y-piece or the inspiration tubing
using either an oxygen cylinder or an oxygen concentrator. Oxygen concentrators
are unable to serve as a pressurized oxygen source to run mechanical ventilators but
can be used to enrich the oxygen concentration of inspiratory breaths delivered by
compressor-driven ventilators. Although the latter practice results in unclear
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inspiratory oxygen concentrations, the oxygen flow of the oxygen concentrator can
be titrated to achieve a desired blood oxygen saturation.

Taking the aforementioned conditions into account, the choice of the most appro-
priate method to supply an ICU with oxygen depends on site-specific requirements
and conditions. A non-ICU study from The Gambia found that cylinders were better
than concentrators due to local factors at 10 out of 12 hospitals studied. The authors
suggested that concentrators are most advantageous when electrical power is reli-
able; cylinders may be preferable when power supply is erratic but only when
weighed against substantial transportation and delivery costs [76]. Additionally,
oxygen concentrators cannot be used to run mechanical ventilators that depend on a
pressurized oxygen source as they generate insufficient oxygen flows and
pressures.

Installation and maintenance of oxygen systems in an ICU in a resource-limited
setting face multiple challenges. While oxygen cylinders are commonly available,
also in remote areas, oxygen concentrators are often not locally available and can
only be purchased in metropolitan areas or from overseas. Although some materials
to set up centralized oxygen systems are ubiquitously available (e.g., copper pipes),
key parts, such as wall outlets or liquid oxygen tanks, are not. Copper pipes are also
prone to theft [77]. Maintenance of all oxygen supply systems is frequently impeded
by financial constraints and a shortage of workers with sufficient training, equip-
ment, and technical experience [76].

A before—after study evaluated the feasibility and outcome effects of improved
oxygen delivery on case fatality rates of children with pneumonia admitted to five
hospitals in Papua New Guinea. After introduction of pulse oximeters to detect
hypoxemia and installation of oxygen concentrators, the risk of death for a child
with pneumonia was reduced by 35% [risk ratio 0.65 (CI 95%, 0.52-0.78) com-
pared to the time period before oximeters and oxygen concentrators were made
available]. The implementation costs were estimated to be USD $51 per patient
treated, USD $1673 per life saved, and USD $50 per disability-adjusted life year
averted [78]. Multiple studies from resource-limited settings demonstrated greater
cost reductions with oxygen concentrator systems compared to cylinders and gen-
erators. In Papua New Guinea, the overall 2-year cost estimate for cylinders, capa-
ble of producing 35,000 L/day, was approximately USD $205,000 when compared
to three oxygen concentrators (USD $82,400) and an oxygen generator system
(USD $390,000), both capable of producing 60,000 L/day, [73]. In The Gambia,
annual costs for cylinders at one hospital were USD $152,747 vs. USD $18,742 for
concentrators with 24 h availability of grid power [76]. A different 8-year, single-
center analysis from The Gambia estimated that installation of oxygen concentra-
tors with a reliable backup power supply saved 51% on oxygen supply costs
compared to cylinders (assuming 2 L/min flow rate). When accounting for air leaks
and the estimated costs of backup power supply maintenance, the authors estimated
total savings of USD $45,000 over 8 years [74]. Given regional variations in supply
chains, local engineering and maintenance capabilities, electrical power supply, and
other factors, these cost analyses cannot be applied uniformly to other resource-
limited settings. A decision support algorithm to determine the best mode of oxygen
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supply to an individual ICU in a resource-limited setting has been suggested by
some authors [76].

Oxygen is an essential medication for critically ill patients, and an adequate oxy-
gen supply is a crucial infrastructural component of an ICU (ungraded). We recom-
mend that ICUs in resource-limited settings choose the type of oxygen supply
(concentrators, cylinders, centralized system) based on site-specific conditions and
requirements (1B). We suggest that, when feasible, oxygen be supplied by central-
ized, piped systems to ICUs when mechanical ventilators are used (2D).

3.6 Hygiene

While healthcare-acquired infections are prevalent throughout the world, the burden
is highest in resource-limited settings. The World Health Organization estimates
that healthcare-associated infection rates are roughly 20 times higher in low- and
middle-income countries compared to high-income countries [79]. In ICUs specifi-
cally, a meta-analysis reported an overall incidence of ICU-associated infections of
47.9 per 1000 patient days in developing countries. This was three times greater
than the prevalence reported from the United States. Surgical site infections were
most common, but device-associated infections were highly prevalent as well [80].
Healthcare-associated infections can be transmitted via myriad mechanisms. Many,
if not most, can be prevented easily with simple measures. However, lack of hygienic
facilities, insufficient training of staff, and lack of administrative oversight (e.g., by
hospital-level and national-level infection control measures) are likely to contribute
to the deleteriously high rates of nosocomial infection rates in ICUs in resource-
limited settings [81].

In line with findings from resource-rich settings, several studies originating in
resource-limited settings suggest that hand hygiene is the most effective method of
reducing healthcare-acquired infections. Healthcare workers can contaminate hands
and medical devices with even a single contact with the patient or his/her immediate
surroundings. Contaminant transfer to other patients and healthcare workers is com-
mon if hand hygiene is inadequate or not performed [82]. Innumerable challenges
to improving hand hygiene in resource-limited settings have been identified, but
reasons vary from location to location [83]. Convincing evidence indicates that
implementation of multimodal hand hygiene programs can not only improve hand
hygiene compliance but also reduce ICU-acquired infection rates. A prospective
observational study involving 99 ICUs in 19 resource-limited countries demon-
strated a significant 23.1% overall increase in hand hygiene compliance after imple-
mentation of a multidimensional hand hygiene program involving administrative
support, supply availability, education and training, workplace reminders, process
surveillance, and performance feedback [84]. These findings have been replicated in
geographically diverse locations including India [85], China [86], and Mexico [87].
A prospective study in six Colombian ICUs demonstrated a significant reduction
(12.7% annually during the 4-year study period) in central line-associated blood-
stream infections after introduction of a targeted hand hygiene program that included
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installation of alcohol-based hand rub dispensers adjacent to each ICU bed and
regular feedback to healthcare workers [88]. In a Vietnamese tertiary ICU, the com-
bination of hand hygiene and antimicrobial mixing reduced MRSA infections sig-
nificantly, but not the incidence of the four hospital-acquired gram-negative
infections studied.

Several large studies from resource-limited and resource-rich countries reported
superior efficacy of hand rubbing with alcohol-based solutions over handwashing
with antiseptic soap to reduce hand contamination. A study including three Egyptian
ICUs and a renal dialysis unit found that hand rubbing with alcohol-based liquids or
gels resulted in a higher reduction of bacterial counts on the hands of ICU staff
compared to handwashing with soap and water (77-99% vs. 30%, p < 0.001) [89].
These results are in line with the findings of a randomized controlled trial conducted
in French ICUs that observed a 26% reduction in bacterial hand contamination
when using alcohol-based hand rub compared to soap and water [90].

During the West African Ebola virus disease outbreak, chlorine-based hand
hygiene was commonly used following patient encounters in Ebola treatment cen-
ters and in affected communities. This practice is supported by an observational
study conducted in Ebola treatment centers in Sierra Leone demonstrating elimina-
tion of Ebola virus RNA from contaminated personal protective equipment follow-
ing treatment with locally produced chlorine solutions [91]. Although this study did
not determine whether detection of Ebola RNA on personal protective equipment
translated to an increased risk of infection, it can be inferred that reducing contami-
nation is likely to decrease the risk of iatrogenic infection. Although frequent hand
hygiene with chlorine-based solution may increase skin irritation, the severity of
irritation is little different than with use of soap and water and alcohol-based solu-
tions based on a randomized trial comparing different handwash regimens [92].

Non-sterile, clean examination gloves function as a protective barrier for medical
staff who potentially encounter blood, body fluids, or other possibly infectious
material. The bacterial bioburden of non-sterile examination gloves is very low [93]
and does not differ between newly opened and nearly empty boxes [94]. A random-
ized controlled trial performed in US ICUs reported that the total bacterial colony
counts of gloved hands were not different if hand hygiene was performed before
non-sterile examination gloves were donned or not, suggesting that hand hygiene
before donning non-sterile gloves is unnecessary [95]. Several studies, however,
indicate that contaminated examination gloves can spread bacterial pathogens from
healthcare workers to patients [96]. Furthermore, examination gloves do not avoid
bacterial contamination of healthcare workers’ hands due to microlesions [97].
Based on these results, the WHO emphasizes that wearing gloves does not replace
the need for subsequent hand hygiene [83]. Reuse of medical examination or surgi-
cal gloves is commonplace in many resource-limited settings [ref], but the limited
studies available suggest that reprocessing and reuse of disposable gloves may be
harmful to patients and healthcare professionals. A laboratory-based study from
Kenya comparing sterility and physical integrity of reprocessed plastic surgical
gloves compared to new, sterilized surgical gloves demonstrated alarmingly reduced
physical integrity and sterility of the reprocessed gloves [98].
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A before—after study from Pakistan found that the use of (plastic) shoe covers
by medical staff and visitors was not helpful in preventing infections with com-
mon ICU pathogens or improving the outcome of critically ill patients [99].
Further infection control measures such as fogging and spraying of disinfectants,
the use of disinfection or sticky mats, and routine use of face masks or caps by
ICU staff or visitors have not been shown to influence infection rates in ICUs
[100]. No trials from resource-limited settings on the routine use of gloves, gowns,
and aprons to prevent nosocomial or cross infection in critically ill patients were
identified. Three large randomized trials from the United States concluded that the
universal use of gloves and gowns for all patient contact compared with usual care
(adequate hand hygiene and use of gloves in case of contact with blood, body
fluids, or other contaminants) did not reduce adverse events or the transmission
rate of multiresistant bacteria [101-103]. Similarly, a Cochrane meta-analysis pri-
marily consisting of studies from resource-rich settings could not identify evi-
dence that overgowns used by staff or visitors are effective in limiting death,
infection, or bacterial colonization in infants admitted to neonatal wards or inten-
sive care units [104].

Critically ill patients with known or suspected airborne, droplet, or contact infec-
tions require specific hygienic precautions. Although no randomized controlled tri-
als were identified by our literature search, (cohort) isolation of patients with
airborne (e.g., Mycobacterium tuberculosis) or droplet infections (e.g., influenza
virus, measles, varicella zoster virus, Neisseria meningitidis, coronavirus) in sepa-
rate rooms is recommended by international and national guidelines both in
resource-rich and resource-limited settings [105, 106]. In addition to standard
hygienic measures, adequate hand hygiene in particular, the use of masks has been
recommended to protect healthcare workers caring for (critically ill) patients with
acute respiratory infections. Despite surrogate exposure studies indicating that N95
respirators are associated with less filter penetration and inward leakage than surgi-
cal masks, large clinical trials and meta-analyses failed to show that N95 respirators
are superior to surgical masks in protecting healthcare workers against influenza
during routine care [107-109]. The Centers for Disease Control and Prevention
recommends use of N95 disposable, powered air-purifying, or self-contained
breathing apparatus respirators for healthcare workers caring for patients with
tuberculosis [110]. In addition to isolation, patients with highly contagious infec-
tious diseases, such as viral hemorrhagic fever or smallpox infection, require spe-
cific hygienic precautions. In its latest guidelines on personal protective equipment
for use in a filovirus disease outbreak, the World Health Organization recommends
the use of face shields or goggles, a fluid-resistant head cover and surgical mask,
double gloves, and protective body wear, as well as waterproof aprons and boots, in
addition to regular on-duty clothing [111].

A large before—after study in North America showed that the use of full-barrier
precautions during insertion of central venous catheters, in addition to adequate
hand hygiene when handling catheters, significantly reduced the risk of central
venous catheter-related bloodstream infections by up to 66% over the 18-month
study period [112]. Full sterile barrier precautions include the use of a cap, mask,
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sterile drapes, a sterile gown, and sterile gloves following adequate skin preparation
and hand hygiene; these components have not been studied separately. Other obser-
vational studies confirmed these findings and suggest that the rate of central venous
catheter-related bloodstream or other device-related infections can be minimized
with the use of appropriate hygienic precautions [113—-117].

No randomized controlled trials from resource-limited or resource-rich settings
on the architectural design of ICUs to prevent transmission of microbial pathogens
were identified by our search and a previous review of the literature [118]. A pro-
spective study from the United Kingdom reported that isolation of patients colo-
nized or infected with methicillin-resistant Staphylococcus aureus in single rooms
or cohorted bays did not reduce cross infection as long as adequate hand hygiene
measures were maintained [119]. In contrast, studies suggest that isolation of criti-
cally ill patients in rooms that are poorly visualized by staff is likely related to a
higher risk of death [120].

National and international guidelines recommend isolation of patients with
highly contagious infectious diseases (e.g., tuberculosis, influenza, measles, rubeola
infection, varicella zoster infection, hemorrhagic virus disease) or severe immune
suppression (e.g., neutropenia, burns, transplant) [106, 110]. Atmospheric pressure
in isolation rooms should be controllable to target negative pressure when isolating
patients with airborne infections and positive pressure when caring for patients who
require protective isolation [106, 110]. A survey-based study of 83 ICUs in resource-
limited Asian countries (Bangladesh, India, Nepal, Pakistan, and the Philippines)
found that 34 did not have single rooms and 64 did not have negative pressure rooms
[121]. A study from Peru reported that upper-room ultraviolet lights and negative air
ionization prevented most airborne tuberculosis transmission detectable by guinea
pig air sampling [122]. These observations have recently been confirmed by a study
from South Africa suggesting that upper-room ultraviolet light is an effective, low-
cost intervention for use in tuberculosis infection control in high-risk clinical set-
tings [123]. Regarding the architectural design of new or newly renovated ICUs,
consensus-based guidelines published by the Indian Society of Critical Care
Medicine recommend the installation of filter-containing central air-conditioning
systems with a minimum of six total air changes per room per hour (filter efficiency
99% down to 5 pm); clearly demarcated routes of traffic flow through the ICU;
adequate space around and between beds; an adequate number of washbasins; a
separate medication preparation area; separate areas for clean, soiled, and waste
storage/disposal; and adequate toilet facilities [124]. Alcohol hand rub dispensers
are recommended to be placed at the ICU entry and exits and at every bed space and
workstation [124].

Despite the clear evidence that the use of alcohol-based hand rub solutions
reduces the risk of infection transmission [83], commercial alcohol-based hand rubs
are often unavailable in resource-limited settings [82]. A study from Egypt suggests
that locally prepared alcohol-based hand rubs are similarly effective to commercial
products [89], so local preparation of these products may be feasible and potentially
more affordable than purchase of foreign-made products, with recipes readily avail-
able [125]. Locally produced chlorine-based handwashing solutions are also
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effective for decontamination in Ebola virus disease [92], but careful attention must
be paid to varying shelf lives among solutions of differing chemical composition,
especially in hot environments [126]. Hand hygiene dispensers are commonly used
to supply ICU workers in resource-rich countries with alcohol-based hand rub solu-
tions. These dispensers are, however, often unavailable or restricted to the operating
theaters in hospitals in resource-limited settings. In addition, they depend on regular
refilling by dedicated staff, which may be problematic in understaffed ICUs. In the
absence of adequate hand hygiene dispensers, small pocket bottles containing
alcohol-based hand rub solutions can be carried, used, and refilled by each ICU
worker (Fig. 3.1). A multifaceted hand hygiene program (including upgrading hand
hygiene facilities, provision of alcohol-based hand rub at point of care, hand hygiene
campaigns, continuous hand hygiene education) not only reduced the incidence of
hospital-acquired infections in 17 Vietnamese ICUs but also proved to be cost-
effective [127]. Although a cluster-randomized, crossover trial in rural Kenya failed
to show differences in surgical site infections between handwashing with alcohol or
soap and water (8.3 vs. 8%) in 3133 patients undergoing clean or clean-contaminated
surgery, the use of alcohol-based hand rubbing solutions was as feasible and afford-
able (€4.6 vs. €3.3 per week) as handwashing with soap and water [128]. Religious
beliefs do not influence the use of alcohol-based hand rub solutions for hand hygiene
but may impact implementation effectiveness [129].

Respirator masks are often unavailable and underused in resource-limited set-
tings where acute respiratory infections are highly prevalent. Given cost concerns
and the unclear scientific benefit of using N95 respirators compared with surgical
masks [107], it appears advisable that if N95 respirators are in short supply they
should be reserved to protect healthcare workers caring for patients with tuberculo-
sis or other airborne infectious diseases or when caring for patients with droplet-
spread infections during aerosol-generating procedures or when caring for patients
in very hot and humid environments for long periods when surgical masks may
become wet and ineffective (e.g., during the Ebola epidemic). Importantly, cloth

Fig. 3.1 Pocket bottles filled with alcohol-based hand rub for hand hygiene in ICUs in resource-
limited settings (Courtesy of Martin W. Diinser, MD)
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masks are prone to moisture retention and poor filtration when reused [130]. As sug-
gested by a randomized controlled trial, they should not replace surgical masks in
high-risk situations [131]. One striking challenge during the most recent Ebola
virus disease epidemic was the shortage of personal protective equipment faced by
healthcare workers caring for diseased patients in West Africa, as global fears of a
disease spread rose and resource-rich countries filled their stocks with protective
body suits. Since single-use, disposable sterile gowns and drapes, commonly used
for invasive procedures in ICUs in resource-rich settings, are expensive and mostly
unavailable in resource-limited countries, autoclavable gowns and cloths may be
used instead for the majority of common ICU illnesses. For Ebola virus disease, the
WHO empbhasizes use of disposable personal protective equipment [132].

We recommend that ICUs have available an adequate number of and easily
accessible facilities for handwashing/hand hygiene (1A). We recommend hand
hygiene after each patient contact with an alcohol-based solution (1A) or, for Ebola
virus disease specifically, with chlorine-based solution (1C). In case alcohol-based
solutions are unavailable, we recommend using soap and water for handwashing
(1A). Alcohol hand rub solutions may be produced locally and carried in small
bottles by each healthcare worker (ungraded). We recommend that non-sterile, clean
examination gloves for self-protection of medical staff be available (1C). Importantly,
gloved hands can equally transmit infectious pathogens and that the use of gloves
does not replace the need for subsequent hand hygiene (ungraded). We recommend
the availability of masks, caps, sterile gowns, sterile drapes, and sterile gloves for
invasive procedures such as insertion of central venous catheters (1A). We recom-
mend that ICUs and hospitals in areas where highly contagious infectious diseases
(e.g., tuberculosis, Ebola virus disease) are endemic have rapid access to adequate
quantities of personal protective equipment as recommended by the World Health
Organization and the Centers for Disease Control and Prevention (1C). We suggest
that hospitals develop individual policies and procedures for reuse of disposable
personal protective and other medical equipment (2C). When ICUs are renovated or
newly built, we suggest compliance with national and international best-practice
recommendations on ICU architectural design (2D).

3.7 Equipment

The very nature of an ICU warrants a higher reliance on technical equipment,
devices, and other technologies compared to the general medical ward. Irrespective
of the geographic location or level of resource limitation, technical equipment
constitutes an essential component of ICU-level patient care. What specific types
of technical equipment are essential, however, remains undetermined. In resource-
limited settings, multiple challenges in terms of equipment procurement and main-
tenance exist [133]. For example, can the technical equipment run with frequent
electric current interruptions? How reliable are the supply chains to obtain or replace
the equipment and are local technicians available for repairs? Is donated equipment
relevant in the local context and are clinicians educated on how to use it [134]?
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Given these considerations, resource-limited hospitals and health systems must find
and fund equipment purchase or donation sustainably and in the most targeted man-
ner possible.

No large clinical trial has so far shown a reproducible survival benefit related to
the use of a single monitoring device in critically ill patients. Monitors improve the
care of the critically ill only if healthcare staff make timely and appropriate changes
in the therapeutic management based on data from monitors. In view of the fact that
pathologic deviations of vital signs such as heart rate, respiratory rate, arterial blood
pressure, and arterial oxygen saturation are associated with an increased risk of
organ dysfunction and death [135-138], especially in settings where artificial life
support is inconsistently available [139-145], it appears sensible to measure these
parameters continuously or at regular intervals. A prospective, before-and-after
interventional study including 447 ICU patients in a Tanzanian university hospital
reported that a vital signs-directed therapy improved the acute management of
patients with abnormal vital signs. While overall in-hospital mortality was
unchanged before and after the intervention, critically ill patients with arterial hypo-
tension experienced a lower post-implementation mortality (69.2 vs. 92.3%,
p = 0.02; number needed to treat 4.3) [146].

No conclusive evidence—either from resource-limited or resource-rich set-
tings—was identified to answer the question whether noninvasive or invasive blood
pressure measurement is superior in critically ill patients. While a study performed
in critically ill patients in an emergency department in a resource-rich country
reported inaccuracy of oscillometric blood pressure measurements at hypotensive
blood pressure ranges [147], a prospective multicenter study from France found a
good discriminative power of noninvasive blood pressure measurements to identify
arterial hypotension (mean arterial blood pressure < 65 mmHg) and track arterial
blood pressure in 111 patients with shock [148]. A survey among US intensivists
observed that 73% and 47% of respondents reported using noninvasive blood pres-
sure measurements in hypotensive patients and patients on vasopressor support,
respectively [149].

A recent Cochrane meta-analysis could not identify convincing evidence that the
use of pulse oximetry conveys a significant survival benefit in perioperative patients
[150]. However, a large, multicenter, before-and-after intervention study from Papua
New Guinea observed a survival benefit associated with the systematic use of pulse
oximetry to monitor and treat children with pneumonia, when coupled with a reliable
oxygen supply [78]. In settings where blood gas analyzers are unavailable, the plethys-
mographic oxygen saturation relative to the inspiratory oxygen concentration (SpO,/
FiO, ratio) can be used for decision-making and continuous monitoring [151, 152].

A systematic review of the literature evaluated the benefit associated with the use
of portable ultrasound devices in low- and middle-income countries [153]. Although
several reports were identified describing the successful diagnosis, triage, and man-
agement of patients with complex, life-threatening conditions with the use of point-
of-care ultrasound, no randomized controlled trial has so far evaluated the impact of
ultrasound-guided diagnosis and treatment in resource-limited settings. A Haitian—
US study demonstrated that tele-mentoring of non-physicians performing
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ultrasound in a resource-limited setting was feasible and adequate to make clinical
decisions in the majority (89%) of cases [58].

Our literature search did not identify any randomized controlled trials evaluating the
effects of mechanical ventilators on mortality in critically ill patients both in resource-
limited and resource-rich settings. However, mortality of patients with hypoxemia who
do not receive mechanical ventilatory support is extremely high, suggesting that
mechanical ventilation associates with a survival benefit [152]. Observational evidence
from ICUs in Vietnam suggest that general intensive care measures, including mechan-
ical ventilation, can improve clinical outcomes [154, 155]. A structured ICU training
program that included modules on mechanical ventilation improved overall ICU mor-
tality in two of three ICUs in India, Nepal, and Bangladesh [156].

Reports from India and Africa confirm the feasibility of noninvasive ventilation in
resource-limited settings [157, 158]. A randomized controlled trial including four
rural hospitals in Ghana found that continuous positive airway pressure application
by local nurses significantly reduced respiratory rate and was not associated with
complications in 70 children with respiratory distress [159]. A randomized con-
trolled trial that was stopped early including 225 Bangladeshi children with severe
pneumonia and hypoxemia found that the use of bubble continuous positive airway
pressure reduced the risk of treatment failure and death compared with standard low-
flow oxygen therapy [160]. These results were confirmed by studies from India and
Malawi [161, 162]. No randomized controlled trials on the use of end-tidal carbon
dioxide monitoring in resource-limited settings were identified. Studies from both
resource-limited and resource-rich settings prove that end-tidal carbon dioxide mea-
surement is a reliable technique to verify endotracheal tube placement and an ade-
quate tool to monitor mechanical ventilation [163-165]. Although differences
between arterial and end-tidal carbon dioxide values are common and vary individu-
ally [166, 167], the trends over time appear helpful to guide mechanical ventilation,
particularly when arterial blood gas analyzers are unavailable [168—170].

Renal replacement therapy improves short- and long-term survival of patients
with severe acute renal injury [171, 172]. Recommendations regarding renal
replacement therapy for critically ill patients in resource-limited settings are dis-
cussed in another chapter in this book [173].

Abnormal blood glucose levels and increased blood lactate levels have both been
associated with increased mortality in the critically ill in resource-limited and
resource-rich settings [174-184]. A Ugandan multicenter study recorded an inci-
dence of hypoglycemia of 16.3% among 532 sepsis patients. In this study, hypogly-
cemia was an independent risk factor for in-hospital mortality and could not be
adequately predicted by clinical examination [185]. Hypoglycemia is a well-known
complication of malaria, particularly in children [186] and those treated with qui-
nine [187]. Although our literature search did not reveal a randomized controlled
trial showing that measurement of blood glucose is associated with improved out-
come, it is sensible to assume that detection of dysglycemic episodes is associated
with improved care. While studies from resource-limited settings suggest that
results of point-of-care methods to measure blood glucose levels are closely corre-
lated with those of laboratory measurements [188, 189], some studies from
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resource-rich settings have highlighted inaccuracies of point-of-care devices in
lower blood glucose ranges [190]. A recent international multicenter study, how-
ever, demonstrated that bedside blood glucose monitoring systems were acceptable
for use in critically ill patient settings when compared to a central laboratory refer-
ence method [191]. Similarly, lactate levels as measured by a point-of-care blood
lactate analyzer reliably predicted mortality in Ugandan sepsis patients [179], as
well as febrile children in Tanzania [180]. No randomized controlled trials from
resource-limited settings were identified evaluating the outcome effects of lactate
measurements or lactate-guided interventions in critically ill patients. Although lim-
ited by insufficient information size, a meta-analysis with sequential analysis of
randomized controlled trials originating in resource-rich countries suggested that
the use of lactate clearance as a goal to guide resuscitation was associated with a
reduction in the risk of death in adult patients with sepsis [192].

Similar to glucose and lactate measurement, our literature search failed to find
studies demonstrating improved outcomes for arterial or venous blood gas measure-
ment. A Swiss prospective observational study demonstrated that lower pH was an
independent predictor of 12-month mortality in emergency department patients pre-
senting with dyspnea, but arterial blood gas analysis itself had very limited diagnos-
tic value [193]. According to international consensus definitions developed in
high-income countries, measurement of the partial pressure of oxygen is required to
diagnose the acute respiratory distress syndrome (ARDS) [194]. Similar recom-
mendations have been made for sepsis-induced ARDS diagnosis in resource-limited
settings [152], supported by observational evidence to show that patients with
increasing severity of ARDS as determined by the arterial partial pressure of oxygen
to fraction of inspired oxygen ratio have higher mortality and higher noninvasive
ventilation failure rates [195].

The availability of vital signs monitors, mechanical ventilators, renal replace-
ment devices, and point-of-care tools in ICUs varies substantially between resource-
limited regions [196-204]. Several studies suggest that hospitals in middle-income
countries and metropolitan areas of low-income countries have more technical
equipment available than healthcare facilities in low-income countries and rural
areas [200-204]. Except for remote areas [202, 205], the availability of vital signs
monitors and glucometers appears consistently high; point-of-care laboratory facili-
ties and renal replacement equipment are strikingly unavailable in certain areas
[202-204]. Common challenges of installing and maintaining technical equipment
in ICUs in resource-limited settings are high investment costs depending on the
regional availability of medical retailers, the need for reliable electrical power sup-
ply, disposable materials (e.g., ECG electrodes, printer paper), as well as technical
maintenance and repair in case of device malfunction or breakdown [206]. A math-
ematical model based on cost-effectiveness threshold and the results of previous
studies concluded that the perioperative use of pulse oximeters is cost-effective in
resource-limited settings [207].

In addition to challenges faced with installation and maintenance of vital signs
monitors and as previously described, mechanical ventilators additionally require a
reliable oxygen and/or (pressurized) gas supply as well as structured training of
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healthcare staff. In contrast to invasive mechanical ventilation, noninvasive mechan-
ical ventilation appears to be feasible and safe in resource-limited settings after
short, structured education of ICU staff [159, 208]. A study from India even reported
that the use of noninvasive mechanical ventilation to treat patients with acute exac-
erbations of chronic obstructive pulmonary disease in non-ICU wards was both fea-
sible and cost-effective [209]. Although continuous positive airway pressure and/or
high-flow oxygen devices may be implemented in clinical practice with relatively
low implementation costs and a concise staff training, its maintenance may con-
sume high amounts of oxygen, particularly when used at high inspiratory oxygen
concentrations in adults. Oxygen requirements in children are substantially lower
due to lower minute ventilation.

Whereas both the implementation and maintenance costs to run point-of-care
glucometers in the ICU are low, other point-of-care laboratory facilities (e.g., blood
gas analyzers, including lactate measurements) critically depend on the local avail-
ability of (costly) supply materials (e.g., reactive agents), reliable electrical supply,
as well as regular maintenance by skilled laboratory or medical technicians.
Although cassette-based blood gas analyzers show a comparable accuracy to tradi-
tional blood gas analyzers [210] and require less technical maintenance, they are
associated with much higher costs, particularly when large amounts of blood sam-
ples are analyzed. Separate point-of-care devices measuring blood lactate levels
have been suggested as cheaper alternatives to blood gas analyzers in resource-
limited settings [189, 211]. Moreover, availability of blood gas analyzers is severely
limited [212], and contemporary evidence from resource-rich and resource-limited
settings suggest that arterial blood gas measurement may not be necessary to diag-
nose and to improve outcomes for ARDS [137, 213].

Acquisition of technical equipment should be guided by local availability and
feasibility of routine maintenance (ungraded). We recommend that ICUs have basic
vital signs monitors (including electrocardiogram, respiratory rate, oscillometric
blood pressure, and pulse oximetry) available for each ICU bed (1C). We recommend
that ICUs have one or more mechanical ventilators available (1C). These mechanical
ventilators should also deliver noninvasive ventilatory modes, measure tidal volume
and airway pressures, and support oxygen delivery (1B). We suggest that ICUs that
provide invasive ventilatory support have facilities available to measure end-tidal
carbon dioxide (2C) and to perform blood gas analysis (2C). We recommend that
ICUs have point-of-care capabilities for measuring blood glucose (e.g., glucometers)
(1B). We recommend that ICUs have capabilities for measuring blood lactate levels
(1B). We suggest that ICUs have available point-of-care ultrasound devices (2C) and
that key clinical staff undergo formal ultrasound training (2C).

3.8 Quality

The sepsis and intensive care literature is replete with examples of poor quality care
[51]. The great challenge is how best to improve quality of care for critically ill
patients in resource-limited settings when faced with countless financial, resource,
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and administrative constraints. A significant limitation is that sparse epidemiologic
data detailing sepsis presentation and management in resource-limited settings have
been published [214]. Without these data, it is difficult, if not impossible, to identify
effective interventions that work at the population level. Various authors have devel-
oped general roadmaps for the future [215], but specific interventions demonstrat-
ing convincing improvements in intensive care in resource-limited settings are still
lacking.

Regular documentation of the patient’s history of care is a medicolegal require-
ment in almost all healthcare systems. Medical records are the integral repository of
the patient’s disease course, healthcare planning, and documentation of communi-
cations with other healthcare providers, the patient, and his/her family. Furthermore,
medical records are used to assess compliance of care with institutional, national, or
international guidelines and regulations. Although electronic data documentation
has become commonplace in many ICUs in resource-rich settings and resulted in
improved accuracy and legibility of documents, a meta-analysis failed to show that
implementation of electronic medical records has a substantial effect on relevant
ICU outcomes such as mortality, length of stay, or costs of care [216]. Although
introduction of a daily goal form can improve communication between ICU health-
care professionals and possibly reduce ICU length of stay [217-221], a large, ran-
domized, controlled, multicenter trial from a resource-limited setting failed to
reproduce beneficial effects of a multifaceted quality improvement intervention
with daily checklists, goal setting, and clinician prompting on in-hospital mortality
of critically ill patients [222].

A multitude of quality improvement methods to implement and translate scien-
tific evidence into clinical care have been published. Education, audit and feedback,
protocols, bundles of care, and checklists are common tools studied to improve the
quality of ICU and sepsis care. Most reports originate in resource-rich settings. A
large nationwide educational effort to implement international sepsis guidelines
using two care bundles was associated with improved guideline compliance and
lower hospital mortality in Spain [223]. These results were confirmed by several
other reports [224, 225], indicating that a higher compliance with international sep-
sis guidelines was directly and significantly associated with improved survival
[226-228]. A large prospective interventional study in Uganda found that a bundled
protocol to implement early monitored sepsis management improved survival of
patients with severe sepsis in two hospitals [229]. A small observational cohort
study in Haiti demonstrated improved process measures in septic care after imple-
mentation of a simplified sepsis protocol developed by the World Health
Organization, although there was no mortality effect [230]. Similarly, two hospital-
wide, protocol-based quality improvement programs significantly reduced the rate
of catheter-associated urinary tract and catheter-associated bloodstream infections
in Thailand [231, 232]. Checklists have been implemented successfully to optimize
sepsis care [233] and high-risk procedures [234] in critically ill patients in resource-
rich settings. A large international quality improvement project based on checklists
to minimize preventable deaths, disability, and complications in critically ill patients
is underway and includes several ICUs based in resource-limited settings [235].
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Benchmarking is another accepted quality improvement concept in healthcare to
identify performance gaps and to improve the quality of care based on anonymous
comparison of quality indicators with other institutions and services. Although mul-
tiple benchmarking projects and ICU registries exist in resource-rich countries, no
evidence currently supports that they translate into improved patient outcomes. A
reduction in the standardized mortality ratio in Dutch ICUs occurring concurrently
with the Dutch national benchmarking activities suggests that benchmarking of ICU
performance indicators is a promising tool to improve quality of ICU care [236].
Quality and performance indicators of ICUs have been published by national and
international societies in both resource-rich and resource-limited settings [237-
239]. While several national and international ICU registries and benchmarking
projects exist in resource-rich countries [240], only a few national ICU registries
exist in resource-limited settings, such as Sri Lanka [241] and Malaysia [242].
Similarly, internal and external clinical audits have been suggested as promising
methods to improve quality of ICU care in resource-rich countries [243, 244], but
consistent data from resource-limited settings are lacking.

Although implementation of protocols, bundles, and checklists into clinical prac-
tice requires a variable amount of funding, preliminary results of studies from
resource-limited settings suggest that these interventions may prevent adverse events
and complications [231, 232]. A delicate and important challenge of implementing
protocols, care bundles, and checklists into clinical practice in ICUs in resource-
limited settings is the lack of safety data. Different disease pathologies, as well as
absent treatment options (e.g., airway protection and mechanical ventilation), could
well explain why certain interventions that were shown to improve patient outcome
in resource-rich settings increased morbidity and mortality in resource-limited set-
tings [215, 245-247]. This underlines the urgent need to test the efficacy and safety
of adjusted care bundles and protocols to improve care of critically ill and sepsis
patients in settings where resources are constrained [215, 248]. Another consider-
ation is that quality control measure implementation may divert financial resources
from clinical care. Although long-term reduction savings may occur due to avoid-
ance of adverse events, the up-front expenditure may prove burdensome.

We recommend maintaining patient records and ICU documentation in accor-
dance with national regulations and requirements (1D). We suggest that ICUs
develop locally applicable bundles, protocols, and checklists to improve quality of
care (2C). We suggest that ICUs systematically collect quality and performance
indicators and participate in national/international benchmarking projects (2C).

3.9 Conclusions

We provide a series of simple, pragmatic recommendations for optimizing ICU
infrastructure and organization in resource-limited settings. Understanding the great
variability of technical, material, and human resources within and between these
environments, each institution must determine the utility of implementing these rec-
ommendations based on local capabilities. Given the paucity of evidence, there
remains a clear need for additional studies from resource-limited settings.



3

Infrastructure and Organization of Adult Intensive Care Units in Resource-Limited... 55

References

—_

10.

11.

12.

16.

. Marshall JC, Bosco L, Adhikari NK, Connolly B, Diaz JV, Dorman T, et al. What is an
intensive care unit? A report of the task force of the World Federation of Societies of
Intensive and Critical Care Medicine. J Crit Care. 2017;37:270-6. https://doi.org/10.1016/j.
jere.2016.07.015.

. SchultzMJ, Dunser MW, Dondorp AM, Adhikari NK, Iyer S, Kwizera A, et al. Global Intensive
Care Working Group of the European Society of Intensive Care Medicine. Current challenges
in the management of sepsis in ICUs in resource-poor settings and suggestions for the future.
Intensive Care Med. 2017;43:612-624. https://doi.org/10.1007/s00134-017-4750-z.

. Yoo EJ, Edwards JD, Dean ML, Dudley RA. Multidisciplinary critical care and intensivist
staffing: results of a statewide survey and association with mortality. J Intensive Care Med.
2016;31:325-32. https://doi.org/10.1177/0885066614534605.

. Wilcox ME, Chong CA, Niven DJ, Rubenfeld GD, Rowan KM, Wunsch H, et al. Do inten-
sivist staffing patterns influence hospital mortality following ICU admission? A systematic
review and meta-analyses. Crit Care Med. 2013;41(10):2253-74. https://doi.org/10.1097/
CCM.0b013e318292313a.

. Barrett H, Bion JF. An international survey of training in adult intensive care medicine.
Intensive Care Med. 2005;31(4):553-61. https://doi.org/10.1007/s00134-005-2583-7.

. CoBaTrICE Collaboration. The educational environment for training in intensive care medi-
cine: structures, processes, outcomes and challenges in the European region. Intensive Care
Med. 2009;35(9):1575-83.

. van der Sluis FJ, Slagt C, Liebman B, Beute J, Mulder JW, Engel AF. The impact of open
versus closed format ICU admission practices on the outcome of high risk surgical patients:
a cohort analysis. BMC Surg. 2011;11:18.

. Kerlin MP, Adhikari NK, Rose L, Wilcox ME, Bellamy CJ, Costa DK, et al. ATS Ad Hoc
Committee on ICU Organization. An official American Thoracic Society Systematic review:
the effect of nighttime intensivist staffing on mortality and length of stay among intensive
care unit patients. Am J Respir Crit Care Med. 2017;195(3):383-93.

. Banerjee R, Naessens JM, Seferian EG, Gajic O, Moriarty JP, Johnson MG, et al. Economic

implications of nighttime attending intensivist coverage in a medical intensive care unit. Crit

Care Med. 2011;39(6):1257-62.

Bray K, Wren I, Baldwin A, St Ledger U, Gibson V, Goodman S, et al. Standards for nurse

staffing in critical care units determined by: The British Association of Critical Care Nurses,

The Critical Care Networks National Nurse Leads, Royal College of Nursing Critical Care

and In-flight Forum. Nurs Crit Care. 2010;15(3):109-11.

West E, Barron DN, Harrison D, Rafferty AM, Rowan K, Sanderson C. Nurse staffing,

medical staffing and mortality in intensive care: an observational study. Int J Nurs Stud.

2014;51(5):781-94.

Dang D, Johantgen ME, Pronovost PJ, Jenckes MW, Bass EB. Postoperative complications:

does intensive care unit staff nursing make a difference? Heart Lung. 2002;31(3):219-28.

. Hugonnet S, Uckay I, Pittet D. Staffing level: a determinant of late-onset ventilator-associated
pneumonia. Crit Care. 2007;11(4):R80.

. Valentin A, Capuzzo M, Guidet B, Moreno R, Metnitz B, Bauer P, et al. Research Group on
Quality Improvement of the European Society of Intensive Care Medicine (ESICM); Sentinel
Events Evaluation (SEE) Study Investigators. Errors in administration of parenteral drugs in
intensive care units: multinational prospective study. BMJ. 2009;338:b814.

. Kim JH, Hong SK, Kim KC, Lee MG, Lee KM, Jung SS, et al. Influence of full-time inten-

sivist and the nurse-to-patient ratio on the implementation of severe sepsis bundles in Korean

intensive care units. J Crit Care. 2012;27(4):414.e11-21.

Cho SH, Yun SC. Bed-to-nurse ratios, provision of basic nursing care, and in-hos-

pital and 30-day mortality among acute stroke patients admitted to an intensive care

unit: cross-sectional analysis of survey and administrative data. Int J Nurs Stud.
2009;46(8):1092—-101.


https://doi.org/10.1016/j.jcrc.2016.07.015
https://doi.org/10.1016/j.jcrc.2016.07.015
https://doi.org/10.1007/s00134-017-4750-z
https://doi.org/10.1177/0885066614534605
https://doi.org/10.1097/CCM.0b013e318292313a
https://doi.org/10.1097/CCM.0b013e318292313a
https://doi.org/10.1007/s00134-005-2583-7

56

A. Papali et al.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

. Chant C, Dewhurst NF, Friedrich JO. Do we need a pharmacist in the ICU? Intensive Care
Med. 2015;41(7):1314-20.

Engel HJ, Tatebe S, Alonzo PB, Mustille RL, Rivera MJ. Physical therapist-established inten-
sive care unit early mobilization program: quality improvement project for critical care at the
University of California San Francisco Medical Center. Phys Ther. 2013;93(7):975-85.
Braga JM, Hunt A, Pope J, Molaison E. Implementation of dietitian recommendations for
enteral nutrition results in improved outcomes. J Am Diet Assoc. 2006;106(2):281-4.
Rimawi RH, Mazer MA, Siraj DS, Gooch M, Cook PP. Impact of regular collaboration
between infectious diseases and critical care practitioners on antimicrobial utilization and
patient outcome. Crit Care Med. 2013;41(9):2099-107.

Pronovost PJ, Angus DC, Dorman T, Robinson KA, Dremsizov TT, Young TL. Physician
staffing patterns and clinical outcomes in critically ill patients: a systematic review. JAMA.
2002;288(17):2151-62.

Siebig S, Kuhls S, Imhoff M, Langgartner J, Reng M, Scholmerich J, et al. Collection of
annotated data in a clinical validation study for alarm algorithms in intensive care—a meth-
odologic framework. J Crit Care. 2010;25(1):128-35.

Weiss CH, Moazed F, McEvoy CA, Singer BD, Szleifer I, Amaral LA. Prompting physicians
to address a daily checklist and process of care and clinical outcomes: a single-site study. Am
J Respir Crit Care Med. 2011;184(6):680-6.

Wilcox ME, Adhikari NK. The effect of telemedicine in critically ill patients: systematic
review and meta-analysis. Crit Care. 2012;16(4):R127.

Berenson RA, Grossman JM, November EA. Does telemonitoring of patients—the eICU—
improve intensive care? Health Aff (Millwood). 2009;28(5):w937—-47.

Chittawatanarat K, Pamorsinlapathum T. The impact of closed ICU model on mortality in
general surgical intensive care unit. ] Med Assoc Thail. 2009;92(12):1627-34.

Topeli A, Laghi F, Tobin MJ. Effect of closed unit policy and appointing an intensivist in a
developing country. Crit Care Med. 2005;33(2):299-306.

Prayag S. ICUs worldwide: critical care in India. Crit Care. 2002;6(6):479-80.

Sherman CB, Carter EJ, Braendli O, Getaneh A, Schluger NW. The East African Training
Initiative. A model training program in pulmonary and critical care medicine for low-income
countries. Ann Am Thorac Soc. 2016;13(4):451-5.

Livianu J, Orlando JM, Giannini A, Terzi RG, Moock M, Marcos C, et al. Organization and
staffing of intensive care units in Brazil. Crit Care. 2000;4(1):P219.

Du B, Xi X, Chen D, Peng J, China Critical Care Clinical Trial Group (CCCCTG). Clinical
review: critical care medicine in mainland China. Crit Care. 2010;14(1):206.

Mathivha LR. ICUs worldwide: an overview of critical care medicine in South Africa. Crit
Care. 2002;6(1):22-3.

Jiang SP, Zheng X, Li X, Lu XY. Effectiveness of pharmaceutical care in an intensive care
unit from China. A pre- and post-intervention study. Saudi Med J. 2012;33(7):756-62.
Saokaew S, Maphanta S, Thangsomboon P. Impact of pharmacist’s interventions on cost of
drug therapy in intensive care unit. Pharm Pract (Granada). 2009;7(2):81-7.

Aljbouri TM, Alkhawaldeh MS, Abu-Rumman AE, Hasan TA, Khattar HM, Abu-Oliem
AS. Impact of clinical pharmacist on cost of drug therapy in the ICU. Saudi Pharm J.
2013;21(4):371-4.

Wang T, Benedict N, Olsen KM, Luan R, Zhu X, Zhou N, et al. Effect of critical care phar-
macist’s intervention on medication errors: a systematic review and meta-analysis of obser-
vational studies. J Crit Care. 2015;30(5):1101-6.

Hassibian MR, Hassibian S. Telemedicine acceptance and implementation in developing
countries: benefits, categories, and barriers. Razavi Int J Med. 2016;4(3).

Gupta S, Dewan S, Kaushal A, Seth A, Narula J, Varma A. eICU reduces mortality in STEMI
patients in resource-limited areas. Glob Heart. 2014;9(4):425-7.

The World Bank. https://data.worldbank.org/indicator/SH.MED.PHYS.ZS?view=chart.
Accessed 15 July 2017.

Crisp N, Chen L. Global supply of health professionals. N Engl ] Med. 2014;370(10):950-7.


https://data.worldbank.org/indicator/SH.MED.PHYS.ZS?view=chart

3

Infrastructure and Organization of Adult Intensive Care Units in Resource-Limited... 57

41

42.

43.

44.

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

8.

59.

60.

. Rice B, Periyanayagam U, Chamberlain S, Dreifuss B, Hammerstedt H, Nelson S, et al.
Mortality in children under five receiving nonphysician clinician emergency care in Uganda.
Pediatrics. 2016;137(3):¢20153201.

Chamberlain S, Stolz U, Dreifuss B, Nelson SW, Hammerstedt H, Andinda J, et al. Mortality
related to acute illness and injury in rural Uganda: task shifting to improve outcomes. PLoS
One. 2015;10(4):e0122559.

Baker T, Lugazia E, Eriksen J, Mwafongo V, Irestedt L, Konrad D. Emergency and critical
care services in Tanzania: a survey of ten hospitals. BMC Health Serv Res. 2013;13:140.
Jochberger S, Ismailova F, Lederer W, Mayr VD, Luckner G, Wenzel V, et al. “Helfen
Beriihrt” Study Team. Anesthesia and its allied disciplines in the developing world: a nation-
wide survey of the Republic of Zambia. Anesth Analg. 2008;106(3):942-8, table of contents.
The World Bank. https://data.worldbank.org/indicator/SH.MED.NUMW.P3?view=chart.
Accessed 15 July 2017.

Munyiginya P, Brysiewicz P, Mill J. Critical care nursing practice and education in Rwanda.
Southern African J Crit Care. 2016;32(2):55.

Marshall JC, Bosco L, Adhikari NK, Connolly B, Diaz JV, Dorman T, et al. What is an inten-
sive care unit? A report of the task force of the World Federation of Societies of Intensive and
Critical Care Medicine. J Crit Care. 2017;37:270-6.

Klopotowska JE, Kuiper R, van Kan HJ, de Pont AC, Dijkgraat MG, Lie-A-Huen L, et al.
On-ward participation of a hospital pharmacist in a Dutch intensive care unit reduces pre-
scribing errors and related patient harm: an intervention study. Crit Care. 2010;14(5):R174.
https://doi.org/10.1186/cc9278.

Riviello ED, Letchford S, Achieng L, Newton MW. Critical care in resource-poor settings:
lessons learned and future directions. Crit Care Med. 2011;39(4):860-7.

Levine AR, Robertson TE, Papali A, Verceles AC, McCurdy MT. Tele-medicine and point-of-
care ultrasound: a new paradigm for resource-constrained settings. Chest. 2016;149(6):1580-1.
. Papali A, McCurdy MT, Calvello EJ. A "three delays" model for severe sepsis in resource-
limited countries. J Crit Care. 2015;30(4):861.9-14.

Mock CN, Quansah R, Addae-Mensah L, Donkor P. The development of continuing educa-
tion for trauma care in an African nation. Injury. 2005;36(6):725-32.

Stephens T, De Silva AP, Beane A, Welch J, Sigera C, De Alwis S, et al. Capacity building
for critical care training delivery: development and evaluation of the Network for Improving
Critical care Skills Training (NICST) programme in Sri Lanka. Intensive Crit Care Nurs.
2017;39:28-36.

De Silva AP, Stephens T, Welch J, Sigera C, De Alwis S, Athapattu P, et al. Nursing intensive
care skills training: a nurse led, short, structured, and practical training program, developed
and tested in a resource—limited setting. J Crit Care. 2015;30(2):438.e7—-11.

Thunpattu S, Newey V, Sigera C, De Silva P, Goonarathna A, Aluthge I, et al. The effect of
a practical ICU workshop on the knowledge, attitudes and skills of physiotherapists in Sri
Lanka. https://www.nicslk.com/posters/150330170324physio%20workshop%20paper.pdf.
Accessed 5 Jan 2017.

MacLeod JB, Okech M, Labib M, Aphivantrakul P, Lupasha E, Nthele M. Evaluation of
trauma and critical care training courses on the knowledge and confidence of participants in
Kenya and Zambia. World J Surg. 2011;35:9-16.

Macleod JB, Jones T, Aphivantrakul P, Chupp M, Poenaru D. Evaluation of fundamental crit-
ical care course in Kenya: knowledge, attitude, and practice. J Surg Res. 2011;167:223-30.
Robertson TE, Levine AR, Verceles AC, Buchner JA, Lantry JH 3rd, Papali A, et al. Remote
tele-mentored ultrasound for non-physician learners using FaceTime: a feasibility study in a
low-income country. J Crit Care. 2017;40:145-8.

Albert TJ, Fassier T, Chhuoy M, Bounchan Y, Tan S, Ku N, et al. Bolstering medical educa-
tion to enhance critical care capacity in Cambodia. Ann Am Thorac Soc. 2015;12(4):491-7.
Haglund MM, Kiryabwire J, Parker S, Zomorodi A, MacLeod D, Schroeder R, et al. Surgical
capacity building in Uganda through twinning, technology, and training camps. World J Surg.
2011;35(6):1175-82.


https://data.worldbank.org/indicator/SH.MED.NUMW.P3?view=chart
https://doi.org/10.1186/cc9278
https://www.nicslk.com/posters/150330170324physio workshop paper.pdf

58

A. Papali et al.

61

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

. Ulisubisya M, Jornvall H, Irestedt L, Baker T. Establishing an Anaesthesia and Intensive Care
partnership and aiming for national impact in Tanzania. Glob Health. 2016;12:7. https://doi.
org/10.1186/s12992-016-0144—1.

W/Tsadik A, Azazh A, Teklu S, Seyum N, Geremew H, Rankin P, et al. Development of
emergency medicine and critical care masters program for nurses at Addis Ababa University,
School of Medicine. Ethiop Med J. 2014;Suppl 2:21-6.

BASIC for Developing Healthcare Systems. https://www.aic.cuhk.edu.hk/web8/BASIC%20
DHS.htm. Accessed 24 July 2017.

Joynt GM, Zimmerman J, Li TS, Gomersall CD. A systematic review of short courses for
nonspecialist education in intensive care. J Crit Care. 2011;26(5):533.e1-10. https://doi.
0rg/10.1016/j.jcrc.2011.01.007.

Belle J, Cohen H, Shindo N, Lim M, Velazquez-Berumen A, Ndihokubwayo JB, et al.
Influenza preparedness in low-resource settings: a look at oxygen delivery in 12 African
countries. J Infect Dev Ctries. 2010;4(7):419-24.

Morrissey B, Conroy N, Estelle A. Effect of solar panels on inpatient paediatric mortality in
a district hospital in Sierra Leone (abstract). Arch Dis Child. 2015;100(Suppl 3):A114.
Turnbull H, Conroy A, Opoka RO, Namasopo S, Kain KC, Hawkes M. Solar-powered oxy-
gen delivery: proof of concept. Int J Tuberc Lung Dis. 2016;20(5):696-703.

WHO model list of essential medicines: 17th list, March 2011. Geneva: World Health
Organization; 2011. http://apps.who.int/iris/handle/10665/70640. Accessed 1 Mar 2017.
Meara JG, Leather AJ, Hagander L, Alkire BC, Alonso N, Ameh EA, et al. Global Surgery
2030: evidence and solutions for achieving health, welfare, and economic development.
Lancet. 2015;386:569-624.

Papali A, Verceles AC, Augustin ME, Colas LN, Jean-Francois CH, Patel DM, et al. Sepsis in
Haiti: prevalence, treatment, and outcomes in a Port-au-Prince referral hospital. J Crit Care.
2017;38:35-40.

Wandi F, Peel D, Duke T. Hypoxaemia among children in rural hospitals in Papua New
Guinea: epidemiology and resource availability—a study to support a national oxygen pro-
gramme. Ann Trop Paediatr. 2006;26(4):277-84.

Sutherland T, Musafiri S, Twagirumugabe T, Talmor D, Riviello ED. Oxygen as an essential
medicine: under- and over-treatment of hypoxemia in low- and high-income nations. Crit
Care Med. 2016;44(10):e1015-6.

Foran M, Ahn R, Novik J, Tyer-Viola L, Chilufya K, Katamba K, et al. Prevalence of undiag-
nosed hypoxemia in adults and children in an under-resourced district hospital in Zambia. Int
J Emerg Med. 2010;3(4):351-6.

Duke T, Peel D, Wandi F, Subhi R, Sa’avu Martin, Matai S. Oxygen supplies for hospitals
in Papua New Guinea: a comparison of the feasibility and cost-effectiveness of methods for
different settings. P N G Med J 2010;53(3—4):126-138.

Bradley BD, Light JD, Ebonyi AO, N’Jai PC, Ideh RC, Ebruke BE, et al. Implementation and
8-year follow-up of an uninterrupted oxygen supply system in a hospital in The Gambia. Int
J Tuberc Lung Dis. 2016;20(8):1130-4.

Peel D, Howie SRC. Oxygen concentrators for use in tropical countries: a survey. J Clin Eng.
2009;34(4):205-9.

Howie SR, Hill S, Ebonyi A, Krishnan G, Njie O, Sanneh M, et al. Meeting oxy-
gen needs in Africa: an options analysis from the Gambia. Bull World Health Organ.
2009;87(10):763-71.
http://freewestmedia.com/2016/12/29/south-africas-copper-thieves-putting-lives-at-risk/.
Accessed 17 Aug 2017.

Duke T, Wandi F, Jonathan M, Matai S, Kaupa M, Saavu M, et al. Improved oxygen systems
for childhood pneumonia: a multihospital effectiveness study in Papua New Guinea. Lancet.
2008;372(9646):1328-33.

Pittet D, Donaldson L. Clean care is safer care: the first global challenge of the WHO world
alliance for patient safety. Infect Control Hosp Epidemiol. 2005;26(11):891-4.


https://doi.org/10.1186/s12992–016–0144–1
https://doi.org/10.1186/s12992–016–0144–1
https://www.aic.cuhk.edu.hk/web8/BASIC DHS.htm
https://www.aic.cuhk.edu.hk/web8/BASIC DHS.htm
https://doi.org/10.1016/j.jcrc.2011.01.007
https://doi.org/10.1016/j.jcrc.2011.01.007
http://apps.who.int/iris/handle/10665/70640
http://freewestmedia.com/2016/12/29/south-africas-copper-thieves-putting-lives-at-risk/

3

Infrastructure and Organization of Adult Intensive Care Units in Resource-Limited... 59

81

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

. Allegranzi B, Nejad SB, Combescure C, Graafmans W, Attar H, Donaldson L, et al. Burden
of endemic health-care-associated infection in developing countries: systematic review and
meta-analysis. Lancet. 2011;377:228-41.

Wasswa P, Nalwadda CK, Buregyeya E, Gitta SN, Anguzu P, Nuwaha F. Implementation of
infection control in health facilities in Arua district, Uganda: a cross-sectional study. BMC
Infect Dis. 2015;15:268.

Horng LM, Unicomb L, Alam MU, Halder AK, Shoab AK, Ghosh PK, et al. Healthcare
worker and family caregiver hand hygiene in Bangladeshi healthcare facilities: results from
the Bangladesh National Hygiene Baseline Survey. ] Hosp Infect. 2016;94(3):286-94.
World Health Organization. 2009: WHO guidelines on hand hygiene in health care: a sum-
mary first global patient safety challenge clean care is safer care. 2009. http://www.who.int/
gpsc/Smay/tools/9789241597906/en/. Accessed 3 May 2017.

Rosenthal VD, Pawar M, Leblebicioglu H, Navoa-Ng JA, Villamil-Gémez W, Armas-Ruiz A, et al.
Impact of the International Nosocomial Infection Control Consortium (INICC) multidimensional
hand hygiene approach over 13 years in 51 cities of 19 limited—resource countries from Latin
America, Asia, the Middle East, and Europe. Infect Control Hosp Epidemiol. 2013;34(4):415-23.
Chakravarthy M, Myatra SN, Rosenthal VD, Udwadia FE, Gokul BN, DivatiaJV, et al. The impact
of the International Nosocomial Infection Control Consortium (INICC) multicenter, multidimen-
sional hand hygiene approach in two cities of India. J Infect Public Health. 2015;8(2):177-86.
Su D, Hu B, Rosenthal VD, Li R, Hao C, Pan W, et al. Impact of the International Nosocomial
Infection Control Consortium (INICC) Multidimensional Hand Hygiene Approach in five
intensive care units in three cities of China. Public Health. 2015;129(7):979-88.
Miranda-Novales MG, Sobreyra-Oropeza M, Rosenthal VD, Higuera F, Armas-Ruiz A,
Pérez-Serrato I, et al. Impact of the International Nosocomial Infection Control Consortium
(INICC) multidimensional hand hygiene approach during 3 years in 6 hospitals in 3 Mexican
cities. J Patient Saf. 2015.

Barrera L, Zingg W, Mendez F, Pittet D. Effectiveness of a hand hygiene promotion strategy
using alcohol-based handrub in 6 intensive care units in Colombia. Am J Infect Control.
2011;39:633-9.

Abaza AF, Amine AE, Hazzah WA. Comparative study on efficacy of different alcohol hand
rubs and routine hand wash in a health-care setting, Alexandria, Egypt. J Egypt Public Health
Assoc. 2010;85(5-6):273-83.

Girou E, Loyeau S, Legrand P, Oppein F, Brun-Buisson C. Efficacy of handrubbing with
alcohol based solution versus standard handwashing with antiseptic soap: randomised clini-
cal trial. BMJ. 2002;325(7360):362.

Poliquin PG, Vogt F, Kasztura M, Leung A, Deschambault Y, Van den Bergh R, et al.
Environmental contamination and persistence of Ebola virus RNA in an Ebola treatment
center. J Infect Dis. 2016;214(suppl 3):S145-52.

Wolfe MK, Wells E, Mitro B, Desmarais AM, Scheinman P, Lantagne D. Seeking clearer
recommendations for hand hygiene in communities facing Ebola: a randomized trial investi-
gating the impact of six hand washing methods on skin irritation and dermatitis. PLoS One.
2016;11(12):e0167378. https://doi.org/10.1371/journal.pone.0167378.

Rossoff LJ, Lam S, Hilton E, Borenstein M, Isenberg HD. Is the use of boxed gloves in an
intensive care unit safe? Am J Med. 1993;94(6):602-7.

Luckey JB, Barfield RD, Eleazer PD. Bacterial count comparisons on examination gloves
from freshly opened boxes versus nearly empty boxes and from examination gloves before
treatment versus after dental dam isolation. J Endod. 2006;32(7):646-8.

Rock C, Harris AD, Reich NG, Johnson JK, Thom KA. Is hand hygiene before putting on
nonsterile gloves in the intensive care unit a waste of healthcare worker time?—a randomized
controlled trial. Am J Infect Control. 2013;41(11):994-6.

Diaz MH, Silkaitis C, Malczynski M, Noskin GA, Warren JR, Zembower T. Contamination
of examination gloves in patient rooms and implications for transmission of antimicrobial-
resistant microorganisms. Infect Control Hosp Epidemiol. 2008;29(1):63-5.


http://www.who.int/gpsc/5may/tools/9789241597906/en/
http://www.who.int/gpsc/5may/tools/9789241597906/en/
https://doi.org/10.1371/journal.pone.0167378

60

A. Papali et al.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

Popp W, Rasslan O, Unahalekhaka A, Brenner P, Fischnaller E, Fathy M, et al. What is the
use? An international look at reuse of single-use medical devices. Int ] Hyg Environ Health.
2010;213(4):302-7. https://doi.org/10.1016/j.ijheh.2010.04.003. Epub 2010 May 13.

Hagos B, Kibwage 10, Mwongera M, Muthotho JN, Githiga IM, Mukindia GG. The micro-
bial and physical quality of recycled gloves. East Afr Med J. 1997;74(4):224-6.

Ali Z, Qadeer A, Akhtar A. To determine the effect of wearing shoe covers by medical staff
and visitors on infection rates, mortality and length of stay in Intensive Care Unit. Pak ] Med
Sci. 2014;30(2):272-5.

Daschner F, Frank U, Just HM. Proven and unproven methods in hospital infection control in
intensive care units. Chemioterapia. 1987;6(3):184-9.

Croft LD, Harris AD, Pineles L, Langenberg P, Shardell M, Fink JC, et al. Benefits of
Universal Glove and Gown Primary Investigators. The effect of universal glove and gown use
on adverse events in intensive care unit patients. Clin Infect Dis. 2015;61(4):545-53. https://
doi.org/10.1093/cid/civ315.

Harris AD, Pineles L, Belton B, Johnson JK, Shardell M, Loeb M, Newhouse R, et al.
Universal glove and gown use and acquisition of antibiotic-resistant bacteria in the ICU: a
randomized trial. JAMA. 2013;310(15):1571-80.

Huskins WC, Huckabee CM, O’Grady NP, Murray P, Kopetskie H, Zimmer L, et al.
Intervention to reduce transmission of resistant bacteria in intensive care. N Engl J Med.
2011;364(15):1407-18.

Webster J and Pritchard MA. Gowning by attendants and visitors in newborn nurser-
ies for prevention of neonatal morbidity and mortality. Cochrane Database Syst Rev
2003;(3):CD003670.

Mehta Y, Gupta A, Todi S, Myatra SN, Samaddar DP, Vijaya P, et al. Guidelines for preven-
tion of hospital acquired infections. Indian J Crit Care Med. 2014;18(3):149-63.

World Health Organization. Guidelines on core components of infection prevention and con-
trol programmes at the national and acute health care facility level. http://www.who.int/gpsc/
ipc-components-guidelines/en/. Accessed 22 Aug 2017.

Smith JD, MacDougall CC, Johnstone J, Copes RA, Schwartz B, Garber GE. Effectiveness
of N95 respirators versus surgical masks in protecting health care workers from acute respira-
tory infection: a systematic review and meta-analysis. CMAJ. 2016;188(8):567-74.
Jefferson T, Del Mar CB, Dooley L, Ferroni E, Al-Ansary LA, Bawazeer GA, et al. Physical
interventions to interrupt or reduce the spread of respiratory viruses. Cochrane Database Syst
Rev. 2011;(7):CD006207.

Loeb M, Dafoe N, Mahony J, John M, Sarabia A, Glavin V, et al. Surgical mask vs N95
respirator for preventing influenza among health care workers: a randomized trial. JAMA.
2009;302(17):1865-71.

Centers for Disease Control and Prevention. Guideline for isolation precautions: preventing
transmission of infectious agents in healthcare settings. 2007. https://www.cdc.gov/infection-
control/guidelines/isolation/index.html. Accessed 21 May 2017.

World Health Organization. Personal protective equipment for use in a filovirus disease
outbreak: rapid advice guideline. 2016. https://www.ncbi.nlm.nih.gov/books/NBK401170/.
Accessed 21 May 2017.

Pronovost P, Needham D, Berenholtz S, Sinopoli D, Chu H, Cosgrove S, et al. An inter-
vention to decrease catheter-related bloodstream infections in the ICU. N Engl J Med.
2006;355(26):2725-32.

Latif A, Kelly B, Edrees H, Kent PS, Weaver SJ, Jovanovic B, et al. Implementing a mul-
tifaceted intervention to decrease central line-associated bloodstream infections in SEHA
(Abu Dhabi Health Services Company) intensive care units: the Abu Dhabi experience. Infect
Control Hosp Epidemiol. 2015;36(7):816-22.

Marsteller JA, Sexton JB, Hsu YJ, Hsiao CJ, Holzmueller CG, Pronovost PJ, et al. A mul-
ticenter, phased, cluster-randomized controlled trial to reduce central line-associated blood-
stream infections in intensive care units*. Crit Care Med. 2012;40(11):2933-9.


https://doi.org/10.1016/j.ijheh.2010.04.003
https://doi.org/10.1093/cid/civ315
https://doi.org/10.1093/cid/civ315
http://www.who.int/gpsc/ipc-components-guidelines/en/
http://www.who.int/gpsc/ipc-components-guidelines/en/
https://www.cdc.gov/infectioncontrol/guidelines/isolation/index.html
https://www.cdc.gov/infectioncontrol/guidelines/isolation/index.html
https://www.ncbi.nlm.nih.gov/books/NBK401170/

3

Infrastructure and Organization of Adult Intensive Care Units in Resource-Limited... 61

116

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

. Lin DM, Weeks K, Bauer L, Combes JR, George CT, Goeschel CA, et al. Eradicating central
line-associated bloodstream infections statewide: the Hawaii experience. Am J Med Qual.
2012;27(2):124-9.

Hong AL, Sawyer MD, Shore A, Winters BD, Masuga M, Lee H, et al. Decreasing central-
line-associated bloodstream infections in Connecticut intensive care units. J Healthc Qual.
2013;35(5):78-87.

Sagana R, Hyzy RC. Achieving zero central line-associated bloodstream infection rates in
your intensive care unit. Crit Care Clin. 2013;29(1):1-9.

Dettenkofer M, Seegers S, Antes G, Motschall E, Schumacher M, Daschner FD. Does the
architecture of hospital facilities influence nosocomial infection rates? A systematic review.
Infect Control Hosp Epidemiol. 2004;25(1):21-5.

Cepeda JA, Whitehouse T, Cooper B, Hails J, Jones K, Kwaku F, et al. Isolation of patients in
single rooms or cohorts to reduce spread of MRSA in intensive-care units: prospective two-
centre study. Lancet. 2005;365(9456):295-304.

Leaf DE, Homel P, Factor PH. Relationship between ICU design and mortality. Chest.
2010;137(5):1022-7.

Arabi YM, Phua J, Koh Y, Du B, Faruq MO, Nishimura M, et al; Asian Critical Care Clinical
Trials Group. Structure, organization, and delivery of critical care in Asian ICUs. Crit Care
Med 2016;44(10):¢940-8.

Escombe AR, Moore DA, Gilman RH, Navincopa M, Ticona E, Mitchell B, et al. Upper room
ultraviolet light and negative air ionization to prevent tuberculosis transmission. PLoS Med.
2009;6(3):e43.

Mphaphlele M, Dharmadhikari AS, Jensen PA, Rudnick SN, van Reenen TH, Pagano
MA, et al. Institutional Tuberculosis Transmission. Controlled trial of upper room ultra-
violet air disinfection: a basis for new dosing guidelines. Am J Respir Crit Care Med.
2015;192(4):477-84.

Mehta Y, Gupta A, Todi S, Myatra S, Samaddar DP, Patil V, et al. Guidelines for prevention
of hospital acquired infections. Indian J Crit Care Med. 2014;18(3):149-63.

World Health Organization. Guide to local production: WHO-recommended handrub formula-
tions. http://www.who.int/gpsc/Smay/Guide_to_Local_Production.pdf. Accessed 16 Aug 2017.
Igbal Q, Lubeck-Schricker M, Wells E, Wolfe MK, Lantagne D. Shelf-life of chlorine solu-
tions recommended in Ebola virus disease response. PLoS One. 2016;11(5):e0156136.
https://doi.org/10.1371/journal.pone.0156136.

Thi Anh Thu L, Thi Hong Thoa V, Thi Van Trang D, Phuc Tien N, Thuy Van D, Thi Kim
Anh L, et al. Cost-effectiveness of a hand hygiene program on health care-associated infec-
tions in intensive care patients at a tertiary care hospital in Vietnam. Am J Infect Control.
2015;43(12):€93-9.

Nthumba PM, Stepita-Poenaru E, Poenaru D, Bird P, Allegranzi B, Pittet D, et al.
Cluster-randomized, crossover trial of the efficacy of plain soap and water versus
alcohol-based rub for surgical hand preparation in a rural hospital in Kenya. Br J Surg.
2010;97(11):1621-8.

Ahmed QA, Memish ZA, Allegranzi B, Pittet D. Muslim health-care workers and alcohol-
based handrubs. Lancet. 2006;367(9515):1025-7.

Chughtai AA, Seale H, Chi Dung T, Maher L, Nga PT, MacIntyre CR. Current prac-
tices and barriers to the use of facemasks and respirators among hospital-based health
care workers in Vietnam. Am J Infect Control. 2015;43(1):72-7. https://doi.org/10.1016/j.
ajic.2014.10.009.

Maclntyre CR, Seale H, Dung TC, Hien NT, Nga PT, Chughtai AA, et al. A cluster ran-
domised trial of cloth masks compared with medical masks in healthcare workers. BMJ
Open. 2015;5(4):e006577.

World Health Organization. Infection prevention and control (IPC) guidance summary:
Ebola guidance package. http://www.who.int//csr/disease/ebola/evid-guidance-summary/en/.
Accessed 17 Aug 2017.


http://www.who.int/gpsc/5may/Guide_to_Local_Production.pdf
https://doi.org/10.1371/journal.pone.0156136
https://doi.org/10.1016/j.ajic.2014.10.009
https://doi.org/10.1016/j.ajic.2014.10.009
http://www.who.int/csr/disease/ebola/evid-guidance-summary/en/

62

A. Papali et al.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

Lilford RJ, Burn SL, Diaconu KD, Lilford P, Chilton PJ, Bion V, et al. An approach to pri-
oritization of medical devices in low-income countries: an example based on the Republic of
South Sudan. Cost Eff Resour Alloc. 2015;13(1):2.

Bauserman M, Hailey C, Gado J, Lokangaka A, Williams J, Richards-Kortum R, et al.
Determining the utility and durability of medical equipment donated to a rural clinic in a
low-income country. Int Health. 2015;7(4):262-5.

Clarke DL, Chipps JA, Sartorius B, Bruce J, Laing GL, Brysiewicz P. Mortality rates increase
dramatically below a systolic blood pressure of 105-mm Hg in septic surgical patients. Am J
Surg. 2016;212(5):941-5.

Diinser MW, Ruokonen E, Pettild V, Ulmer H, Torgersen C, Schmittinger CA, et al.
Association of arterial blood pressure and vasopressor load with septic shock mortality: a
post hoc analysis of a multicenter trial. Crit Care. 2009;13(6):R181.

Vellinga NA, Boerma EC, Koopmans M, Donati A, Dubin A, Shapiro N, et al. International
study on microcirculatory shock occurrence in acutely ill patients. Crit Care Med.
2015;43(1):48-56.

Seymour CW, Liu VX, Iwashyna TJ, Brunkhorst FM, Rea TD, Scherag A, et al. Assessment
of clinical criteria for sepsis: for the third international consensus definitions for sepsis and
septic shock (Sepsis-3). JAMA. 2016;315(8):762-74.

Riviello ED, Buregeya E, Twagirumugabe T. Diagnosing acute respiratory distress syndrome
in resource limited settings: the Kigali modification of the Berlin definition. Curr Opin Crit
Care. 2017;23(1):18-23.

Lazzerini M, Sonego M, Pellegrin MC. Hypoxaemia as a mortality risk factor in acute lower
respiratory infections in children in low and middle-income countries: systematic review and
meta-analysis. PLoS One. 2015;10(9):e0136166.

Orimadegun AE, Ogunbosi BO, Carson SS. Prevalence and predictors of hypoxaemia in
respiratory and non-respiratory primary diagnoses among emergently ill children at a tertiary
hospital in south western Nigeria. Trans R Soc Trop Med Hyg. 2013;107(11):699-705.
Baker T, Blixt J, Lugazia E, Schell CO, Mulungu M, Milton A, et al. Single deranged physi-
ologic parameters are associated with mortality in a low-income country. Crit Care Med.
2015;43(10):2171-9.

Schell CO, Castegren M, Lugazia E, Blixt J, Mulungu M, Konrad D, et al. Severely deranged
vital signs as triggers for acute treatment modifications on an intensive care unit in a low-
income country. BMC Res Notes. 2015;8:313.

Waitt PI, Mukaka M, Goodson P, SimuKonda FD, Waitt CJ, Feasey N, et al. Sepsis carries a
high mortality among hospitalised adults in Malawi in the era of antiretroviral therapy scale-
up: a longitudinal cohort study. J Infect. 2015;70(1):11-9.

Thanachartwet V, Wattanathum A, Sahassananda D, Wacharasint P, Chamnanchanunt S,
Khine Kyaw E, et al. Dynamic measurement of hemodynamic parameters and cardiac preload
in adults with dengue: a prospective observational study. PLoS One. 2016;11(5):e0156135.
Baker T, Schell CO, Lugazia E, Blixt J, Mulungu M, Castegren M, et al. Vital signs directed
therapy: improving care in an intensive care unit in a low-income country. PLoS One.
2015;10(12):e0144801.

Bur A, Hirschl MM, Herkner H, Oschatz E, Kofler J, Woisetschldger C, et al. Accuracy of
oscillometric blood pressure measurement according to the relation between cuff size and
upper-arm circumference in critically ill patients. Crit Care Med. 2000;28(2):371-6.

Lakhal K, Ehrmann S, Runge I, Legras A, Dequin PF, Mercier E, et al. Tracking hypotension
and dynamic changes in arterial blood pressure with brachial cuff measurements. Anesth
Analg. 2009;109(2):494-501.

Chatterjee A, DePriest K, Blair R, Bowton D, Chin R. Results of a survey of blood pres-
sure monitoring by intensivists in critically ill patients: a preliminary study. Crit Care Med.
2010;38(12):2335-8.

Pedersen T, Nicholson A, Hovhannisyan K, Mgller AM, Smith AF, Lewis SR. Pulse oximetry
for perioperative monitoring. Cochrane Database Syst Rev. 2014;(3):CD002013.



3

Infrastructure and Organization of Adult Intensive Care Units in Resource-Limited... 63

152

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

. Serpa Neto A, Cardoso SO, Ong DS, Espésito DC, Pereira VG, Manetta JA, et al. The use
of the pulse oximetric saturation/fraction of inspired oxygen ratio for risk stratification of
patients with severe sepsis and septic shock. J Crit Care. 2013;28(5):681-6.

Serpa Neto A, Schultz MJ, Festic E. Ventilatory support of patients with sepsis or septic
shock in resource-limited settings. Intensive Care Med. 2016;42(1):100-3.

Becker DM, Tafoya CA, Becker SL, Kruger GH, Tafoya MJ, Becker TK. The use of portable
ultrasound devices in low- and middle-income countries: a systematic review of the literature.
Tropical Med Int Health. 2016;21(3):294-311.

Thwaites CL, Yen LM, Nga NT, Parry J, Binh NT, Loan HT, et al. Impact of improved vac-
cination programme and intensive care facilities on incidence and outcome of tetanus in
southern Vietnam, 1993-2002. Trans R Soc Trop Med Hyg. 2004;98(11):671-7.

Trieu HT, Lubis IN, Qui PT, Yen LM, Wills B, Thwaites CL, Sabanathan S. Neonatal tetanus
in Vietnam: comprehensive intensive care support improves mortality. J Pediatric Infect Dis
Soc. 2016;5(2):227-30. https://doi.org/10.1093/jpids/piv059.

Haniffa R, Lubell Y, Cooper BS, Mohanty S, Alam S, Karki A, et al. Impact of a structured ICU
training programme in resource-limited settings in Asia. PLoS One. 2017;12(3):e0173483.
Balfour-Lynn RE, Marsh G, Gorayi D, Elahi E, LaRovere J. Non-invasive ventilation for chil-
dren with acute respiratory failure in the developing world: literature review and an imple-
mentation example. Paediatr Respir Rev. 2014;15(2):181-7.

Verma AK, Mishra M, Kant S, Kumar A, Verma SK, Chaudhri S, et al. Noninvasive mechani-
cal ventilation: an 18-month experience of two tertiary care hospitals in north India. Lung
India. 2013;30(4):307-11.

Wilson PT, Morris MC, Biagas KV, Otupiri E, Moresky RT. A randomized clinical trial eval-
uating nasal continuous positive airway pressure for acute respiratory distress in a developing
country. J Pediatr. 2013;162(5):988-92.

Chisti MJ, Salam MA, Smith JH, Ahmed T, Pietroni MA, Shahunja KM, et al. Bubble con-
tinuous positive airway pressure for children with severe pneumonia and hypoxaemia in
Bangladesh: an open, randomised controlled trial. Lancet. 2015;386(9998):1057-65.
Jayashree M, KiranBabu HB, Singhi S, Nallasamy K. Use of nasal bubble CPAP in children
with hypoxemic clinical pneumonia—report from a resource limited set-up. J Trop Pediatr.
2016;62(1):69-74.

Kawaza K, Machen HE, Brown J, Mwanza Z, Iniguez S, Gest A, et al. Efficacy of a low-
cost bubble CPAP system in treatment of respiratory distress in a neonatal ward in Malawi.
Malawi Med J. 2016;28(3):131-7.

Langhan M. Continuous end-tidal carbon dioxide monitoring in pediatric intensive care units.
J Crit Care. 2009;24(2):227-30.

Erasmus PD. The use of end-tidal carbon dioxide monitoring to confirm endotracheal tube
placement in adult and paediatric intensive care units in Australia and New Zealand. Anaesth
Intensive Care. 2004;32(5):672-5.

Ginosar Y, Shapira SC. The role of an anaesthetist in a field hospital during the cholera epi-
demic among Rwandan refugees in Goma. Br J Anaesth. 1995;75(6):810-6.

Husaini J, Choy YC. End-tidal to arterial carbon dioxide partial pressure difference during
craniotomy in anaesthetised patients. Med J Malaysia. 2008;63(5):384-7.

Prause G, Hetz H, Lauda P, Pojer H, Smolle-Juettner F, Smolle J. A comparison of the
end-tidal-CO, documented by capnometry and the arterial pCO, in emergency patients.
Resuscitation. 1997;35(2):145-8.

Totapally BR. Utility of end-tidal carbon dioxide monitoring in critically ill children. Indian
J Crit Care Med. 2014;18(6):341-2.

Thrush DN, Mentis SW, Downs JB. Weaning with end-tidal CO, and pulse oximetry. J Clin
Anesth. 1991;3(6):456-60.

Healey CJ, Fedullo AJ, Swinburne AJ, Wahl GW. Comparison of noninvasive measurements
of carbon dioxide tension during withdrawal from mechanical ventilation. Crit Care Med.
1987;15(8):764-8.


https://doi.org/10.1093/jpids/piv059

64

A. Papali et al.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

Bluemile LW Jr, Webster GD Jr, Elkinton JR. Acute tubular necrosis; analysis of one hundred
cases with respect to mortality, complications, and treatment with and without dialysis. AMA
Arch Intern Med. 1959;104(2):180-97.

Arogundade FA, Sanusi AA, Okunola OO, Soyinka FO, Ojo OE, Akinsola A. Acute renal
failure (ARF) in developing countries: which factors actually influence survival. Cent Afr J
Med. 2007;53(5-8):34-9.

Mer M, Schultz MJ, Adhikari NK (2017) European Society of Intensive Care Medicine
(ESICM) Global Intensive Care Working Group and the Mahidol-Oxford Research Unit
(MORU), Bangkok, Thailand Core elements of general supportive care for patients with sep-
sis and septic shock in resource-limited settings Intensive Care Med. https://doi.org/10.1007/
s00134-017-4831-z.

Park S, Kim DG, Suh GY, Kang JG, Ju YS, Lee YJ, et al. Mild hypoglycemia is indepen-
dently associated with increased risk of mortality in patients with sepsis: a 3-year retrospec-
tive observational study. Crit Care. 2012;16(5):R189.

Bagshaw SM, Bellomo R, Jacka MJ, Egi M, Hart GK, George C. The impact of early hypogly-
cemia and blood glucose variability on outcome in critical illness. Crit Care. 2009;13(3):R91.
Casserly B, Phillips GS, Schorr C, Dellinger RP, Townsend SR, Osborn TM, et al. Lactate
measurements in sepsis-induced tissue hypoperfusion: results from the Surviving Sepsis
Campaign database. Crit Care Med. 43(3):567-73.

Mikkelsen ME, Miltiades AN, Gaieski DF, Goyal M, Fuchs BD, Shah CV, et al. Serum lac-
tate is associated with mortality in severe sepsis independent of organ failure and shock. Crit
Care Med. 2009;37(5):1670-7.

Nguyen HB, Rivers EP, Knoblich BP, Jacobsen G, Muzzin A, Ressler JA, et al. Early lactate
clearance is associated with improved outcome in severe sepsis and septic shock. Crit Care
Med. 2004;32(8):1637-42.

Moore CC, Jacob ST, Pinkerton R, Meya DB, Mayanja-Kizza H, Reynolds SJ, et al. Point-of-
care lactate testing predicts mortality of severe sepsis in a predominantly HIV type 1-infected
patient population in Uganda. Clin Infect Dis. 2008;46(2):215-22.

Mtove G, Nadjm B, Hendriksen IC, Amos B, Muro F, Todd J, et al. Point-of-care measure-
ment of blood lactate in children admitted with febrile illness to an African District Hospital.
Clin Infect Dis. 2011;53(6):548-54.

Krishna S, Waller DW, ter Kuile F, Kwiatkowski D, Crawley J, Craddock CF, Nosten F, et al.
Lactic acidosis and hypoglycaemia in children with severe malaria: pathophysiological and
prognostic significance. Trans R Soc Trop Med Hyg. 1994;88:67-73.

Molyneux ME, Taylor TE, Wirima JJ, Borgstein A. Clinical features and prognostic indica-
tors in paediatric cerebral malaria: a study of 131 comatose Malawian children. Q J Med.
1989;71:441-59.

Subbarao S, Wilkinson KA, van Halsema CL, Rao SS, Boyles T, Utay NS, et al. Raised
venous lactate and markers of intestinal translocation are associated with mortality among
in-patients with HIV-associated TB in Rural South Africa. J Acquir Immune Defic Syndr.
2015;70(4):406-13.

Krishna U, Joshi SP, Modh M. An evaluation of serial blood lactate measurement as an early
predictor of shock and its outcome in patients of trauma or sepsis. Indian J Crit Care Med.
2009;13(2):66-73.

Ssekitoleko R, Jacob ST, Banura P, Pinkerton R, Meya DB, Reynolds SJ, et al. Hypoglycemia
at admission is associated with in hospital mortality in Ugandan patients with severe sepsis.
Crit Care Med. 2011;39(10):2271-6.

Jallow M, Casals-Pascual C, Ackerman H, Walther B, Walther M, Pinder M, et al. Clinical
features of severe malaria associated with death: a 13-year observational study in the Gambia.
PLo0S One. 2012;7(9):e45645.

Jones KL, Donegan S, Lalloo DG. Artesunate versus quinine for treating severe malaria.
Cochrane Database Syst Rev. 2007;(4):CD005967.


https://doi.org/10.1007/s00134-017-4831-z
https://doi.org/10.1007/s00134-017-4831-z

3

Infrastructure and Organization of Adult Intensive Care Units in Resource-Limited... 65

189

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

. Ramachandran B, Sethuraman R, Ravikumar KG, Kissoon N. Comparison of bedside and
laboratory blood glucose estimations in critically ill children with shock. Pediatr Crit Care
Med. 2011;12(6):¢297-301.

Hawkes M, Conroy AL, Opoka RO, Namasopo S, Liles WC, John CC, et al. Performance
of point-of-care diagnostics for glucose, lactate, and hemoglobin in the management
of severe malaria in a resource-constrained hospital in Uganda. Am J Trop Med Hyg.
2014;90(4):605-8.

Meynaar IA, van Spreuwel M, Tangkau PL, Dawson L, Sleeswijk Visser S, Rijks L, et al.
Accuracy of AccuChek glucose measurement in intensive care patients. Crit Care Med.
2009;37(10):2691-6.

DuBois JA, Slingerland RJ, Fokkert M, Roman A, Tran NK, Clarke W, et al. Bedside glucose
monitoring-is it safe? A new, regulatory-compliant risk assessment evaluation protocol in
critically ill patient care settings. Crit Care Med. 2017;45(4):567-74.

Gu WIJ, Zhang Z, Bakker J. Early lactate clearance-guided therapy in patients with sepsis: a
meta-analysis with trial sequential analysis of randomized controlled trials. Intensive Care
Med. 2015;41(10):1862-3.

Burri E, Potocki M, Drexler B, Schuetz P, Mebazaa A, Ahlfeld U, et al. Value of arte-
rial blood gas analysis in patients with acute dyspnea: an observational study. Crit Care.
2011;15(3):R145. https://doi.org/10.1186/cc10268.

ARDS Definition Task Force, Ranieri VM, Rubenfeld GD, Thompson BT, Ferguson ND,
Caldwell E, Fan E, et al. Acute respiratory distress syndrome: the Berlin Definition. JAMA.
2012;307(23):2526-33. https://doi.org/10.1001/jama.2012.5669.

Chawla R, Mansuriya J, Modi N, Pandey A, Juneja D, Chawla A, et al. Acute respiratory dis-
tress syndrome: Predictors of noninvasive ventilation failure and intensive care unit mortality
in clinical practice. J Crit Care. 2016;31(1):26-30. https://doi.org/10.1016/j.jcrc.2015.10.018.
Chittawatanarat K, Morakul S, Thawitsri T. Non-cardiopulmonary monitoring in Thai-ICU
(ICU-Resource I study). ] Med Assoc Thail. 2014;97(Suppl 1):S31-7.

Chittawatanarat K, Wattanathum A, Chaiwat O. Cardiopulmonary monitoring in Thai ICUs
(ICU-resource I study). J Med Assoc Thail. 2014;97(Suppl 1):S15-21.

Chittawatanarat K, Bunburaphong T, Champunot R. Mechanical ventilators availability sur-
vey in Thai ICUs (ICU-resource I study). J Med Assoc Thail. 2014;97 Suppl 1:S1-7.
LeBrun DG, Chackungal S, Chao TE, Knowlton LM, Linden AF, Notrica MR, et al.
Prioritizing essential surgery and safe anesthesia for the Post 2015 Development Agenda:
operative capacities of 78 district hospitals in 7 low- and middle-income countries. Surgery.
2014;155(3):365-73.

Bataar O, Lundeg G, Tsenddorj G, Jochberger S, Grander W, Baelani I, et al. Nationwide
survey on resource availability for implementing current sepsis guidelines in Mongolia. Bull
World Health Organ. 2010;88(11):839-46.

Baelani I, Jochberger S, Laimer T, Otieno D, Kabutu J, Wilson I, et al. Availability of critical
care resources to treat patients with severe sepsis or septic shock in Africa: a self-reported,
continent-wide survey of anaesthesia providers. Crit Care. 2011;15(1):R10.

Baelani I, Jochberger S, Laimer T, Rex C, Baker T, Wilson IH, et al. Identifying resource
needs for sepsis care and guideline implementation in the Democratic Republic of the
Congo: a cluster survey of 66 hospitals in four eastern provinces. Middle East J Anaesthesiol.
2012;21(4):559-75.

Mendsaikhan N, Gombo D, Lundeg G, Schmittinger C, Diinser MW. Management of poten-
tially life—threatening emergencies at 74 primary level hospitals in Mongolia: results of a
prospective, observational multicenter study. BMC Emerg Med. 2017;17(1):15.
Mendsaikhan N, Begzjav T, Lundeg G, Brunauer A, Diinser MW. A Nationwide Census of
ICU Capacity and Admissions in Mongolia. PLoS One. 2016;11(8):e0160921.

Liyanage T, Ninomiya T, Jha V, Neal B, Patrice HM, Okpechi I, et al. Worldwide access to treat-
ment for end-stage kidney disease: a systematic review. Lancet. 2015;385(9981):1975-82.


https://doi.org/10.1186/cc10268
https://doi.org/10.1001/jama.2012.5669
https://doi.org/10.1016/j.jcrc.2015.10.018

66

A. Papali et al.

207.

208.

209.

210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

224.

225.

Gatrad AR, Gatrad S, Gatrad A. Equipment donation to developing countries. Anaesthesia.
2007;62 Suppl 1:90-95.

Burn SL, Chilton PJ, Gawande AA, Lilford RJ. Peri-operative pulse oximetry in low-income
countries: a cost-effectiveness analysis. Bull World Health Organ. 2014;92(12):858-67.
Chen A, Deshmukh AA, Richards-Kortum R, Molyneux E, Kawaza K, Cantor SB. Cost-
effectiveness analysis of a low-cost bubble CPAP device in providing ventilatory support for
neonates in Malawi—a preliminary report. BMC Pediatr. 2014;14:288.

Patel SP, Pena ME, Babcock CI. Cost-effectiveness of noninvasive ventilation for chronic
obstructive pulmonary disease-related respiratory failure in Indian hospitals without ICU
facilities. Lung India. 2015;32(6):549-56.

Poesen K, De Prins M, Van den Berghe G, Van Eldere J, Vanstapel F. Performance of cassette-
based blood gas analyzers to monitor blood glucose and lactate levels in a surgical intensive
care setting. Clin Chem Lab Med. 2013;51(7):1417-27.

Singh S, Bhardawaj A, Shukla R, Jhadav T, Sharma A, Basannar D. The handheld blood
lactate analyser versus the blood gas based analyser for measurement of serum lactate and its
prognostic significance in severe sepsis. Med J Armed Forces India. 2016;72(4):325-31.
DatVQ, Long NT, Giang KB, Diep PB, Giang TH, Diaz JV. Healthcare infrastructure capacity
to respond to severe acute respiratory infection (SARI) and sepsis in Vietnam: a low-middle
income country. J Crit Care. 2017;42:109—15. https://doi.org/10.1016/j.jcrc.2017.07.020.
Chen W, Janz DR, Shaver CM, Bernard GR, Bastarache JA, Ware LB. Clinical characteristics
and outcomes are similar in ARDS diagnosed by oxygen saturation/FiO, ratio compared with
PaO,/FiO, ratio. Chest. 2015;148(6):1477-83. https://doi.org/10.1378/chest.15-0169.
Vukoja M, Riviello E, Gavrilovic S, Adhikari NK, Kashyap R, Bhagwanjee S. A survey
on critical care resources and practices in low- and middle-income countries. Glob Heart.
2014:9(3):337-42.e1-5.

Schultz MJ, Dunser MW, Dondorp AM, Adhikari NK, Iyer S, Kwizera A, et al. Current chal-
lenges in the management of sepsis in ICUs in resource-poor settings and suggestions for the
future. Intensive Care Med. 2017;43(5):612-24.

Thompson G, O’Horo JC, Pickering BW, Herasevich V. Impact of the electronic medical
record on mortality, length of stay, and cost in the hospital and ICU: a systematic review and
metaanalysis. Crit Care Med. 2015;43(6):1276-82.

Pronovost P, Berenholtz S, Dorman T, Lipsett PA, Simmonds T, Haraden C. Improving com-
munication in the ICU using daily goals. J Crit Care. 2003;18(2):71-5.

Narasimhan M, Eisen LA, Mahoney CD, Acerra FL, Rosen MJ. Improving nurse-physician
communication and satisfaction in the intensive care unit with a daily goals worksheet. Am J
Crit Care. 2006;15(2):217-22.

Agarwal S, Frankel L, Tourner S, McMillan A, Sharek PJ. Improving communication in a
pediatric intensive care unit using daily patient goal sheets. J Crit Care. 2008;23(2):227-35.
Centofanti JE, Duan EH, Hoad NC, Swinton ME, Perri D, Waugh L, et al. Use of a
daily goals checklist for morning ICU rounds: a mixed-methods study. Crit Care Med.
2014:42(8):1797-803.

Perry V, Christiansen M, Simmons A. A daily goals tool to facilitate indirect nurse-
physician communication during morning rounds on a medical-surgical unit. Medsurg Nurs.
2016:25(2):83-7.

Cavalcanti AB, Bozza FA, Machado FR, Salluh JI, Campagnucci VP, Vendramim P, et al.
Effect of a quality improvement intervention with daily round checklists, goal setting, and
clinician prompting on mortality of critically ill patients: a randomized clinical trial. JAMA.
2016;315(14):1480-90.

Ferrer R, Artigas A, Levy MM, Blanco J, Gonzalez-Diaz G, Garnacho-Montero J, et al.
Improvement in process of care and outcome after a multicenter severe sepsis educational
program in Spain. JAMA. 2008;299(19):2294-303.

Barochia AV, Cui X, Vitberg D, Suffredini AF, O’Grady NP, Banks SM, et al. Bundled care
for septic shock: an analysis of clinical trials. Crit Care Med. 2010;38(2):668-78.


https://doi.org/10.1016/j.jcrc.2017.07.020
https://doi.org/10.1378/chest.15-0169

3

Infrastructure and Organization of Adult Intensive Care Units in Resource-Limited... 67

226

227.

228.

229.

230.

231.

232.

233.

234.

235.

236.

237.

238.

239.

240.

241.

242.

243.

244.

. Wang Z, Xiong Y, Schorr C, Dellinger RP. Impact of sepsis bundle strategy on out-
comes of patients suffering from severe sepsis and septic shock in china. J] Emerg Med.
2013;44(4):735-41.

Herran-Monge R, Muriel-Bombin A, Garcia-Garcia MM, Merino-Garcia PA, Citores-
Gonzidlez R, Fernandez-Ratero JA, et al. Mortality reduction and long-term compliance with
surviving sepsis campaign: a nationwide multicenter study. Shock. 2016;45(6):598-606.
Rhodes A, Phillips G, Beale R, Cecconi M, Chiche JD, De Backer D, et al. The Surviving
Sepsis Campaign bundles and outcome: results from the International Multicentre Prevalence
Study on Sepsis (the IMPreSS study). Intensive Care Med. 2015;41(9):1620-8.

Levy MM, Rhodes A, Phillips GS, Townsend SR, Schorr CA, Beale R, et al. Surviving Sepsis
Campaign: association between performance metrics and outcomes in a 7.5-year study.
Intensive Care Med. 2014;40(11):1623-33.

Jacob ST, Banura P, Baeten JM, Moore CC, Meya D, Nakiyingi L, et al. The impact of early
monitored management on survival in hospitalized adult Ugandan patients with severe sepsis:
a prospective intervention study*. Crit Care Med. 2012;40(7):2050-8.

Papali A, Eoin West T, Verceles AC, Augustin ME, Nathalie Colas L, Jean-Francois CH, et al.
Treatment outcomes after implementation of an adapted WHO protocol for severe sepsis and
septic shock in Haiti. J Crit Care. 2017;41:222-8.

Apisarnthanarak A, Thongphubeth K, Sirinvaravong S, Kitkangvan D, Yuekyen C, Warachan
B, et al. Effectiveness of multifaceted hospitalwide qualityimprovement programs featuring
an intervention to removeunnecessary urinary catheters at a tertiary care center in Thailand.
Infect Control Hosp Epidemiol. 2007;28(7):791-8.

Apisarnthanarak A, Thongphubeth K, Yuekyen C, Warren DK, Fraser VJ. Effectiveness of a
catheter-associated bloodstream infection bundle in a Thai tertiary care center: a 3-year study.
Am J Infect Control. 2010;38(6):449-55.

Djogovic D, Green R, Keyes R, Gray S, Stenstrom R, Sweet D, et al. Canadian Association of
Emergency Physicians sepsis treatment checklist: optimizing sepsis care in Canadian emer-
gency departments. CJEM. 2012;14(1):36-9.

Ballow SL, Kaups KL, Anderson S, Chang M. A standardized rapid sequence intubation pro-
tocolfacilitates airway management in critically injured patients. J Trauma Acute Care Surg.
2012:73(6):1401-5.

Vukoja M, Kashyap R, Gavrilovic S, Dong Y, Kilickaya O, Gajic O. Checklist for early rec-
ognition and treatment of acute illness: International collaboration to improve critical care
practice. World J Crit Care Med. 2015;4(1):55-61.

Woodhouse D, Berg M, van der Putten J, Houtepen J. Will benchmarking ICUs improve
outcome? Curr Opin Crit Care. 2009;15(5):450-5.

Rhodes A, Moreno RP, Azoulay E, Capuzzo M, Chiche JD, Eddleston J, et al. Prospectively
defined indicators to improve the safety and quality of care for critically ill patients: a
report from the Task Force on Safety and Quality of the European Society of Intensive Care
Medicine (ESICM). Intensive Care Med. 2012;38(4):598-605.

Braun JP, Kumpf O, Deja M, Brinkmann A, Marx G, Bloos F, et al. The German quality
indicators in intensive care medicine 2013-second edition. Ger Med Sci. 2013;11:Doc09.
Ray B, Samaddar DP, Todi SK, Ramakrishnan N, John G, Ramasubban S. Quality
indicators for ICU: ISCCM guidelines for ICUs in India. Indian J Crit Care Med.
2009;13(4):173-206.

Swedish Intensive Care Registry. http://www.icuregswe.org/en/About-Intensive-Care/
registries/. Accessed 25 May 2017.

National Intensive Care Surveillance: a critical care clinical registry and bed availability sys-
tem for Sri Lanka. http://www.nicslk.com/. Accessed 25 May 2017.

Malaysian Registry of Intensive Care. http://mric.org.my/Web/Page/index.aspx. Accessed 25
May 2017.

Wong A, Masterson G. Improving quality in intensive care unit practice through clinical
audit. J Intensive Care Soc. 2015;16(1):5-8.


http://www.icuregswe.org/en/About-Intensive-Care/registries/
http://www.icuregswe.org/en/About-Intensive-Care/registries/
http://www.nicslk.com/
http://mric.org.my/Web/Page/index.aspx

68 A. Papali et al.

245. Colvin JR, Peden C, editors. Raising the Standard: a compendium of audit recipes for con-
tinuous quality improvement in anaesthesia. Royal College of Anaesthetists; 2012. http://
www.rcoa.ac.uk/system/files/CSQ-ARB-2012_1.pdf.

246. Scales DC, Dainty K, Hales B, Pinto R, Fowler RA, Adhikari NK, et al. A multifaceted inter-
vention for quality improvement in a network of intensive care units: a cluster randomized
trial. JAMA. 2011;305(4):363-72.

247. Andrews B, Muchemwa L, Kelly P, Lakhi S, Heimburger DC, Bernard GR. Simplified severe
sepsis protocol: a randomized controlled trial of modified early goal-directed therapy in
Zambia. Crit Care Med. 2014;42(11):2315-24.

248. Maitland K, Kiguli S, Opoka RO, Engoru C, Olupot-Olupot P, Akech SO, et al. Mortality after
fluid bolus in African children with severe infection. N Engl J Med. 2011;364(26):2483-95.

Open Access This chapter is licensed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate
credit to the original author(s) and the source, provide a link to the Creative Commons license and
indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's Creative
Commons license, unless indicated otherwise in a credit line to the material. If material is not
included in the chapter's Creative Commons license and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder.


http://www.rcoa.ac.uk/system/files/CSQ-ARB-2012_1.pdf
http://www.rcoa.ac.uk/system/files/CSQ-ARB-2012_1.pdf
http://creativecommons.org/licenses/by/4.0/

Check for
updates

Recognition of Sepsis
in Resource-Limited Settings

Arthur Kwizera, Neill K. J. Adhikari, Derek C. Angus,

Arjen M. Dondorp, Martin W. Diinser, Emir Festic,

Rashan Haniffa, Niranjan Kissoon, Ignacio Martin-Loeches,
and Ganbold Lundeg

A. Kwizera
Makerere University College of Health Sciences, Mulago National Referral Hospital,
Kampala, Uganda

N. K. J. Adhikari
Sunnybrook Health Sciences Centre, University of Toronto, Toronto, ON, Canada

D. C. Angus
University of Pittsburgh, Pittsburgh, PA, USA

A. M. Dondorp
Faculty of Tropical Medicine, Mahidol University, Bangkok, Thailand

Academic Medical Center, University of Amsterdam, Amsterdam, The Netherlands

Nuffield Department of Clinical Medicine, Oxford Centre for Tropical Medicine and Global
Health, University of Oxford, Oxford, UK

M. W. Diinser (<))

Department of Anesthesiology and Intensive Care Medicine, Kepler University Hospital,
Johannes Kepler University Linz, Linz, Austria

e-mail: Martin.Duenser @i-med.ac.at

E. Festic
Mayo Clinic, Jacksonville, FL, USA

R. Haniffa
Faculty of Tropical Medicine, Mahidol University, Bangkok, Thailand

N. Kissoon
British Columbia Children’s Hospital, University of British Columbia,
Vancouver, CO, Canada

1. Martin-Loeches
St. James’s University Hospital, Dublin, Ireland

G. Lundeg
Mongolian National University of Medical Sciences, Ulaanbaatar, Mongolia

© The Author(s) 2019
A. M. Dondorp et al. (eds.), Sepsis Management in Resource-limited Settings,
https://doi.org/10.1007/978-3-030-03143-5_4

4


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-03143-5_4&domain=pdf
mailto:Martin.Duenser@i-med.ac.at

70 A. Kwizera et al.

4.1 Introduction

Sepsis is a life-threatening condition characterized by one or more organ dysfunc-
tions due to a dysregulated host response to infection [1] or, in certain cases, due to
direct pathogen effects. Sepsis is not only associated with bacterial or fungal infec-
tions but with any other infections such as viral disease, protozoal disease (e.g.,
malaria), or tropical infections. Although the literature suggests that sepsis is pre-
dominantly a healthcare issue in resource-rich countries, the global burden of acute
infections is highest in resource-limited areas [2]. Successful sepsis management
relies on various components of which early recognition is essential. In this chapter,
we summarize recommendations on sepsis recognition, identification of the under-
lying infection and causative microbiological pathogen, as well as recognition of
septic shock in resource-limited settings (Table 4.1).

4.2  Sepsis Recognition

Sepsis is a life-threatening condition due to acute infection that is characterized by
one or more organ dysfunctions. From a pathophysiological perspective, organ dys-
function results from a dysregulated response of the host’s immune system to the
microbiological pathogen [3] and, in certain cases, from direct effects of the patho-
gen (e.g., sequestration of parasitized red blood cells in malaria, endothelial damage
by NS1 [nonstructural protein 1] in dengue, tissue damage by bacterial toxins).
Sepsis is not only associated with bacterial or fungal infections but with any other
infection such as viral disease, protozoal diseases (e.g., malaria), or other tropical
infections. As the benefits of sepsis therapy are delicately time-sensitive with
improved mortality and other outcomes observed in patients receiving appropriate
therapy early in the course [3, 4], it is critical to recognize sepsis as early as possible
upon patient’s presentation. Early indicators of severe disease which relate to a fatal
outcome select patients needing early and urgent treatment.

The results of a large US health record database including approximately 150,000
patients with suspected acute infection revealed that a quick Sequential (Sepsis-
related) Organ Failure Assessment (QSOFA) score could help to identify patients
with sepsis outside of an intensive care environment. The gSOFA score indicates the
potential presence of sepsis if two of the following three indicators are fulfilled: (1)
respiratory rate >22 bpm, (2) systolic blood pressure <100 mmHg, and (3) any
acute change in mental state. Addition of further parameters did not relevantly
improve the predictive power of this model [5]. These parameters are also included
in different early warning scores [6], whose reasonable power to predict increased
mortality of acutely ill patients was confirmed by studies from resource-limited set-
tings [6-9]. A recently published study from Uganda reported that a prognostic
index including respiratory rate (>30 bpm), pulse rate (>100 bpm), a mean arterial
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Table 4.1 Recommendations for the recognition of sepsis in resource-limited settings (with
grading)

1

Recognition of
sepsis

Define sepsis as the combination of acute infection and two of the
following parameters: respiratory rate > 22 bpm, systolic blood
pressure < 100 mmHg, and any acute change in mental state (1B);
these criteria have not been validated to recognize patients with sepsis
from nonbacterial infections such as malaria, dengue, or other tropical
infectious diseases (ungraded); diagnose malaria-induced sepsis if
malaria and one or more of the following clinical signs occur:
impaired consciousness, prostration, respiratory distress, multiple
convulsions, hypoglycemia, severe malarial anemia, renal impairment,
jaundice, malaria-induced shock, significant bleeding, and
hyperparasitemia (1B); diagnose dengue-induced sepsis if dengue
infection and any of the following clinical symptoms occur: shock,
respiratory distress, severe bleeding, or any organ dysfunction (1B);
healthcare workers, irrespective of their proficiency, should be alert to
consider sepsis in adults and children with acute infection of any
etiology (1C); recognition of sepsis in children is based on different
severity indicators (ungraded)

2 | Identification of Take a structured patient history and perform a systematic head-to-toe
the underlying physical examination to identify the underlying type of infection (1A);
type of infection recognition of local infectious disease epidemiology is crucial

(ungraded); depending on their availability, perform additional
diagnostic evaluations such as laboratory testing and/or radiographic
or ultrasound imaging to identify the source of infection (1B)

3 | Identification of If available, obtain microbiological cultures before antimicrobial

the causative
microbiological
pathogen

therapy as long as this does not relevantly delay antimicrobial therapy
(1A); take two or more sets of blood cultures and tissue/body
secretions from the site of suspected infection (1A); perform
microscopy and Gram staining of secretions sampled from the
suspected source of infection (1B); if available, test for antibiotic
susceptibility of cultured bacteria to guide antibiotic therapy (1B); if
resources to test for antibiotic susceptibility are not routinely
available, perform intermittent microbiological screening of
antimicrobial susceptibility of selected pathogens to inform empirical
antimicrobial strategies (2C); use rapid diagnostic tests to diagnose
malaria (1A); alternatively, use light microscopy of stained blood
smears performed by experienced staff (1A); use direct (early disease
phase) or indirect (intermediate or later disease phase) laboratory
methods to diagnose specific virus infections such as dengue,
influenza, or Ebola virus disease (1A); all patients with an acute
infection who are positive for the human immunodeficiency virus,
suffer from immunosuppression of other causes (e.g., malnutrition),
and had previous tuberculosis infection and/or close contact with
person suffering from tuberculosis should be screened for tuberculosis
coinfection (1A); use light-emitting diode microscopy of two sputum
smears or field PCR for the diagnosis of pulmonary tuberculosis (1A);
perform tuberculosis cultures in HIV-positive patients (1A)

(continued)
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Table 4.1 (continued)

4 | Recognition of Define septic shock as the presence of two or more clinical indicators
septic shock of systemic tissue hypoperfusion independent of the presence of
arterial hypotension (1B); if available, measure arterial lactate levels
(1A); in patients with dengue sepsis, use a change in arterial blood
pressure amplitude of <20 mmHg to diagnose shock (1C); do not rely
solely on the use of arterial hypotension to diagnose septic shock, as
arterial hypotension is typically a preterminal event and associated
with an exceedingly high mortality in sepsis patients in resource-
limited settings (1C)

Abbreviations: PCR polymerase chain reaction, H/V human immunodeficiency virus

blood pressure >110 or <70 mmHg), body temperature (>38.6 or <35.6 °C), and
any acute change in mental state could adequately predict hospital mortality in
patients with sepsis [10].

It is important to note that the definition of sepsis was established largely based
on adult patients suffering from bacterial or fungal infections. The definition has so
far not been validated for other infections such as malaria, dengue fever, or tropical
infectious diseases, which are highly prevalent in some resource-limited settings.
As pathophysiology of malaria and bacterial infections differs [11], it is well con-
ceivable that these criteria have a lower reliability to recognize patients with sepsis
due to malaria. A prospective observational study from Uganda reported that out of
216 hospitalized patients with community-acquired infection and the systemic
inflammatory response syndrome, only 4% suffered from acute malaria infection
[12]. These data indicate that patients with malaria may potentially manifest with
alternative signs of infection and might have been unrecognized as such. In 2015,
the World Health Organization recommended diagnosing severe malaria in adults
with Plasmodium falciparum asexual parasitemia and one or more of the following
clinical signs: (1) impaired consciousness, (2) prostration (defined as the inability to
sit, stand, or walk unassisted), (3) respiratory distress due to acidosis or pulmonary
edema, (4) more than two convulsions within 24 h, (4) hypoglycemia, (5) severe
malarial anemia, (6) renal impairment, (7) jaundice, (8) malaria-induced shock (for
definition see below), (8) significant bleeding, and (9) hyperparasitemia [13]. A
malaria prognostic index (including Glasgow Coma Scale <11, admission parasit-
emia >315,000/pL, pigmented parasites >20%, total bilirubin >58 pmol/L, lactate
>5 mmol/L) has shown a high sensitivity (95-100%) and specificity (88-91%) to
predict death in Asian adults with falciparum malaria [14]. A post hoc analysis of
four studies suggested that normothermia, tachypnea, impaired consciousness,
oligo-anuria, shock, and hypo-/hyperglycemia independently predicted death in
adults with falciparum malaria [15].

Similarly, in dengue infection, the development of shock, respiratory distress,
severe bleeding, or any organ dysfunction has been recommended by the World
Health Organization to characterize severe dengue and an increased risk of death
[16]. The clinical usefulness and diagnostic reliability of this classification were
confirmed in a multicenter study performed in seven countries including 2259
patients from Southeast Asia and Latin America [17].
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As the burden of infection-related death in resource-limited areas is highest in
children, particularly in those aged <5 years [18], recognition and management of
sepsis in this age group is of particular importance. As children differ in several
physiologic aspects from adults, the indicators of their life-threatening organ dys-
function may differ as well. These parameters are summarized in a separate part of
these expert consensus recommendations dedicated to pediatric sepsis.

One of the key challenges in resource-limited areas is the lack of well-trained
healthcare workers, particularly physicians specialized in emergency and critical
care medicine [19, 20]. Therefore, it appears unreasonable to limit recognition of
sepsis to physicians only. Both physicians and nonphysicians (e.g., medical officers,
nurses, and advanced level practitioners) need to be aware of and be able to recog-
nize sepsis. However, they may require specific training and/or experience to do so
[21]. Given that the vast majority of children with sepsis in resource-limited areas
are presumably managed by non-pediatricians, it is also important that healthcare
staff in resource-limited areas is aware of and trained in the specific characteristics
of sepsis recognition in children [22]. A shortage in resources should not impede
reliable and timely recognition of sepsis as this can generally be achieved using
clinical skills only. Similarly, severity of diseases caused by malaria and dengue can
be assessed largely by clinical signs. However, to recognize specific symptoms of
malaria-induced sepsis or to calculate the malaria prognostic index, it is necessary
to determine base deficit, lactate, and total bilirubin and creatinine or urea levels,
which may not be routinely available in resource-limited settings.

Sepsis is defined as a life-threatening organ dysfunction due to a dysregulated
host response to acute infection or, in certain cases, due to direct effects of the
pathogen. Sepsis is not only associated with bacterial or fungal infections but with
any other infection such as viral disease, protozoal infections (e.g., malaria), or
tropical infections (ungraded). We recommend defining sepsis in adults as the
combination of acute infection and the presence of two of the following three
parameters: (1) respiratory rate > 22 bpm, (2) systolic blood pressure < 100 mmHg,
and (3) any acute change in mental state (1B). These criteria have not been vali-
dated to recognize patients with sepsis from nonbacterial infections such as
malaria, dengue, or other tropical infectious diseases (ungraded). Until data con-
firm the predictive value of the new sepsis definition in malaria, we recommend
diagnosing malaria-induced sepsis if malaria and one or more of the following
clinical signs occur: impaired consciousness, prostration, respiratory distress, mul-
tiple convulsions, hypoglycemia, severe malarial anemia, renal impairment, jaun-
dice, malaria-induced shock, significant bleeding, and hyperparasitemia (1B).
Until data confirm the predictive value of the new sepsis definition in dengue, we
recommend diagnosing dengue-induced sepsis if dengue infection and any of the
following clinical symptoms occur: shock, respiratory distress, severe bleeding, or
any organ dysfunction (1B). We recommend that healthcare workers, irrespective
of their proficiency, should be alert to consider sepsis in adults and children with
acute infection of any etiology (1C). Recognition of sepsis in children is based on
different severity indicators (ungraded). These are summarized in another chapter
of this book.
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4.3 Identification of the Underlying Type of Infection

Recognition of acute infection is paramount for both sepsis diagnosis and manage-
ment. Acute infection can be caused by various microbiological pathogens—bacte-
ria, viruses, parasites, or fungi. The epidemiology of infectious diseases differs
globally. While bacterial and fungal infections are observed everywhere in the
world, malaria, dengue, and tropical infectious diseases are typically encountered in
Central and South America, sub-Saharan Africa, and southern parts of Asia [23].
Although clear data on the epidemiology of sepsis are missing, the global mortality
of malaria and thereby the burden of malaria-induced sepsis appear to be exception-
ally high in resource-limited countries, particularly in sub-Saharan Africa, India,
and Southeast Asia [24]. Tuberculosis is a chronic but sometimes acute bacterial
infection caused by Mycobacterium spp., highly prevalent in many resource-limited
areas [25]. While in high- and upper-middle-income countries, only lower respira-
tory tract infections are ranked (sixth) among the top ten causes of death; three and
four infectious diseases (excluding HIV/AIDS) are among the top ten causes of
death in lower-middle- and low-income countries, respectively. In low-income
countries, lower respiratory tract infections represent the most common cause of
death followed by HIV/AIDS and diarrheal diseases [26]. Viral causes of sepsis,
such as dengue, often occur in epidemics.

Clinical skills of structured history taking and systematic physical examination
are essential to identify the underlying type of infection. Nonspecific signs of infec-
tion include fever, chills, fatigue, malaise, and muscle/joint aches. If associated with
a low risk of harm for the patient, sites of suspected infections (e.g., abscess, joints,
effusion) can be punctured or incised to verify the infectious focus and sample
secretions or tissue for laboratory work-up [2]. Selected laboratory parameters can
assist in making the diagnosis of acute infection (e.g., the white blood cell count)
but are neither highly sensitive nor specific [27-32]. Diagnostic imaging techniques,
where available and preferably portable (e.g., X-ray, ultrasound) [33-35], can be
used to answer specific diagnostic questions. Given its increasing portability and
availability, the role of ultrasound to diagnose abdominal, joint/soft tissue, and lung
infections in resource-limited countries is emphasized [36].

As mainly clinical skills are required, a lack of resources does not relevantly
impede identification of the underlying infection. Given that the majority of labora-
tories in resource-limited settings are capable of routinely determining the white
blood cell count [36-38], this parameter may be useful to support the diagnosis of
an acute infection. Although ultrasound has been increasingly available in resource-
limited settings [36], in many healthcare facilities, ultrasound is not always avail-
able, as machines are routinely operated only by selected healthcare workers [39].
In addition, installation of ultrasound services in resource-limited hospitals is usu-
ally associated with substantial costs. Maintenance of ultrasound machines is
another challenge in these settings. Similarly, X-ray machines are frequently immo-
bile and require supply materials such as X-ray films.

We recommend taking a structured patient history and performing a systematic
head-to-toe physical examination to identify the underlying type of infection (1A).
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Thereby, recognition of local epidemiology of infectious diseases is crucial
(ungraded). Depending on their availability/affordability, we recommend perform-
ing additional diagnostic evaluations such as laboratory testing and/or radiographic
or ultrasound imaging to identify the source of infection, as guided by the history
and physical examination (1B).

4.4 Identification of the Causative Microbiological
Pathogen

Definitive (as opposed to empiric) antimicrobial therapy requires identification of
the microbiological pathogen of infection [3]. Appropriate antimicrobial therapy is
one of the cornerstones of successful sepsis management [3, 4, 40-42]. Knowledge
of the causative organism and its susceptibility to antimicrobial agents is a prereq-
uisite for appropriate antimicrobial therapy [3]. Different diagnostic techniques are
required for identification of the infectious agents causing bacterial infection, tuber-
culosis, malaria, and viral diseases.

Microbiological methods are used to specify bacteria and fungi from sampled
body fluids and blood as well as to test their susceptibility to antibiotic agents.
Microscopy and Gram staining are simple and rapid techniques to identify bacteria
and fungi in the sputum, urine, cerebrospinal fluid, ascites, and other body secre-
tions [43—49]. The appearance and staining of bacteria can categorize (Gram posi-
tive/negative) and identify selected bacterial species (e.g., meningococci,
pneumococci, staphylococci), thus allowing for prompt adjustment of empiric anti-
biotic therapy. Microbiological cultures of body secretions are the gold standard to
grow and specify bacteria. Cultivating bacteria from the blood requires special
media known as blood cultures. To achieve a reasonable sensitivity, two or more
sets of blood cultures from different puncture sites or indwelling catheters need to
be sampled in a sterile fashion [50]. As the shorter time period between the sepsis
diagnosis and administration of an appropriate antimicrobial agent may reduce mor-
tality [4], sampling of blood or body secretions for microbiological work-up should
not relevantly delay initiation of antimicrobial therapy (e.g., <45 min [3]). The
knowledge of antimicrobial susceptibility of the causative pathogen is of crucial
importance as any potential resistance of microbiological pathogens against antimi-
crobial agents may result in inadequate antibiotic therapy. While antimicrobial
resistance is a global challenge, the incidence of multidrug resistance is particularly
high in many resource-limited areas with rates of resistant bacteria approaching as
high as 50% [51-55]. This could explain partially why an observational study from
Uganda did not observe a difference in mortality between sepsis patients who
received and did not receive an empiric antibiotic therapy [56]. Similarly, resistance
of Plasmodium falciparum to certain antimalarial drugs such as artemisinin has
spread throughout mainland Southeast Asia and has also been detected in sub-
Saharan Africa [57-59].

Patients with an acute infection who have a risk of being (co-) infected with
tuberculosis should be screened for tuberculosis. Common risk factors are HIV
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infection, malnutrition, previous tuberculosis infection, and close contact to persons
suffering from tuberculosis (e.g., household members, prisoners, healthcare person-
nel) [60-62]. A study from Uganda reported that one in four HI'V-infected patients
with severe sepsis had Mycobacterium tuberculosis bacteremia [63]. The 2007
WHO international policy on tuberculosis detection recommends light-emitting
diode microscopy of two sputum smears for the diagnosis of pulmonary tuberculo-
sis infection [64]. In children, gastric aspirates can be examined alternatively to
induced sputum samples. A novel field nucleic acid amplification test (Xpert MTB/
RIF) yields diagnostic results and information on rifampicin resistance under 2 h
[65]. Despite a more rapid and frequent diagnosis of tuberculosis with this tech-
nique, concerns remain as relevant patient outcomes have not been affected so far.
Although sputum examination using Ziehl-Neelsen microscopy for acid-fast bacte-
ria is insensitive in HIV-positive subjects, it is frequently performed in laboratories
of resource-limited areas, as conventional fluorescence or light-emitting diode
microscopy is not commonly available. WHO guidelines recommend performance
of tuberculosis cultures in HIV-positive patients [64].

Light microscopy and rapid diagnostic tests are the laboratory methods com-
monly used to diagnose malaria. Light microscopy of Giemsa-stained blood smears
is the standard method applied in many endemic areas to identify Plasmodium spp.
and estimate parasite density [66, 67]. Depending on the examiner’s experience,
sensitivity varies but was shown to be very high in expert hands [68]. However, this
method is labor intensive and requires specific training [69]. Antigen-detecting
rapid diagnostic tests, on the other hand, do not depend on laboratory infrastructure
and can be performed by non-laboratory medical personnel [70]. The sensitivity and
specificity of rapid diagnostic tests are high (93-98%) and superior to that of light
microscopy [71]. As rapid diagnostic tests only yield qualitative results, parasite
density cannot be assessed with this method [70]. In addition, depending on the
regional malaria epidemiology, different rapid diagnostic tests are required to detect
and distinguish between plasmodium species [70].

Laboratory diagnosis of viral diseases, such as dengue, influenza, or Ebola, typi-
cally depends on the duration of the illness. During the early phases of infection,
virus identification is achieved by direct methods (e.g., detection of viral compo-
nents or cell cultures), whereas during later phases (after 5—7 days) indirect methods
(e.g., serologic detection of serum IgM) are used [16, 72]. For certain viruses, rapid
antigen detection tests are available yielding results within a few hours [16].Many
of these tests have shown a high sensitivity and specificity such as a point-of-care
rapid diagnostic test to detect the Ebola virus [73].

Laboratories in resource-limited areas often lack regular supply of materials to
perform microbiological cultures and test for antibiotic susceptibility due to irregu-
lar availability of these materials on the local and national markets as well as due to
the high cost [36-38]. On the other hand, microscopy and Gram staining are avail-
able in many of the laboratories [36—38]. Microscopic analysis and Gram staining
can specify selected bacteria and fungi but do not give information on antibiotic
susceptibility. In cases where routine microbiological cultures and susceptibility
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testing are not available, determination of the most common pathogens (e.g., pneu-
mococci, staphylococci, Escherichia coli, Mycobacterium tuberculosis, Plasmodium
falciparum, etc.) for each infection site as well as their antimicrobial susceptibility
may help to optimize empiric antimicrobial therapy. Accordingly, the World Alliance
Against Antibiotic Resistance recommends collection of information on antibiotic
resistance in each country/region [74].This recommendation is in line with that of
the World Health Organization to regularly monitor drug efficacy for the first-line
antimalarial drugs at regular intervals [75].

Laboratory methods to identify malaria are commonly available at healthcare
facilities in areas where malaria is endemic [36-38]. The costs of rapid diagnostic
tests are higher than those of light microscopy, despite that their use in Africa has
increased substantially during the recent years [76]. Regarding tuberculosis detec-
tion using polymerase chain reaction tests or virus identification, laboratory tests
yielding a high sensitivity and specificity typically require complex technologies,
infrastructure requirements, and staff expertise and imply high costs. On the other
hand, serologic tests are more affordable although they similarly require specific
laboratory facilities which may not be available in many resource-limited settings
[36-38]. This may change in cases of viral disease epidemics such as the recent
Ebola virus disease epidemic in Western Africa [77]. None of the tests are associ-
ated with any direct risks for the patient. However, contamination of microbiologi-
cal cultures and false-positive or false-negative results of laboratory tests bear the
risk of over- or undertreatment, both of which may be associated with harm.

If available/affordable, we recommend obtaining microbiological cultures before
antimicrobial therapy as long as this does not relevantly delay antimicrobial therapy
(1A). We recommend taking two or more sets of blood cultures and/or tissue/body
secretions from the site of suspected infection (1A). We recommend performing
microscopy and Gram staining of secretions sampled from the suspected source of
infection (1B). If available/affordable, we recommend testing for antibiotic suscepti-
bility of cultured bacteria to guide antibiotic therapy (1B). If resources to test for
antibiotic susceptibility are not routinely available, we suggest performing intermit-
tent microbiological screening of antimicrobial susceptibility of selected pathogens
to inform empirical antimicrobial strategies (1C). We recommend using rapid diag-
nostic tests to diagnose malaria (1A). Alternatively, we recommend light microscopy
of stained blood smears performed by experienced staff (1A). We recommend using
direct (early disease phase) or indirect (intermediate or later disease phase) labora-
tory methods to diagnose specific virus infections such as dengue, influenza, or
Ebola virus disease (1A). All patients with an acute infection who are positive for the
human immunodeficiency virus, suffer from immunosuppression of other causes
(e.g., malnutrition), and had previous tuberculosis infection and/or close contact with
person suffering from tuberculosis should be screened for tuberculosis coinfection
(1A). We recommend light-emitting diode microscopy of two sputum smears for the
diagnosis of pulmonary tuberculosis (1A). Whenever available/affordable, we rec-
ommend using polymerase chain reaction tests (e.g., Gene Xpert) to diagnose tuber-
culosis or perform tuberculosis cultures in HI'V-positive patients (1A).
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4,5 Recognition of Septic Shock

Shock is defined as inadequate systemic tissue perfusion with cellular dysoxia/
hypoxia [78]. Septic shock has recently been defined as arterial hypotension requir-
ing vasopressor therapy to maintain mean arterial blood pressure at 65 mmHg or
greater together with a serum lactate level greater than 2 mmol/L after adequate
fluid resuscitation [79]. Systemic tissue hypoperfusion is a critical cofactor in the
development of organ dysfunction and death in patients with sepsis [3, 79].
Recognition of septic shock is therefore essential to recognize sepsis patients with a
particularly high risk of death.

Critically ill patients with abnormal peripheral perfusion (e.g., cold and clammy
skin) following initial resuscitation have more severe metabolic derangements and
organ dysfunction than subjects with normal peripheral perfusion [80]. In early sep-
tic shock due to bacterial infection, prolonged capillary refill time is strongly associ-
ated with organ dysfunction and mortality [81]. Similarly, prolonged capillary refill
time is an indicator of disease severity and a high risk of death in malaria [82] and
dengue infection [83]. The extent of skin mottling in the lower extremities is associ-
ated with organ dysfunction and mortality in sepsis [84]. Given that of all internal
organs the kidneys exhibit the highest autoregulatory threshold, renal blood flow is
the first to decline in case of decreased cardiac output or peripheral vasodilation
[85]. Thus, any episode of oliguria (<0.5 ml/kg/h) potentially indicates renal hypo-
perfusion. Observational studies found that the longer time during which urine out-
put remains <0.5 mL/kg/h is associated with higher morbidity and mortality in
critically ill patients [86]. Elevated lactate levels also predict increased morbidity
and mortality in patients with sepsis [87, 88]. Moreover, the duration of hyperlacta-
temia and the rate of lactate clearance are associated with organ dysfunction and
mortality in sepsis. Studies from resource-limited settings confirmed that hyperlac-
tatemia is associated with a high degree of illness severity and an increased mortal-
ity from sepsis independent of the underlying pathogen [14, 89]. If patients with
sepsis and signs of systemic tissue hypoperfusion develop arterial hypotension
[defined as a systolic arterial blood pressure < 90 mmHg or a mean arterial blood
pressure < 65 mmHg], the risk of death was shown to be excessively high in
resource-limited settings [89-91]. Per the authors’ experience, occurrence of arte-
rial hypotension in septic patients with systemic tissue hypoperfusion is typically a
preterminal sign, as the therapeutic requirements in these patients often exceed the
capabilities of resource-limited healthcare facilities. In patients with severe malaria,
arterial hypotension is rare and when present is often associated with bacterial coin-
fection [11, 13, 92]. The World Health Organization defined dengue shock by the
presence of an arterial blood pressure amplitude (systolic minus diastolic arterial
blood pressure) <20 mmHg [16]. In dengue shock, systolic arterial blood pressure
remains normal or even elevated but can drop rapidly preceding terminal cardiovas-
cular collapse [16]. Studies have suggested that the following clinical symptoms
result from early plasma leakage and herald dengue shock: abdominal pain, hepato-
megaly, high or increasing hematocrit levels, rapid decrease in platelet count, serosal
effusions, mucosal bleeding, and lethargy or restlessness [16].
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A shortage of resources does not impede the ability to recognize septic shock as
the diagnosis is mainly based on clinical indicators. Specific training of healthcare
workers to recognize these clinical signs is, however, essential. Using skin mottling
to assess skin perfusion in dark complexed patients may not be feasible. However,
assessment of capillary refill time is a meaningful alternative that demonstrated
similar predictive value for organ dysfunction and death in sepsis [81]. Costs for
lactate measurements may be relevant and, in some settings, may even impede use
of arterial lactate in sepsis patients. There are no direct patient risks related to diag-
nosing shock by using clinical techniques. Despite its strong predictive power, arte-
rial lactate measurements are not routinely available or affordable in many
resource-limited healthcare facilities [36-38].

We recommend defining septic shock as the presence of two or more clinical
indicators of systemic tissue hypoperfusion independent of the presence of arterial
hypotension (1B). If available, we recommend measuring arterial lactate levels in
patients with sepsis (1A). In patients with dengue sepsis, we recommend using a
reduction in the arterial blood pressure amplitude <20 mmHg to diagnose shock
(1C). We recommend against relying solely on arterial hypotension as a diagnostic
criterion for the diagnosis of septic shock, as arterial hypotension is typically a pre-
terminal event and associated with an exceedingly high mortality in sepsis patients
in resource-limited settings (1C).

4.6 Conclusions

Sepsis is not only associated with bacterial or fungal infections but with any other
infection such as viral disease, protozoal disease (e.g., malaria), or tropical infec-
tions. We provided a set of simple, readily available, and affordable recommenda-
tions on how to recognize sepsis, identify the underlying type of infection, identify
the causative microbiological pathogen, and recognize septic shock in resource-
limited settings. As most evidence originates from resource-rich settings, there is an
urgent need for related research in resource-limited settings.
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5.1 Introduction

Evidence informing the management of patients with sepsis and septic shock mainly
derives from research in resource-rich settings. Knowledge translation to intensive
care units (ICUs) in resource-limited settings is limited by restricted availability of
skilled staff, equipment, and laboratory support, compounded by infrastructure and
logistical challenges. Consequently, we developed recommendations relating to
core elements of general supportive care for patients with sepsis and septic shock in
resource-limited settings. Our recommendations are built on guidelines from the
Surviving Sepsis Campaign [1] and the Global Intensive Care Working Group of the
European Society of Intensive Care Medicine [2], as well as on a search for addi-
tional recent evidence from resource-limited ICUs.

Clinicians with direct experience in resource-limited ICUs developed recom-
mendations by adapting the Grading of Recommendations Assessment, Development
and Evaluation (GRADE) tools [3]. Similar to our group’s previous publications
(e.g.,see[4]), quality of evidence was assessed as high to very low. Recommendations
were stated as strong or weak based additionally on indirectness of evidence, mag-
nitude of effects, and availability, feasibility, and safety in resource-limited ICUs.
We consulted the World Health Organization’s Essential Medicines List when con-
sidering the availability of medications (available at http://www.who.int/medicines/
publications/essentialmedicines/en/). When necessary, evidence from resource-rich
ICUs was adopted after pragmatic experience-based appraisal (see online supple-
ment). We also made several good practice statements [5S]. Recommendations and
suggestions are summarized in Table 5.1.

5.2  Corticosteroids for Patients with Refractory Shock
in Resource-Limited ICUs

Sepsis and septic shock constitute major global health-care problems, particularly
in resource-limited countries, where there is a large burden of infectious diseases,
and are associated with significant morbidity and mortality [1, 10, 11]. Early and
appropriate antimicrobial therapy, intravenous fluids, vasopressors, and source con-
trol were necessary, and appropriate supportive care comprises the fundamental
principles of therapy in such cases [1, 10].

Several adjunctive therapies for septic shock have been developed and studied, and
various treatment strategies evaluated, without improving outcomes [12—15]. Sepsis is
associated with systemic inflammation, which may be a significant contributor to the
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progression of organ dysfunction and death if uncontrolled [16-20]. Sepsis may also
be complicated by impaired corticosteroid metabolism and hypothalamic-pituitary-
adrenal axis (HPA) dysfunction in critically ill patients [21-25]. This HPA axis dys-
function in critically ill patients has been referred to as critical illness-related
corticosteroid insufficiency (CIRCI) and relates to inadequate corticosteroid activity
for the severity of illness as a consequence of decreased adrenal corticosteroid pro-
duction, as well as tissue resistance to corticosteroids. The process is a dynamic one
and may be reversible.

Proinflammatory cytokines and structural damage to the adrenal glands have
been implicated in the etiology [17, 18]. The terms “relative” adrenal insufficiency
and “functional” adrenal insufficiency have also been used to allude to the same
entity [26]. Based on the recognition of the role of excessive inflammation and
impaired corticosteroid metabolism in the pathophysiology of multisystem organ
dysfunction, corticosteroids have been extensively studied as adjunctive therapy in
patients with septic shock over several decades [10, 20, 27-29]. Corticosteroids
have the ability to modulate the inflammatory response. They reduce inflammation
by decreasing cytokines, adhesion molecules, and other mediators. Corticosteroids
halt the activation of various transcription factors and inhibit nuclear factor kappa
beta (NF-xB), which plays a crucial role in cytokine gene transcription, thereby
ameliorating inflammation [18, 20, 30-33]. Additionally, corticosteroids are pro-
apoptotic, assist in maintaining vascular tone by reversing depressed vasopressor
sensitivity to catecholamines, maintain endothelium integrity and myocardial con-
tractility, and have an effect on the coagulation cascade by inhibiting platelet aggre-
gation and attenuating tissue factor-mediated activity [20, 34-36].

More recently, the concept of relative adrenal insufficiency as well as of CIRCI
has been challenged. This has been based on altered cortisol metabolism in criti-
cally ill patients. An increase in cortisol production by a corticotropin-independent
mechanism, probably cytokine mediated, and a decrease in cortisol clearance that
together contribute to hypercortisolemia and corticotropin suppression have been
described [22, 37]. Patients with high cortisol levels have also been shown to have
less favorable outcomes [38, 39], which has raised concern about the safety of exog-
enous administration. Additionally, currently used methods for cortisol measure-
ment have poor agreement, and it has been suggested that the corticotropin
stimulation test may not be a valid marker for adrenal dysfunction [40-42].

The use of corticosteroids in the setting of septic shock has been the subject of
controversy and uncertainty [1, 19, 43—48]. Initial studies of adjunctive high-dose
corticosteroid therapy in patients with septic shock found no evidence of survival
benefit [49, 50]. More recent randomized controlled trials (referred to hereafter as
“trials”’) and systematic reviews have suggested that low-dose corticosteroids of
longer duration may benefit patients in terms of shock reversal, length of ICU stay,
and mortality, with limited adverse effects [1, 19, 28, 29, 47, 51-53]. Adjunctive
corticosteroid therapy has been used in a wide array of life-threatening infectious
diseases with reported beneficial effects [54—67].

A search of MEDLINE and of references from relevant reviews did not produce
any trials that directly addressed the question posed. The search did identify two
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papers on recommendations for sepsis management in resource-limited settings
where some aspects of corticosteroid therapy in refractory shock in resource-limited
settings are addressed [2, 68]. A sepsis guideline for Pakistan was also identified,
which addressed aspects of corticosteroid administration in patients with sepsis
should hemodynamic targets not be met with fluid resuscitation and vasopressor
support [69]. Several studies and guidelines from resource-rich ICUs were identi-
fied and are included in the discussion.

Trials conducted in the 1980s with high-dose corticosteroids in patients with
septic shock failed to demonstrate a mortality benefit, although decreased time to
shock reversal was noted in one trial [49, 50, 70, 71]. With the abandonment of the
use of high-dose corticosteroids in septic shock, the focus of attention shifted to the
concept of relative adrenal insufficiency in septic shock and the use of lower doses
of corticosteroids. Promising data emerged using lower doses of corticosteroids (so-
called supra-physiological or stress doses of hydrocortisone, 200-300 mg/day),
with reports of shock reversal, trends toward earlier resolution of organ dysfunction,
and improved mortality [52, 53]. A multicenter trial (n = 300) appeared to demon-
strate improved 28-day survival in patients with vasopressor-refractory septic shock
and relative adrenal insufficiency who were given low-dose intravenous hydrocorti-
sone (50 mg every 6 h) and low-dose fludrocortisone for 7 days [51]. Study patients
were hypotensive despite intravenous fluid and vasopressor administration; the ben-
efit was only seen in nonresponders to an adrenocorticotrophic hormone (ACTH)
test (blood cortisol level failed to rise appropriately in response to a dose of syn-
thetic ACTH) (hydrocortisone vs. placebo mortality 53% vs. 63%; p = 0.02 using
survival analysis but not significant in unadjusted chi-square test). Two subsequent
meta-analyses found that longer courses (at least 5 days) of low-dose corticoste-
roids (hydrocortisone 200-300 mg/day) were associated with a decrease in mortal-
ity without any significant increase in complications [72]. Based on the available
data, the 2004 Surviving Sepsis Campaign guidelines recommended low-dose
hydrocortisone in vasopressor-dependent septic shock following appropriate fluid
resuscitation [73].

The subsequent Corticosteroid Therapy of Septic Shock (CORTICUS) trial ran-
domized 499 patients with septic shock to receive low-dose intravenous hydrocor-
tisone (50 mg every 6 h) or placebo [74]. The study showed faster shock reversal
but no mortality benefit with corticosteroids (hydrocortisone vs. placebo 34.3% vs.
31.5%; p =0.51). The study enrolled all patients with septic shock, including those
who did not respond to vasopressors, and the use of the ACTH test did not predict
benefit. Corticosteroid administration was associated with an increased incidence
of superinfection and new sepsis but was not associated with an increased inci-
dence of polyneuropathy. Various authors have pointed out differences between
CORTICUS and the earlier trial [51]: patients in CORTICUS had a much lower
severity of illness, could be enrolled for up to 72 h after the onset of shock (vs. 8 h),
and were given hydrocortisone for a lesser duration, which may have reduced the
potential benefits. Additionally, in the years between the studies, improved man-
agement with sepsis bundles and new guidelines may also have reduced corticoste-
roid benefits. A post hoc subgroup analysis of CORTICUS patients who met the
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inclusion criteria used in the earlier trial [51] showed a lower 28-day mortality with
hydrocortisone [18, 44, 75, 76]. Finally, fludrocortisone was not used in
CORTICUS, but a subsequent trial involving 509 patients with septic shock ran-
domized to receive hydrocortisone plus fludrocortisone or hydrocortisone alone
later negated its potential benefit (Corticosteroids and Intensive Insulin Therapy
for Septic Shock (COIITSS) trial) [77].

The 2008 Surviving Sepsis Campaign guidelines suggested that low-dose hydro-
cortisone only be given to patients who respond poorly to intravenous fluids and
vasopressors and that an ACTH test was not necessary [78]. A different consensus
statement by an international task force recommended that low-dose hydrocortisone
should be considered in the management of patients with septic shock, especially
those who have responded poorly to fluid resuscitation and vasopressors. Intravenous
hydrocortisone in a dose of 200 mg/day in four divided doses, or as a bolus of
100 mg followed by a continuous infusion of 10 mg/h, was recommended. The task
force suggested continuation for 5-7 days before tapering (rather than abrupt cessa-
tion), assuming no recurrence or sepsis or septic shock. They also suggested that
tests of adrenal function were not routinely required [17]. A systematic review of
corticosteroids in the treatment of sepsis and septic shock involving 17 randomized
trials and 3 quasi-randomized trials with acceptable methodological quality sug-
gested beneficial drug effects on shock reversal and 28-day mortality, without
increasing the risk of gastroduodenal bleeding, superinfection, or neuromuscular
weakness. Corticosteroids were, however, associated with an increased risk of
hyperglycemia and hypernatremia [79]. Another systematic review suggested no
increased risk of superinfection in patients treated with corticosteroids for septic
shock and that corticosteroids significantly reduced the incidence of vasopressor-
dependent septic shock [80]. Various reviews and commentaries on the topic have
advocated the use of low doses of corticosteroids in refractory septic shock [18, 19,
44,47, 81].

The 2012 Surviving Sepsis Campaign guidelines suggested 200 mg/day of
hydrocortisone to treat patients with septic shock if adequate fluid resuscitation and
vasopressor therapy are unable to restore hemodynamic stability (grade 2B). The
guidelines recommend against the use of an ACTH stimulation test to identify
patients with septic shock who should receive corticosteroid therapy. The guidelines
also recommend against the use of corticosteroids to treat sepsis in the absence of
shock (grade 1D). Tapering of the administered hydrocortisone is suggested, as is
the use of a continuous infusion hydrocortisone (grade 2D) [1]. The 2016 Surviving
Sepsis guidelines restated the first recommendation (weak recommendation, low
quality of evidence), but did not issue recommendations on the ACTH test, tapering
schedule, or continuous vs. intermittent administration.

The timing of corticosteroid therapy was addressed in a retrospective observa-
tional study involving 178 critically ill patients with septic shock. Early initiation of
low-dose corticosteroids (within 6 h after the onset of septic shock) was associated
with a significant 37% reduction in mortality [28]. Another retrospective, multi-
center, propensity-matched cohort study involving patients with septic shock who
received intravenous low-dose corticosteroid therapy within 48 h of diagnosis of
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septic shock revealed a beneficial effect on mortality only in patients with the high-
est severity of illness [45]. In general, data from observational studies on corticoste-
roids for septic shock have been conflicting, with many studies finding no benefit
[45, 82—84] or harm [85, 86].

Recommendations addressing sepsis management in resource-limited settings
have advocated the administration of intravenous hydrocortisone (up to 300 mg/
day) or prednisolone (up to 75 mg/day) to adult patients requiring escalating dos-
ages of vasopressor support [2]. Additional recommendations include not exceeding
300 mg hydrocortisone or 75 mg prednisolone (to mitigate the risk of additional
infections), not administering corticosteroids to patients not requiring vasopressor
support unless they are on chronic corticosteroid therapy, and, when vasopressor
support is withdrawn, to slowly taper corticosteroids over several days to avoid
rebound hypotension. A similar approach has been suggested in another paper
addressing the management of sepsis with limited resources [68]. The Sepsis
Guidelines for Pakistan, endorsed by the Global Sepsis Alliance, recommends the
administration of intravenous hydrocortisone (50 mg every 6 h) should hemody-
namic targets not be met following adequate fluid resuscitation and where dose
requirements of vasopressors rapidly escalate [69].

A most recent Cochrane systematic review and meta-analysis has evaluated both
the rationale and current evidence from 33 randomized trials involving 4268 patients
with respect to corticosteroids in septic shock [29]. Corticosteroids reduced 28-day
mortality by 13%, significantly decreased the length of ICU and hospital stay,
decreased organ dysfunction and failure, and increased the proportion of shock
reversal by day 7 by 31%. Length of stay in the ICU was reduced by more than
2 days. Survival benefits were dependent on lower doses of corticosteroids (less
than 400 mg of hydrocortisone or equivalent) given for a longer duration of treat-
ment (3 or more days at the full dose). The review also suggested that the sickest
patients with sepsis were more likely to derive benefit from corticosteroids. The
administration of low-dose corticosteroids was not found to be associated with gas-
trointestinal bleeding, superinfection, or neuromuscular weakness. In some studies,
corticosteroids were associated with mild increases in blood glucose and sodium
levels.

Further information will become available after publication of two large trials
[87, 88] (planned n = 3800 and 1241, respectively), both of which will investigate
hydrocortisone (200 mg/day) versus placebo in patients with septic shock; the sec-
ond trial will also study fludrocortisone.

Corticosteroids given in low-dose are readily available and inexpensive, and evi-
dence exists to support their use in septic patients with refractory shock; various
formulations are on the World Health Organization’s Essential Medicines List [89].
Data from recent systematic reviews suggest no increased risk of gastrointestinal
bleeding, superinfection, or neuromuscular weakness. Their use may, however, be
associated with an increased risk of hyperglycemia and hypernatremia.

After reviewing the evidence (no additional trials from resource-limited ICUs)
and considering availability, feasibility, affordability, and safety, our recommenda-
tion and grading are consistent with the Surviving Sepsis guidelines. We suggest



5 Core Elements of General Supportive Care for Patients with Sepsis and Septic... 95

Table 5.2 Characteristics of corticosteroids

Equivalent Biological

anti-inflammatory Mineralocorticoid half-life
Type doses (potency) potency (hours)
Hydrocortisone 20 mg (1) 1.0 8-12
Cortisone 25 mg (0.8) 0.8 8-12
Prednisolone/prednisone 5mg (4) 0.8 12-36
Methylprednisolone 4 mg (5) 0.5 12-36
Dexamethasone 0.75 (25) 0 36-54
Fludrocortisone _ 125 18-36

Adapted from [268-270]

intravenous hydrocortisone (200 mg per day, or equivalent dose of another cortico-
steroid) in adult patients with septic shock, who despite both adequate fluid resusci-
tation and vasopressor support remain hemodynamically unstable (low quality of
evidence). Of note, hemodynamic instability may be defined by systolic blood pres-
sure <90 mmHg for >1 h. Hydrocortisone can be administered by continuous infu-
sion or boluses for 5-7 days, or up to the weaning of vasopressor therapy, followed
by tapering of the dose as guided by the clinical response. Bolus dosing does not
require an infusion pump and is therefore more feasible. Dosing and pharmacoki-
netic properties of various corticosteroids are presented in Table 5.2.

5.3 Sedation for Patients with Sepsis
in Resource-Limited ICUs

Sedation has been a feature of intensive care since the inception of mechanical ven-
tilation. The earliest ventilators had only mandatory modes, followed by ventilators
with insensitive triggers that made patient—ventilator synchronization a challenge.
Deep sedation was the pragmatic solution for this problem. Progress in technology
and the development of sensitive ventilator trigger outpaced widespread adaptation
in sedation practice, despite emerging evidence for the detrimental effects of seda-
tion and specifically deep sedation.

Sedation, especially when deep, has been associated with risk of increased organ
dysfunction [90, 91], delirium, cognitive deficit, increased length of stay (LOS) in
ICU and hospital, and increased mortality [92]. Strategies to decrease the risk of
oversedation include the use of sedation protocols to lighter sedation targets, daily
sedation interruptions, or no sedation. Bolus dosing of sedatives is another strategy
to titrate sedation to a specified target and prevent oversedation.

A MEDLINE search found no trials that address this question in resource-limited
ICUs. The search and references from relevant reviews did not produce any trials
that directly addressed the question posed. The 2016 Surviving Sepsis guidelines
made a best practice recommendation that continuous or intermittent sedation be
minimized in mechanically ventilated sepsis patients, targeting specific titration end
points. Earlier comprehensive guidelines [19] on pain, agitation, and delirium
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recommend that sedative medications be titrated to maintain a light rather than a
deep level of sedation in adult ICU patients, unless clinically contraindicated.
Neither guideline makes a recommendation about continuous or bolus dosing.

In a single-center prospective observational study [93] of 142 consecutive
mechanically ventilated ICU patients, 38.4% received continuous IV sedation
(mostly lorazepam [72%] and fentanyl [71%]) to achieve a Ramsay score of 3. A
majority (61.6%) received either bolus sedation (n = 64) or no intravenous sedation
after intubation (n = 85). Patients with continuous IV sedation spent more time on
mechanical ventilation (by 130 h) and had longer ICU LOS (by 8.7 days) hospital
LOS (by 8.2 days; all adjusted p < 0.007). There were no statistically significant
differences in mortality, time of mechanical ventilation (68.5 vs. 45.9 h, p = 0.07),
or hospital LOS (14.8 vs. 11.3 days, p = 0.127) between patients receiving bolus
sedation vs. no sedation but a longer ICU LOS (5.7 vs. 4.1 days, p = 0.017).

A single-center randomized controlled trial [94] randomized 321 patients to
protocol-directed vs. non-protocol-directed sedation and found lower duration of
mechanical ventilation (mean 89.1 vs. 124.0 h, p = 0.003), lower LOS in ICU
(mean 5.7 vs. 7.5 days, p = 0.013) and hospital (mean 14.0 vs. 19.9 days,
p <0.001), and lower tracheostomy rate (6.2% vs. 13.2%, p = 0.038). In the sub-
group of patients who received continuous intravenous sedation (n = 132, 41.1%
of total), the protocol-directed sedation group had a significantly shorter duration
of continuous intravenous sedation (3.5 vs. 5.6 days, p = 0.003). A Cochrane sys-
tematic review (2 trials, n = 633) [95] found no differences between patients man-
aged with protocol-directed sedation vs. usual care in efficacy outcomes or
adverse events (unplanned extubation or reintubation), but the results of the two
included trials conflicted.

Kress et al. [96] randomized 128 patients in a single-center randomized con-
trolled trial to an intervention group sedation with target Ramsay score of 3—4 and
daily interruption of continuous sedative infusions. The control group received stan-
dard care with no-sedation target or interruption of sedation. Duration of mechani-
cal ventilation and ICU LOS were reduced by 2.4 days (p = 0.004) and 3.5 days
(p = 0.02) in the intervention group, respectively, with no difference in the risk of
self-extubation. Subsequent analysis showed fewer complications in the interven-
tion group (2.8% vs. 6.2% in control group, p = 0.04) [97] and no increase in the risk
of myocardial ischemia [98]. However, a larger multicenter trial (n = 430) showed
no effect of daily sedation interruption when both groups were managed with a
sedation protocol; patients in the daily interruption group received higher doses of
benzodiazepines and opiates. A Cochrane systematic review on daily interruption of
sedation [99] did not find strong evidence in favor of this approach, although point
estimates for efficacy outcomes favored the intervention and a post hoc subgroup
analysis of five trials conducted in North America did show reduced duration of
mechanical ventilation. There were no differences in risks of unplanned extubation
or catheter removal.

Concerns about patient emotional and physical discomfort were raised in a pro-
spective observational study (31 Chinese academic ICUs, n = 163). The majority
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(79.1%) of patients remembered seriously uncomfortable experiences; protocolized
sedation or non-protocolized continuous sedation but not intermittent sedation
reduced the risk of complex-mixed discomfort episodes. Of note, 37.4% of patients
did not receive any sedation, and only 14.7% received protocolized sedation. The
nurse—patient ratio was not stated [100]. Overall, traditional concerns that light
sedation or sedation interruptions are associated with worse psychological out-
comes seem to be unfounded. Lightly sedated or non-sedated patients may do better
than deeply sedated patients [91, 101-103].

To investigate a more extreme version of light sedation, Strom et al. [91] ran-
domized 140 critically ill adults in one center with expected mechanical ventilation
>24 h to receive either continuous sedation with propofol for 48 h and lorazepam
thereafter, with daily sedation interruptions (n = 70), or no sedation (n = 70). Both
groups received bolus doses of morphine (2.5 or 5 mg) as needed, and the no-seda-
tion group could receive boluses of haloperidol for delirium. The no-sedation group
has improvements in ventilator-free days to day 28 and ICU and hospital LOS, but
patients who died or who were extubated within 48 h were excluded, and hence the
analysis did not include all randomized patients. The no-sedation group also expe-
rienced more agitated delirium, and 10/58 patients crossed over to the sedation
group. The nurse—patient ratio was 1:1; the no-sedation group needed an additional
member of staff on 11 vs. 3 occasions for the sedation group, corresponding to
2.5 days of extra staff time.

Relevant considerations include the following: (1) morphine, midazolam, and
diazepam are generic medications and on the World Health Organization’s Essential
Medicines List [89], although in practice they may not be uniformly available; (2)
care of the mechanically ventilated patient with sepsis requires attentive nursing and
medical expertise, including the administration and monitoring of intravenous seda-
tion; and (3) depending on staffing models, medical attendance to a patient who
self-extubates and requires reintubation may be delayed, particularly outside of
weekday daytime hours. Diazepam may be particularly challenging to use because
of its active metabolites and long half-life. Systematic reviews have not documented
an increased risk of device removal with “light” sedation approaches [95, 99].
Existing literature from high-income countries derives from ICUs with one nurse
per one to two patients. These issues point to the need for caution in managing seda-
tion needs in low-resource ICUs, many of which have less nursing staffing.

After reviewing the evidence (no additional trials from low-resource ICUs) and
considering availability, feasibility, affordability, and safety, our recommendation
and grading are consistent with the Surviving Sepsis guidelines. The group believes
that continuous or intermittent sedation be minimized in mechanically ventilated
sepsis patients, targeting specific titration end points (ungraded good practice
statement).

Of note, management of intravenous sedation for mechanically ventilated septic
patients requires attentive nursing and medical expertise and sufficient staffing to
handle risks of agitated delirium and device removal. There are no trials of continu-
ous vs. bolus sedation dosing in resource-limited settings.
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5.4 Neuromuscular Blocking Agents
for Mechanical Ventilation

The role of neuromuscular blocking agents in the ICU is undefined, and there is no
clear evidence that neuromuscular blockade in septic mechanically ventilated
patients reduces mortality or morbidity. Nevertheless, neuromuscular blocking
agents are often administered to critically ill patients to prevent patient—ventilator
dyssynchrony [104], a strategy that anecdotally may be practiced more frequently
in resource-limited ICUs than in resource-rich settings. Other indications for neuro-
muscular blockade are to reduce peak airway pressures and to improve chest wall
compliance [104] and to reduce oxygen consumption by decreasing the work of
breathing and respiratory muscle blood flow [105].

The MEDLINE search did not result in any study from resource-limited ICUs
that directly answered the question of interest. We discuss several studies from
resource-rich ICUs. The 2016 Surviving Sepsis guidelines suggest using neuromus-
cular blockers for <48 h in adults with sepsis-induced acute respiratory distress
syndrome (ARDS) and a PaO,/FiO, ratio <150 mmHg (weak recommendation,
moderate quality of evidence). One recent systematic review [106] of three trials
(all from France) in patients with ARDS showed improved survival, more ventilator-
free days at day 28, higher PaO,/FiO, ratio, and less barotrauma with continuous
infusions of the neuromuscular blocking agent cisatracurium for 2 days compared
to standard care [107—109]. Most patients in these three trials met criteria for sepsis.
The incidence of ICU-acquired weakness was not affected. Several previous obser-
vational studies have found an association of neuromuscular blockade with weak-
ness in patients with severe asthma [110-112], although this signal has not been
uniform [113, 114]. Several areas of uncertainly remain. First, peripheral nerve
monitoring of the depth of neuromuscular blockade (i.e., train-of-four [TOF] stimu-
lation) was only performed in the two smaller trials [107, 108]. Current guidelines
[6] suggest that TOF may be useful for monitoring depth blockade but only if incor-
porated with clinical assessment and suggest that TOF may not be used alone for
this purpose. Second, it is uncertain whether a neuromuscular blocking agent other
than cisatracurium would have similar effects. Further information about the effects
of neuromuscular blockade in the acute respiratory distress syndrome will be avail-
able after completion of a large ongoing trial [115].

Selected neuromuscular blocking agents (albeit not cisatracurium) are on the
World Health Organization’s Essential Medicines List [89] and should therefore be
available in resource-limited settings, although in practice they may not be uni-
formly available. Even if available, associated costs can be substantial when given
in a continuous fashion, as this delivery method increases the amount given and
requires a syringe pump. The literature is conflicting regarding the benefits of TOF
monitoring over clinical judgment to guide administration of neuromuscular block-
ers [116—118], with only a weak recommendation in favor [6], but it may reduce the
amounts given, leading to faster recovery of neuromuscular function, shorter dura-
tion of intubation, and lower costs. On the other hand, costs of TOF meters could
minimize any financial benefit of neuromuscular blockade. Attentive nursing and
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medical care are required to care for patients on neuromuscular blockade, with cur-
rent guidelines suggesting structured physiotherapy and glucose control (to
<180 mg/dL, <10 mmol/L) for these patients [6]. The safety of continuous neuro-
muscular blockade in the absence of capnography or arterial blood gas analysis is
not established.

After reviewing the evidence (no additional trials from low-resource ICUs) and
considering availability, feasibility, affordability, and safety, our first recommenda-
tion and grading are consistent with the Surviving Sepsis guidelines. We suggest
neuromuscular blockade for a maximum of 2 days in mechanically ventilated septic
patients with ARDS and PaO,/FiO, ratio < 150 mmHg (SpO./FiO, ratio < 190)
(moderate quality of evidence). Of note, attentive nursing and medical care are
essential requirements to care for patients on neuromuscular blockade. We suggest
monitoring the depth of blockade through TOF stimulation when neuromuscular
blocking agents are administered by continuous infusion. The safety of continuous
neuromuscular blockade in the absence of capnography or arterial blood gas analy-
sis is not established. The conversion of PaO,/FiO, ratio to SpO,/FiO, ratio is from
reference [119].

The group believes that neuromuscular blocking agents should not be adminis-
tered when sedation and analgesia can prevent patient—ventilator dyssynchrony
(ungraded good practice statement). The group believes that sedation and analgesia
should be used before and during neuromuscular blockade to achieve suitable seda-
tion (ungraded good practice statement). This statement is consistent with recent
guidelines [6].

5.5 Deep Venous Thrombosis Prophylaxis
in Resource-Limited ICUs

Venous thromboembolism (VTE) is a common and severe complication of criti-
cal illness and includes the entities of deep venous thrombosis and pulmonary
embolism [120, 121]. VTE is recognized as being the commonest preventable
cause of hospital death in resource-rich settings, and evidence strongly supports
the value of VTE prophylaxis [122, 123]. Guidelines of many scientific societies
strongly recommend that every hospital should have a policy for VTE prophy-
laxis [122, 123].

Sepsis has been demonstrated to be an independent risk factor for the develop-
ment of VTE in critically ill patients [7, 120, 124—127]. Therapeutic modalities
involved in the management of septic critically ill patients may further contribute to
the risk, including mechanical ventilation, central venous catheters, and vasopres-
sors. The inflammatory milieu of sepsis is felt to play an important role in the patho-
genesis of VTE [127-130]. Patients with certain forms of infections, such as HIV/
AIDS and tuberculosis (TB), which are commonly seen in resource-limited envi-
ronments, have been shown to be at particularly high risk for VTE [7, 131-135].

An association between mortality and lack of prophylaxis in ICU patients has
been demonstrated in both resource-rich and resource-limited settings [136—138].
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Data from developing countries, however, has revealed a significant underutilization
of VTE prophylaxis [138, 139].

The MEDLINE search did not produce any trials that directly answered this
question in resource-limited settings. Several relevant guidelines, recommenda-
tions, commentaries, overviews, and studies of VTE prophylaxis were identified, in
addition to one retrospective cohort of patients with VTE [140].

The 2016 Surviving Sepsis guidelines [1] make two strong recommendations
(moderate quality of evidence): pharmacologic prophylaxis (unfractionated heparin
[UFH] or low-molecular-weight heparin [LMWH]) against venous thromboembo-
lism (VTE) in the absence of contraindications to the use of these agents and LMWH
rather than UFH for VTE prophylaxis in the absence of contraindications to the use
of LMWH. The guidelines also make two weak recommendations (low quality of
evidence): combination pharmacologic VTE prophylaxis and mechanical prophy-
laxis, whenever possible, and mechanical VTE prophylaxis when pharmacologic
VTE is contraindicated.

Sepsis guidelines for Pakistan recommend daily pharmacologic prophylaxis
(UFH twice daily or LMWH, depending on hospital policy and environment), with
intermittent pneumatic compression (IPC) in the case of coagulopathy or low plate-
lets. Where IPC is not available, graduated compression stockings (GCS) are advo-
cated [69]. The South African Guideline on venous thromboembolism recommends
pharmacologic prophylaxis with UFH (three times per day) or LMWH until the
patient is fully mobile and states that evidence-based data show LMWH to be supe-
rior to UFH. Mechanical prophylaxis (GCS or IPC) is suggested as an alternative
for patients at high risk of bleeding [7].

VTE prophylaxis has been shown to be effective in a plethora of trials in various
populations of acutely ill patients [141-147]. At least two well-conducted system-
atic reviews further corroborate the efficacy of VTE prophylaxis [148, 149]. Many
of the patients studied in these trials had sepsis. The Surviving Sepsis Campaign
guidelines and the American College of Chest Physicians guidelines both strongly
recommend VTE prophylaxis in the absence of contraindications [1, 123]. Similarly,
VTE prophylaxis is advocated in various guidelines, overviews, and commentaries
addressing resource-limited settings [2, 124, 138].

Studies have shown that the practice of VTE prophylaxis is suboptimal globally
[150, 151]. VTE underutilization, nonadherence to guidelines, and lack of aware-
ness of risk factors have been documented in resource-limited settings [137-139,
152-154]. For example, in an observational study from India, 100% of ICU patients
were assessed as being at highest risk for VTE [138]. Just over 25% deemed to be
at the highest risk for VTE had sepsis or bloodstream infection; only 11% of the
highest risk patients received VTE prophylaxis. VTE has also been documented to
be a common finding at autopsy, with many patients noted to be young [155] and to
have had septic shock [156].

Guideline adherence and VTE risk stratification are often lacking in resource-
limited settings. In a cross-sectional descriptive study conducted in a tertiary care
hospital in Nigeria, almost three-fourth of physicians did not perform VTE risk
assessment of patients, and only 18.8% follow guidelines on VTE prophylaxis
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[157]. Similar data regarding low level of awareness of VTE risk factors has been
reported in a national cross-sectional study from Mexico [158]. In an overview of
strategies to reduce mortality from bacterial sepsis in adults in developing countries,
the authors point out that VTE prophylaxes are both warranted and available in most
resource-limited settings [55].

Recently, a prospective multicenter study (n = 113) from a high-resource setting
[127] found a three- to tenfold higher incidence of VTE in patients admitted with
sepsis and septic shock compared to published reports in primarily non-septic ICU
patients. The incidence of VTE was 37.2%, and the majority of emboli (88%) were
clinically significant pulmonary emboli or DVT. Patients with VTE had a statisti-
cally significant increased length of hospital stay of approximately 5 days. Insertion
of a central venous catheter and longer duration of mechanical ventilation were
additional risk factors. The higher incidence of VTE in this cohort occurred despite
pharmacological prophylaxis, with the authors suggesting that higher doses of phar-
macological prophylaxis or combination prophylaxis with both heparinoids and
mechanical devices may be more effective in septic patients.

Prophylaxis involves both pharmacological and mechanical modalities; the for-
mer most frequently includes UFH or LMWH. A systematic review of seven trials
(n = 7226) of heparin prophylaxis in critically ill patients found that any heparin
prophylaxis decreased VTE, with LMWH being superior to UFH for the outcome of
pulmonary embolism. There was no effect of any heparin vs. placebo and no effect
of LMWH vs. UFH on major bleeding [159]. A Cochrane systematic review of
heparin (UFH or LMWH) in acutely ill medical patients (excluding stroke and myo-
cardial infarction; 16 trials, n = 34,369) revealed a significant reduction in VTE in
patients who received any form of heparin prophylaxis. LMWH was superior to
UFH and was associated with less major bleeding [ 160]. The PROTECT Investigators
evaluated LMWH versus UFH in 3764 medical-surgical ICU patients and demon-
strated no effect on proximal deep vein thrombosis but fewer pulmonary emboli in
patients assigned to LMWH [161]. Pharmacological prophylaxis has been shown to
be cost-effective for VTE prevention, with LMWH superior to UFH in an economic
analysis of PROTECT [162, 163].

Mechanical measures include elastic GCS, IPC, and venous foot pumps. All
these modalities have been shown to be beneficial in reducing VTE, likely by
increasing venous blood flow and enhancing endogenous fibrinolysis [164]. A
recent systematic review (70 trials, n = 16,164 [165]) found that IPC reduced VTE
compared to no IPC prophylaxis and GCS and had similar effect vs. pharmacologi-
cal prophylaxis but with a reduced risk of bleeding. Adding pharmacological pro-
phylaxis to IPC further reduced the risk of deep venous thrombosis vs. IPC alone.

Pharmacological prophylaxis is generally available in resource-limited ICUs and
can be delivered feasibly and safely. The WHO Essential Medicines List includes
both heparin and enoxaparin [89]. Mechanical modalities may not be available in
many resource-limited ICUs but have the added potential advantage of being reuse-
able, which would lower costs.

After reviewing the evidence (no additional trials and one guideline from low-
resource ICUs) and considering availability, feasibility, affordability, and safety, our
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recommendations and grading are consistent with the Surviving Sepsis guidelines,
except when noted. We recommend UFH or LMWH to prevent VTE in patients with
no contraindications to these medications (moderate quality of evidence). We rec-
ommend LMWH over UFH in patients with no contraindications to LMWH assum-
ing availability of both medications (moderate quality of evidence). We suggest
mechanical VTE prophylaxis when UFH and LMWH are contraindicated or
unavailable (low quality of evidence). Of note, mechanical prophylaxis includes
GCS and IPC devices; GCS may be less effective than IPC devices but are far more
likely to be available. We suggest combination mechanical (IPC devices) and phar-
macologic prophylaxis if possible (low quality of evidence). Of note, mechanical
prophylaxis includes GCS and IPC devices; GCS may be less effective than IPC
devices but are far more likely to be available. The group believes that VTE prophy-
laxis should be continued until the patient is fully mobile (ungraded good practice
statement). This statement is consistent with that made in the South African VTE
guideline [7].

5.6  Stress Ulcer Prophylaxis in Patients with Sepsis
in Resource-Limited ICUs

Stress ulceration of the gastric mucosa in critically ill patients has been studied for
many years, with mechanical ventilation for >48 h and presence of coagulopathy
identified as risk factors [166]. A recent multicenter observational study conducted
in 11 high-income countries found that clinically important gastrointestinal (GI)
bleeding occurred in 2.6% (95%CI 1.5-3.6%) of patients [167]. In this study, inde-
pendent risk factors for GI bleeding included >3 comorbidities, liver disease, use of
renal replacement therapy, coagulopathy, higher organ failure score, and use of acid
suppressants at ICU admission (possibly due to confounding by indication).
Systematic reviews of trials from mostly high-income countries have shown that
either histamine-2 receptor antagonists (H2RAs) or proton-pump inhibitors (PPIs)
reduce GI bleeding [168], with some evidence that PPIs are superior [169].

A MEDLINE search of recent literature (2012-2016) did not identify trials
addressing this question. Previous systematic reviews [168, 169] included two trials
(India) and five trials (Brazil, China, Iran, India) from middle-income countries,
respectively.

The 2016 Surviving Sepsis guidelines [1] recommend, based on low quality of
evidence, that stress ulcer prophylaxis be given to patients with sepsis or septic
shock with risk factors for GI bleeding (strong recommendation) and suggest that
either PPIs or H2RAs be used (weak recommendation). New data on the efficacy of
stress ulcer prophylaxis will become available after ongoing trials of PPI vs. pla-
cebo are completed [170, 171].

Many H2RAs and PPIs are available as generic preparations and in principle
should be widely available. Omeprazole and ranitidine (both in oral and injectable
forms) are on the WHO Model List of Essential Medicines [89]. Systematic reviews
of trials have not shown statistically significant differences in rates of pneumonia
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among PPIs, H2RAs, or control [168, 169]; trials have not addressed the compara-
tive risk of C. difficile infection. Observational studies on the association between
risk of C. difficile infection and stress ulcer prophylaxis with PPI have produced
inconsistent results [172, 173].

After reviewing the evidence (no additional trials from low-resource ICUs) and
considering availability, feasibility, affordability, and safety, our recommendations
are consistent with the Surviving Sepsis guidelines. We recommend that stress ulcer
prophylaxis be given to patients with sepsis or septic shock with risk factors for GI
bleeding (low quality of evidence). Risk factors for GI bleeding include mechanical
ventilation for >48 h, coagulopathy, renal replacement therapy, liver disease, mul-
tiple comorbidities, and higher organ failure score. We suggest that either PPIs or
H2RAs be used for stress ulcer prophylaxis (low quality of evidence).

5.7 Glucose Control in Patients with Sepsis
in Resource-Limited ICUs

Dysglycemia frequently occurs in critically ill patients. Hyperglycemia may be
associated with critical illness or less frequently due to diabetic ketoacidosis [174].
Certain infectious diseases, e.g., malaria, are associated with an increased risk of
hypoglycemia, particularly in children and patients with limited glycogen stores,
like malnourished patients or subjects with liver disease [175]. Hypoglycemia may
also develop as a side effect of continuous insulin infusion for control of critical
illness-associated hyperglycemia [176].

While early trials showed reduced mortality and morbidity with continuous
intravenous administration of insulin aiming for normoglycemia (80-110 mg/dL,
4.4-6.1 mmol/L) in critically ill adult and pediatric patients [177, 178], subsequent
trials of “intensive insulin therapy” suggested harm [176]. Also, almost without
exception, “intensive insulin therapy” results in a much higher incidence of severe
hypoglycemia (<40 mg/dL, 2.2 mmol/L) [176]. Consequently the international
guidelines, including the Surviving Sepsis Campaign guidelines [1], moved from
recommending “intensive insulin therapy” to recommending prevention of hyper-
glycemia (defined as >180 mg/dL, >10 mmol/L). One of the five systematic reviews
of “intensive insulin therapy” [179-183] showed “intensive insulin therapy” to be
beneficial only in surgical ICU patients (risk ratio, 0.63 [0.44-0.9]) [180], but
another review refuted this finding [181].

Blood glucose control with intravenous insulin is a very complex intervention,
independent of the targets used [174, 176]. Many different protocols for the titration
of intravenous insulin in ICU patients have been published [184]. It is unknown
which of these protocols have been implemented in ICUs beyond the centers where
they were designed, let alone whether they are effective and safe in other surround-
ings. It is generally considered important to guide the titration of intravenous insulin
in ICU patients by frequent measurements of the blood glucose level [174], a strat-
egy that is time- and blood-consuming and expensive. Also, it is advised to prefer
bedside-based blood gas analyzers over finger-stick blood glucose tests, as accuracy
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of capillary blood glucose monitoring could be too low to guarantee safe and effec-
tive titration of intravenous insulin in ICU patients [176].

While insulin infusion is preferred over oral antihyperglycemic agents for blood
glucose control in the ICU [174], a large variety of oral antihyperglycemic agents
are available that may simplify and possibly improve blood glucose control in
the ICU.

The MEDLINE search did not find trials of “intensive insulin therapy” from
resource-limited ICUs. The search, however, identified one recent consensus guide-
line on blood glucose management in India [8] and three small Iranian trials of the
oral antidiabetic agent, metformin [185—187]. Major issues of the Indian guideline
are discussed, as are the results from the trials of metformin. We do not discuss the
importance of preemptive treatment of hypoglycemia in patients with malaria but
refer to another set of guidelines from our group, focusing on management of den-
gue and malaria [188].

The 2016 Surviving Sepsis guidelines [1] recommend a protocolized approach to
blood glucose management in ICU patients with sepsis, commencing insulin dosing
when two consecutive blood glucose levels are >180 mg/dL. This approach should
target an upper blood glucose level <180 mg/dL rather than an upper target blood
glucose level <110 mg/dL (strong recommendation, high quality of evidence). The
guidelines suggest the use of arterial blood rather than capillary blood for point-of-
care testing using glucose meters if patients have arterial catheters (weak recom-
mendation, low quality of evidence). The guidelines make two best practice
statements: blood glucose values should be monitored every 1-2 h until glucose
values and insulin infusion rates are stable and then every 4 h thereafter in patients
receiving insulin infusions; glucose levels should be obtained with point-of-care
testing of capillary blood be interpreted with caution because such measurements
may not accurately estimate arterial blood or plasma glucose values.

Recently, a group of experts in the fields of diabetes and intensive care medicine
from India framed recommendations regarding blood glucose control and monitor-
ing for Indian ICUs [8]. One recommendation was to use a simple protocol for
managing hyperglycemia for all critically ill patients, i.e., with no differences
between various types of ICUs. The guideline recommended that the blood glucose
target should be 140-180 mg/dL (7.8-10.0 mmol/L) in critically ill patients but
lower (110-140 mg/dL, 6.1-7.8 mmol/L) in patients after coronary bypass or
uncomplicated surgery; blood glucose target values <110 mg/dL (>6.0 mmol/L)
should be avoided; and insulin should be stopped when the blood glucose level
drops <70 mg/dL (<3.9 mmol/L; Table 5.3 shows the titration protocol of the Indian
guideline [8]). Despite absence of trials, the guideline recommended intravenous
over subcutaneous insulin because of the latter’s unreliable absorption and unpre-
dictable effects and risk of delayed hypoglycemia. Finally, they recommended mon-
itoring capillary blood glucose every hour or more frequently (e.g., every 20-30 min
in case of hypoglycemia, until hypoglycemia resolves).

A few small trials have investigated oral antihyperglycemic agents for blood glu-
cose control in ICU patients. Treatment with twice daily oral metformin was shown
to be as effective as continuous intravenous administration of insulin in reducing the
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Table 5.3 Example of a simple protocol of blood glucose control, as proposed for Indian inten-
sive care units

Start intravenous insulin when blood glucose level >180 mg/dL

Start insulin infusion (U/L) by dividing the blood glucose value in (mg/dL) by 100 and
rounding it off to the nearest decimal (e.g., if blood glucose level is 237 mg/dL, then start
insulin infusion at a rate of 2 units/h, and, e.g., if blood glucose value is 387 mg/dL, then start
insulin infusion at a rate of 4 units/h)

Titrate intravenous insulin dosage according to the prevailing blood glucose level:

<110 mg/dL No insulin
110-149 mg/dL 1.0 unit/h

150-99 mg/dL 2.0 units/h
200-249 mg/dL 2.5 units/h
250-299 mg/dL 3.0 units/h
300-349 mg/dL 3.5 units/h
350-399 mg/dL 4.0 units/h
400-449 mg/dL 4.5 units/h
450-499 mg/dL 5.0 units/h
500-549 mg/dL 5.5 units/h
550-599 mg/dL 6.0 units/h

Adapted from [8]. To convert mg/dL to mmol/L, divide by 18

blood glucose level in a trial in 51 critically ill trauma patients who presented with
hyperglycemia [185]. Of note, it remained unclear what blood glucose targets were
used in patients treated with insulin, and blood glucose levels were only marginally
reduced over the 3-day observation period. Also, it was not mentioned how frequent
blood glucose levels were measured, and incidence of hypoglycemia was not
reported. In a trial of 24 critically ill patients after major trauma or non-abdominal
surgeries, continuous intravenous administration of insulin caused a greater reduc-
tion in blood glucose concentration than metformin alone, but the latter strategy
required less attention and trained personnel [186]. Hypoglycemia did not occur in
this trial. A third trial in 21 ICU patients with systemic inflammatory response syn-
drome compared oral metformin plus intravenous insulin to intravenous insulin and
found reduced insulin requirement and nursing workload with similar glucose con-
trol [187]. All trials were at high risk of bias—they lacked a description of random-
ization and allocation concealment—one trial was described as double-blinded but
with no description of procedures [186], and all trials excluded some patients after
randomization.

We did not locate trials of subcutaneous vs. intravenous insulin in critically ill
patients, but pharmacologic considerations suggest that titration of insulin dose in
response to changing plasma glucose values is much more feasible with intravenous
administration.

Critical illness-associated hyperglycemia is common, and short-acting insulin is
widely available, cheap, and on the WHO Essential Medicines List [89]. Blood
glucose control with continuous intravenous insulin is a complex intervention that
requires a continuous infusion pump and close monitoring, with an increased risk
for hypoglycemia when blood glucose monitoring is insufficient. Choosing a higher
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glucose threshold and using a simple insulin titration protocol applicable for all ICU
patients could reduce complexity and costs. Frequent blood glucose measurements,
as suggested in the Indian guideline for blood glucose control [8], may only be fea-
sible and affordable when using finger-stick blood glucose tests, but these remain
less accurate than more costly venous or arterial blood samples.

Use of the cheap and widely available metformin may simplify blood glucose
control in critically ill patients. However, concerns remain over the risk of lactic
acidosis [189], uncertain biological availability of orally administered antihypergly-
cemic agents, and lack of adequate trial data. The US Food and Drug Administration
label for metformin advises that metformin is contraindicated in patients with an
estimated glomerular filtration rate (eGFR) <30 mL/min/m?, not recommended
when eGFR is 30-45 mL/min/m?, and should be withheld “in the presence of any
condition associated with hypoxemia, dehydration, or sepsis.”

After reviewing the evidence (no additional trials from low-resource ICUs) and
considering availability, feasibility, affordability, and safety, our recommendations
are consistent with the Surviving Sepsis guidelines and the Indian guidelines [8].
We make no recommendations regarding metformin or other oral antidiabetic agents
for blood glucose control in the absence of adequate evidence from trials. We rec-
ommend a protocolized approach to blood glucose management in ICU patients
with sepsis, commencing when blood glucose >180 mg/dL (>10 mmol/L), with a
target blood glucose value <180 mg/dL (<10 mmol/L) (high quality of evidence).
The group believes that blood glucose levels obtained with finger-stick blood glu-
cose tests be interpreted with caution, as these measurements may not accurately
estimate arterial blood or plasma glucose values (ungraded good practice state-
ment). The group believes that a simple protocol for blood glucose management
should be implemented for all critically ill patients but only if frequent blood glu-
cose monitoring is feasible, safe, and affordable (ungraded good practice state-
ment). The group believes that insulin should be administered intravenously rather
than subcutaneously in ICU patients with sepsis (ungraded good practice
statement).

5.8 Enteral Feeding in Patients with Sepsis
in Resource-Limited ICUs

Nutrition is an integral component of critical care and evidence relating to its effi-
cacy, timing, composition, and route of administration has evolved substantially
over the past two decades. Although nutrition is no longer considered a purely sup-
portive element administered to critically ill patients in order to maintain lean body
mass, malnutrition and undernutrition remain a commonly encountered entity in
patients worldwide. Malnutrition is often unrecognized and is an independent risk
factor for increased morbidity, increased length of hospital stay and hospital costs,
delayed recovery, readmission, impaired quality of life, and mortality [190]. This
entity is of major relevance in resource-limited settings.
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Appropriately administered enteral nutrition (EN) is now believed to be associ-
ated with a reduction in complications, duration of stay in the ICU, and improved
patient outcomes [191, 192]. The provision of enteral nutrition plays a pivotal role
in maintaining gut integrity, thereby limiting the potential translocation of microor-
ganisms into the bloodstream, and is thought to favorably modulate stress and the
systemic inflammatory response, with subsequent diminution of cellular injury and
attenuation of disease severity [191-194]. Additional benefits of enteral nutrition
include its role in stress ulcer prophylaxis [2, 68, 191-193] and facilitation of elec-
trolyte replacement.

A MEDLINE and publication search did not produce any trials that directly
answered the question posed. The search identified two papers on recommendations
for sepsis management in resource-limited settings [2, 68] and a sepsis guideline
from Pakistan [69]. Several additional studies and guidelines from resource-rich
ICUs were identified and are discussed below.

Published guidelines are not consistent on recommendations for the timing and
amount of enteral feeding. The 2016 Surviving Sepsis guidelines suggest early ini-
tiation of enteral feeding rather than a complete fast or only IV glucose in critically
ill patients with sepsis or septic shock who can be fed enterally (low quality of evi-
dence) and suggest either trophic/hypocaloric or early full enteral feeding in sepsis
and septic shock, with advancement of feeds according to tolerance if the former
strategy is used (moderate quality of evidence) [1]. The 2015 Canadian Clinical
Practice Guidelines (available at www.criticalcarenutrition.com) recommend con-
sideration of intentional underfeeding of calories (not protein) in patients with low
nutrition risk, but not high nutrition risk, and recommend against initial trophic
feeding in ARDS. The 2016 SCCM/ASPEN guidelines recommend either trophic
or full nutrition by EN in patients with ARDS or an expected duration of ventilation
of >72 h [192].

No trial has specifically addressed early enteral feeding in septic patients. Data
from a heterogeneous group of critically ill patients has revealed evidence of benefit
of early enteral (<48 h) nutrition in reducing infectious complications [191, 193,
195-200], length of mechanical ventilation [198, 201], and length of ICU and hos-
pital stays [198, 201], with a trend toward decreased mortality [192].

Several guidelines, recommendations, and opinion papers warn against the use
of early enteral nutrition in hemodynamically unstable patients because of the risk
of gastrointestinal ischemia [191, 202]. Suggestions regarding the initiation of
enteral nutrition for resource-limited environments advocate administration as early
as possible but only after the patient has been adequately resuscitated and is fully
awake, or if intubated, after hemodynamic function has stabilized [2, 68].
Additionally, patients receiving EN should be assessed for the risk of aspiration, and
steps to reduce this risk should be employed. One small trial in Bangladesh of early
nasogastric EN in non-intubated patients with malaria and depressed level of con-
sciousness was terminated early because of an increased aspiration risk in the early
feeding group [203].

Risk factors for aspiration are described (Table 5.4) [192]. The potential associa-
tion of bolus EN with aspiration has been shown [204], and recent guidelines


http://www.criticalcarenutrition.com

108 M. Mer et al.

Table 5.4 Risk factors for aspiration

Inability to protect the airway Neurologic deficits
Reduced/diminished level of consciousness Age > 70 years

Supine position Inadequate nurse/patient ratio
Presence of nasoenteric enteral access device Gastroesophageal reflux
Mechanical ventilation Transportation out of ICU
Poor oral care Use of bolus intermittent EN

Adapted from [192]

suggest continuous EN for high-risk patients or those intolerant of bolus gastric EN
[192]. Additional benefits of continuous EN may include fewer interruptions in
delivery and delivery of an overall greater volume [205-210]. Additional measures
to limit the risk of aspiration include the use of promotility agents, elevation of the
head of the bed to 30-45°, chlorhexidine oral care, reduction in the levels of seda-
tion and analgesia, and limiting transportation out of the ICU for diagnostic tests
and procedures [211]. Measurement of gastric residual volumes has not been shown
to reduce aspiration risk. Most recent guidelines, commentaries, and reviews rec-
ommend that gastric residuals not be used to monitor ICU patients on EN [202,
212]. Promotility agents, including metoclopramide (10 mg three to four times
daily) and erythromycin (3—7 mg/kg per day), have been advocated in resource-rich
environments in patients at high risk of aspiration. Adverse effects include dyskine-
sia in the elderly with metoclopramide and cardiac toxicity and concerns regarding
bacterial resistance with erythromycin [192, 202, 213]. This practice may not
always be feasible in resource-limited environments. Elevation of the head of the
bed to 30-45° [214, 215] and chlorhexidine oral care [216, 217] have been shown
to significantly reduce the incidence of pneumonia.

Energy and protein requirements and methods to calculate them in critically ill
patients have been the subject of much debate. Weight-based formulations are
regarded as acceptable estimates of nutritional requirements in most critically ill
patients (criticalcarenutrition.com), based on lack of evidence for indirect calorim-
etry [218-221].

Nutrition encompasses the provision of macronutrients (protein, lipid, carbohy-
drate) and micronutrients (vitamins and minerals/trace elements) (Table 5.5).
Energy requirements for the critically ill are generally in the range of 25-30 kcal/
kg/day, with protein requirements 1.2-2.0 g/kg/day, with 1.5 g/kg/day generally
regarded as being appropriate [192, 199, 202, 220, 222]. This calculation is not
necessarily applicable in obese patients where high-protein, hypocaloric feeding
has more recently been advocated (2.0-2.5 g protein/kg ideal body weight/day and
65-70% of caloric requirements) to maintain lean body mass, promote loss of fat
mass, and improve clinical outcome [192, 202, 223-225]. Vitamins and trace ele-
ments are organic compounds and ions that usually act as cofactors for enzymes
involved in metabolic pathways or are structurally integral components of enzymes
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Table 5.5 Suggested average daily nutritional requirements for most critically ill patients

Energy requirements ‘ 25 kcal/kg
Macronutrients
Protein 1.5 g/kg (1 g protein = 4 kcal)
Carbohydrate 4e/kg(lg
carbohydrate = 3.75 kcal)
Lipid 1 g/kg (1 g lipid/fat = 9.3 kcal)
Electrolytes
Sodium 1-2 mmol/kg
Potassium 1 mmol/kg
Chloride 1-2 mmol/kg
Calcium 0.1 mmol/kg
Magnesium 0.1 mmol/kg
Phosphate 0.1-0.4 mmol/kg
Vitamins

Water-soluble—B complex, folate, vitamin C, vitamin B,
Fat-soluble—A, D, E, K
Trace elements

Iron 10 mg
Zinc 15 mg
Copper 3 mg

Iodine 150 pg
Manganese 5pg

Chromium 200 pg
Selenium 200 pg

Adapted from [192, 199, 202, 218, 235]

that may be involved in electron transfer. The provision of antioxidant vitamins and
trace elements has been associated with improved outcome in several trials [192,
226-229], but the signal has not been uniform, and a recent systematic review found
no benefit of selenium [230].

Recommendations for resource-limited environments have suggested that EN be
administered as early as possible but only after the patient has been fully resusci-
tated, demonstrates the ability to swallow, and is awake, in which case small
amounts of food and drink may be allowed [2, 69]. The Sepsis Guidelines for
Pakistan recommend that in basic hospitals (without intensive care backup and with
general physicians), oral feeding as tolerated should be commenced within 48 h
instead of only intravenous glucose. They suggest that in intermediate setups (hos-
pitals with level 2 ICUs that are managed by non-intensivists and with access to
in-house basic laboratory and diagnostic facilities), enteral feeding be considered
within 48 h of sepsis, starting with 500 kcal/day and gradually advanced as toler-
ated. These guidelines advise against full caloric feed in the first week. In tertiary
care setups, initiation of EN is recommended within 48 h, with parenteral nutrition
(PN) alone or to supplement enteral feeding not recommended for the first 7 days of
a severe infection [69].
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Type of enteral feed and the selection of an appropriate enteral formulation have
been the subjects of many investigations. In resource-limited environments where
commercial feeds may not be available or affordable, hospital-prepared foods may
be administered to the patient. Recipes may vary according to countries, regions,
and available ingredients. Recommendations include the administration of milk
supplemented by cooking oil, salt, sugar, soya, and a multivitamin tablet via a naso-
gastric tube in intubated hemodynamically stable patients [2] to mixtures involving
eggs, milk powder, soya, maize oil, rice, squash, flour, sugar, and fruit. Mixing these
foodstuffs in a blender with subsequent administration has been suggested (Towey
R, Dunser M, Mer M—personal communications) but may result in unpredictable
levels of both macro- and micronutrients. Where commercially available feeds are
available, a standard polymeric formula is recommended [192]. These preparations
contain intact proteins, fats, and carbohydrates (which require digestion prior to
absorption), in addition to electrolytes, trace elements, vitamins, and fibers, and
tend to be lactose-free. Commonly used ingredients in these products include the
casein (protein from milk), soy protein, maize and soya oils, and the carbohydrate
maltodextrin. In general, a ready-to-use standard feed will contain 1 kcal and 0.04 g
protein per mL and is usually well tolerated [192].

The utilization and employment of feeding protocols are advocated in several
guidelines, studies, commentaries, and recommendations. They are associated with
an increase in the overall percentage of nutrition provided and may also positively
impact outcome [68, 192, 202, 231-234].

Complications of nutritional support include the refeeding syndrome in patients
who are severely malnourished or who have undergone a significant period of star-
vation. The mechanism relates to in a loss of intracellular electrolytes in starvation
or undernutrition, followed by an insulin-mediated influx of electrolytes and thia-
mine into the cells when carbohydrate is provided, which can result in rapid and
marked reductions in serum levels of phosphate, magnesium, potassium, and cal-
cium. Patients may also develop lactic acidosis. Clinical features include edema,
diarrhea, neuromuscular abnormalities, seizures, coma, cardiac arrhythmias, and
respiratory failure. Risk factors for the refeeding syndrome include a BMI of less
than 18.5 kg/m?; weight loss of greater than 10—~15% in the prior 3—6 months; little
or no nutritional intake for more than 5 days; history of alcohol abuse or drugs
including insulin, chemotherapy, antacids, or diuretics; and very low levels of phos-
phate, potassium, and magnesium. At-risk patients should be identified, and feeding
must be commenced slowly. It has been suggested that feeding commence at
5-10 kcal/kg/day with a gradual escalation over 4-7 days. Electrolytes must be
closely monitored and replaced. Thiamine and other B vitamins should be given
intravenously prior to commencing feeding and then daily for at least 3 days [235].

Overfeeding should be avoided as it may be associated with fluid overload, wors-
ening renal function, hyperglycemia, hyperlipidemia, fatty liver, and hypercapnia
(particularly with excess carbohydrate administration) with delayed weaning from
mechanical ventilation more difficult. It has also been associated with a less favor-
able outcome [202, 235].
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Enteral feeding is feasible, readily available, and can be made affordable.
Parenteral nutrition is generally not available. Patients should be adequately resus-
citated, hemodynamically stable, and caution exercised to limit the possibility of
aspiration. Where commercial feeds are not available, hospital-prepared foods may
be administered. Non-intubated patients, in whom oral feeding is to be initiated,
should be awake and able to swallow. Steps in the care of the patient fed enterally
with a gastric tube may be remembered using our coined acronym “COPE” and
include continuous infusion, oral care with chlorhexidine, prokinetic agent use (as
needed and where feasible), and elevation of the head of the bed (30-45°).

After reviewing the evidence (no additional trials from low-resource ICUs) and
considering availability, feasibility, affordability, and safety, our recommendations
are consistent with the Surviving Sepsis guidelines, except when noted. We make no
recommendations regarding PN due to general lack of availability and therefore
relevance to resource-limited ICUs. We suggest early enteral feeding as tolerated in
patients with sepsis and septic shock (low quality of evidence). Additional consid-
erations include starting oral or enteral intake within 24-48 h in adequately resusci-
tated and hemodynamically stable patients, taking measures to reduce the risk of
aspiration, and being aware of the refeeding syndrome in the first few days follow-
ing EN initiation in severely malnourished or starved patients. The risk of aspiration
may be increased in enterally fed non-intubated comatose patients with inadequate
nursing supervision. We suggest either early trophic/hypocaloric or early full enteral
feeding in critically ill patients with sepsis or septic shock; if trophic/hypocaloric
feeding is the initial strategy, then feeds should be advanced according to patient
tolerance (moderate quality of evidence). We suggest advancing feeds over the first
week of ICU stay and note that many patients in low-resource ICUs would be
expected to be at high nutrition risk and therefore to benefit from full enteral feed-
ing. We suggest establishing the energy and protein requirements to determine the
goals of nutrition therapy using weight-based equations (low quality of evidence).
This recommendation is consistent with the 2015 Canadian Clinical Practice
Guidelines (available at www.criticalcarenutrition.com), which makes no recom-
mendation on indirect calorimetry vs. predictive equations. We suggest a feeding
protocol to optimize delivery EN (moderate quality of evidence). This recommen-
dation is consistent with the 2015 Canadian Clinical Practice Guidelines (available
at www.criticalcarenutrition.com).

5.9 Dialysis in Patients with Sepsis-Induced Acute Kidney
Damage in Resource-Limited ICUs

Although population-based data on the burden of acute kidney injury (AKI) are
sparse, acute and chronic renal failure have been estimated to account for approxi-
mately 3% of all deaths in India [236], and AKI likely contributes to a much higher
proportion of deaths from sepsis. In low-resource rural settings, community-
acquired AKI is more common than hospital-acquired AKI in medically complex
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patients and typically affects young previously healthy patients who develop this
complication after obstetrical crisis, trauma, poisoning, or sepsis. Many patients
with these conditions present late to hospital with established AKI that does not
improve with resuscitation [237], raising the importance of renal replacement ther-
apy for these conditions as a bridge to recovery. Logistical barriers to the deploy-
ment of IHD in these settings include lack of reliable electricity and water supply.
In contrast, gravity-based PD can be implemented and in theory is more sustainable
because of the requirement for consumables only.

No recent trials of IHD vs. PD in sepsis were identified in a search of recent
MEDLINE references (2012-2016). One trial compared high-volume peritoneal
dialysis to extended daily dialysis in ICUs in two Brazilian hospitals [238]; nearly
half the enrolled patients had sepsis. Results of the intention-to-treat analysis were
not reported, and treatment groups did not appear well-matched at baseline; overall
mortality was 64% and did not differ between groups. The search also revealed
several observational studies of adults [239-245] or children [242, 245-248] treated
with PD or HD, including one study of CRRT under combat conditions [249].
Among these studies, the median mortality was 30%. Several commentaries have
described the Saving Young Lives program of the International Society of
Nephrology [250-252], designed to establish sustainable acute PD programs in
very low-resource settings. Preliminary data describe 175 patients treated over
33 months in 8 hospitals in Africa and Asia, with one-third of patients surviving to
discharge with normal renal function [253].

Surviving Sepsis guidelines make no recommendations about the modality of
renal replacement in septic patients [1]. A prominent early trial from a single center
in Vietnam showed that continuous hemofiltration vs. peritoneal dialysis reduced
mortality in patients with severe acute kidney injury due to infection (malaria or
sepsis) [254]. More recently, a systematic review and meta-analysis [255] included
seven cohort studies and four trials of IHD vs. PD; the trials were conducted in
middle-income countries (Nigeria, India, Brazil, and Vietnam), and the observa-
tional studies were conducted in high- or middle-income countries. The risk of bias
of the trials was not described in detail, although all scored 3 or below on the 5-point
Jadad scale, and therefore could be considered as low quality. The quality of the
observational studies was not assessed. Meta-analyses showed no difference in mor-
tality (OR in trials 1.50, 95%CI 0.46—4.86; OR in observational studies 0.96, 95%CI
0.53-1.71).

Recent literature has emphasized the high potential for feasible and cost-effective
widespread deployment of PD to very low-resource settings, notwithstanding chal-
lenges of patient selection, ongoing training, and program sustainability [253].

Our recommendation is not informed by the Surviving Sepsis guidelines. We
suggest that patients with sepsis-induced AKI requiring renal replacement therapy
be supported with PD in centers with no current access to renal replacement therapy
(very low quality of evidence; case series only).

Remark: In centers with functioning IHD programs, we suggest that this modal-
ity continue to be used.
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5.10 Fluid Strategies in Patients with Sepsis in Resource-
Limited ICUs

Sepsis is traditionally treated with large volume fluid resuscitation, which frequently
causes accumulation of bodily fluids. However, numerous studies have demon-
strated that a positive fluid balance is independently associated with organ dysfunc-
tion and decreased survival [256-261]. Achieving a negative fluid balance, or
“de-resuscitation,” could improve organ function and outcome of critically ill
patients [262, 263].

The MEDLINE search did not find trials of “de-resuscitation” from resource-
limited ICUs. The search, however, identified one recent systematic review includ-
ing trials and observational studies that collectively enrolled a broad population of
patients and compared “conservative” to “nonconservative” fluid strategies [264].
We also discuss one trial of fluid strategies in patients with ARDS [263].

The 2016 Surviving Sepsis guidelines contain recommendations pertaining to
initial resuscitation, but do not address fluid management beyond that phase [1].

The best evidence that “de-resuscitation” may improve outcomes of critically ill
patients comes from a randomized controlled trial in 1000 patients with ARDS
[263]. In this trial, a “conservative” and a “liberal” strategy of fluid management
using complex but explicit protocols were compared in patients not in shock. In this
factorial trial, patients were also randomized to pulmonary artery vs. central venous
catheterization. The mean cumulative fluid balance during the first 7 days was sig-
nificantly more positive in the “liberal” strategy group (6992 + 502 mL versus
—136 =491 mL). While the difference in mortality at 60 days (25.5 vs. 28.4%) was
not statistically significant, the “conservative” strategy improved oxygenation and
lung function and increased the number of ventilator-free days (14.6 + 0.5 vs.
12.1£0.5 days) as well as the number of ICU-free days (13.4 £ 0.4 vs. 11.2+0.4 days)
during the first 28 days. Notably, while the “conservative” strategy did not increase
the incidence of shock during the study or the use of dialysis, it did result in higher
levels of blood urea nitrogen, bicarbonate, hemoglobin, and albumin. Also, there
were no significant differences in the number of failure-free days for other organs
other than the lung. Of note, although most patients in this trial met the criteria for
sepsis, it is unclear whether a “restrictive” strategy will have similar beneficial
effects when given to septic patients (i.e., in the absence of ARDS).

Trials comparing “conservative” with “liberal” strategy of fluid management in
patients with sepsis are lacking. One recently published systematic review [264],
including observational studies or trials (often testing interventions other than fluid
strategies), showed that the cumulative fluid balance after 1 week of ICU stay was
4.4 L more positive in non-survivors compared to survivors. A “conservative” fluid
strategy resulted in a less positive cumulative fluid balance of 5.6 L after 1 week of
ICU stay, which was associated with a lower mortality compared to patients treated
with a more liberal fluid management strategy (odds ratio, 0.42 [0.32-0.55]). It
should be noted, however, that this systematic review included studies of a broad
population of patients (including elective surgical patients) and did not report the
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most unbiased analysis possible, i.e., of outcomes in trials of patients randomized to
conservative vs. liberal fluid strategies.

It should be noted that the explicit protocols for fluid management in the trial in
ARDS patients [263] were quite complex. At least every 4 h, patients were assigned
to 1 of as many as 20 protocol cells on the basis of 4 variables: central venous pres-
sure or pulmonary artery occlusion pressure, the presence or absence of shock (a
mean systemic arterial pressure <60 mmHg or the need for a vasopressor), the pres-
ence or absence of oliguria (less than 0.5 mL/kg/h), and the presence or absence of
ineffective circulation (cardiac index of less than 2.5 L/min/m? or cold, mottled skin
with a capillary refilling time of more than 2 s), with each cell being associated with
an intervention and a reassessment interval. Apart from this complex approach, the
4-hourly reassessment and the need for a central venous catheter or pulmonary
artery catheter could hamper feasibility and affordability in resource-limited ICUs.

Our recommendations are not informed by the Surviving Sepsis guidelines. We
suggest conservative fluid administration in patients with sepsis who are not in
shock (low quality of evidence; indirect evidence from trials in other forms of criti-
cal illness). Conservative fluid administration requires development of a protocol
(e.g., incorporating shock, oliguria, jugular venous pressure, capillary refill; see ref-
erence [265] for a sample resuscitation protocol incorporating some clinical signs).
The protocol should specify the timing of re-evaluation between fluid interventions
determined by patient stability. No de-resuscitation protocol has been tested in low-
resource ICUs. The role of pressure monitoring via a central venous catheter to
direct resuscitation and de-resuscitation is contentious [266, 267]. Conservative
fluid administration may be associated with higher levels of blood urea nitrogen,
bicarbonate, hemoglobin, and albumin.
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6.1 Introduction

Evidence for recommendations on ventilatory support in patients with sepsis or
septic shock has been mainly gathered from investigations in resource-rich settings
[1, 2]. Often, it is not practical to directly translate this evidence to resource-limited
settings. Indeed, intensive care units (ICUs) in these settings are frequently restricted
in availability of equipment, laboratory support, and skilled staff [3].
Recommendations and suggestions are summarized in Table 6.1.

6.2 The Diagnosis of the Acute Respiratory Distress
Syndrome (ARDS)

ARDS is a combined clinical and radiographic diagnosis, which per the latest con-
sensus definition [4] requires the presence of acute bilateral chest infiltrates (onset
within less than 1 week), not primarily caused by hydrostatic pulmonary edema,
associated with hypoxemia based on PaO, to FiO, ratio (P/F) of less than 300 mm
Hg and requiring at least 5 cm H,O of positive end-expiratory pressure (PEEP).
Therefore, in order to diagnose ARDS, performance of a chest radiograph (CXR)
and arterial blood gas analysis (ABG) is necessary. However, the availability (or the
lack of) of CXR and ABG in resource-limited settings might preclude their timely
performance and utility in diagnosing septic patient with ARDS. It is not clear
whether the mere diagnosis of ARDS would impact care and/or outcomes of patients
with sepsis or septic shock with acute respiratory failure. There is a growing body
of evidence suggesting that the diagnostic utility of the ultrasound exam of the lung
compares well with that of the CXR [5-9]. When coupled with the performance of
point-of-care echocardiogram, the diagnosis of non-cardiogenic pulmonary edema
can be achieved in acutely hypoxemic patients, including those with sepsis
[10-12].

Low oxygen saturation to FiO, ratio (S/F) within 6 h of presentation to emergency
room was found to predict early development of ARDS [13]. A secondary analysis of
the ARDS Network trial of a lower tidal volume ventilator strategy showed that S/F
correlated with P/F in patients with ARDS [14]. Another study suggests that ARDS
patients diagnosed by S/F have very similar clinical characteristics and outcomes



6 Ventilatory Support of Patients with Sepsis or Septic Shock in Resource-Limited 133

Table 6.1 Recommendations and suggestions on ventilatory support in patients with sepsis or
septic shock in resource-limited settings (with grading)

1

ARDS
diagnosis

Use CXR and ABG in septic patients with acute respiratory failure to
diagnose ARDS (2B); where feasible, ultrasound exam of the lungs and
heart may be used to narrow down the diagnosis of non-cardiogenic
pulmonary edema (2D); oxygen pulse saturation relative to delivered
oxygen concentration (S/F) may be an alternative for the arterial oxygen
pressure relative to delivered oxygen concentration (P/F) for decision-
making and continuous monitoring in settings where blood gas analyzers
are absent (2D); patients with acute respiratory failure with or without
ARDS diagnosis should be managed employing the principles of
lung-protective mechanical ventilation (2B)

Semi-
recumbent
position

For ventilated septic patients, use elevated head-of-bed position ranging
from 30° to 45° unless their hemodynamic state precludes this (1B); lower
patient’s position to less than 30° head-of-bed elevation transiently for the
necessary procedures and during the resuscitation of the shock state until
hemodynamic status is improved (1B) or longer in cases of sacral
decubitus ulcer (1C)

NIV

Use invasive mechanical ventilation in cases of severe hemodynamic
disturbance (i.e., shock) and/or severe hypoxemia (1A). NIV could be used
in selected cases of mild respiratory failure with preserved or relatively
stable hemodynamic status (2A); frequent reassessments of therapeutic
effect of NIV are required in order to prevent delay in intubation and
mechanical ventilation (1B)

Spontaneous
breathing
trials

Use spontaneous breathing trials early and regularly, preferably daily, in all
ventilated patients (1A) (notably, to increase the success of this strategy,
excessive sedation should be prevented); use the low level of pressure
support technique (2D); perform spontaneous breathing trials, and extubate
if the trial is passed successfully only at times sufficient staff is available
(2D); develop a local guideline for spontaneous breathing trials (2C)

Tidal volume
size

Use low tidal volume ventilation in patients with ARDS diagnosis (1A)
and in all ventilated patients (2B) (i.e., prevent tidal volumes higher than
10 ml/kg PBW, and consider tidal volumes of 5-7 ml/kg PBW in all
patients); titrate tidal volume size using PBW and not the actual body
weight (2D); timely recognize under-ventilation, where respiratory rates
should be adjusted (2D); accept higher respiratory rates (i.e., do not
increase sedation if the respiratory rate rises with the use of lower tidal
volumes) (2C); end-tidal CO, monitoring could be helpful in timely
recognition of under- or overventilation (2D)

PEEP

Use a minimum level of PEEP (5 cm H,0O) in all patients with sepsis or
septic shock with acute respiratory failure (2B); consider using higher
levels of PEEP only in patients with moderate or severe ARDS (2A); if
lack of CXR and ABG availability hampers making an ARDS diagnosis,
we suggest against liberal use of higher levels of PEEP (2D); when the
team is trained and experienced in using respiratory dynamic compliance,
PEEP could be titrated based on this parameter (2D); so-called PEEP/FiO,
tables could be used for titrating PEEP, but this approach generally
requires frequent ABGs (2B); patients who need higher levels of PEEP are
preferably closely monitored, preferably by using an arterial line, as
hypotension and circulatory depression may develop (1A)

(continued)
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Table 6.1 (continued)

7 | FiO, vs. Low FiO, is preferred over high FiO, (2B); the target should be

PEEP PaO, > 8 kPa [60 mm Hg] and/or SpO, 88-95% (2A); PEEP/FiO2 tables
can be used to find the best PEEP/FiO2 combination (2B); staff with
experience in using PEEP could prefer to use higher levels of PEEP to treat
hypoxia; in centers with little experience in using PEEP, the initial
response to hypoxia should be higher FiO, before using higher levels of

PEEP (2D)
8 | Recruitment | Use recruitment maneuvers in patients with moderate or severe ARDS
maneuvers (2B) and in patients with refractory hypoxemia in whom an ARDS

diagnosis cannot be made due to lack of CXR and/or ABG (2D) and only
when the staff is trained and experienced in performing these maneuvers
(2D); use the simplest maneuver, i.e., “sustained inflation” (2D); when
using recruitment maneuvers, the patient should be closely monitored,
preferably by using an arterial line, to promptly detect hemodynamic
compromise (2B)

9 | Modes of We recommend using “volume-controlled” modes of ventilation over
ventilation “pressure-controlled” modes of ventilation (2D); we cannot recommend on
whether assisted ventilation (“support” mode) is preferred over assist
ventilation (“controlled mode”) in all patients; use a short course of muscle
paralysis (< 48 h) and thus controlled ventilation, only in patients with
moderate or severe ARDS (2B)

Abbreviations: CO, carbon dioxide, CXR chest radiograph, ABG arterial blood gas, ARDS acute
respiratory distress syndrome, PBW predicted body weight, PEEP positive end-expiratory pres-
sure, NIV noninvasive ventilation

Grading: see online supplement for explanations

Table 6.2 Proposed S/F values as correlates to existing P/F thresholds

P/F =300 P/F =200 P/F =100
Pandharipande et al. 370 240 115
Rice et al. 315 235 -
Lobete et al. 296 236 146
Khemani et al. 264 221 -
Bilan et al. 235 181 -

Data from [14, 17-20]

compared with patients diagnosed by P/F [15]. A retrospective study from Brazil
showed that a low S/F at ICU admission was associated with increased risk of death
in patients with severe sepsis or septic shock [16]. However, diagnosis of ARDS or
its severity categorization based on S/F alone can be difficult given a wide variability
in S/F relative to P/F observed in the studies on the topic [13-20]. In addition to
oxygenation impairment, bilateral infiltrates on CXR at the time of hospital presenta-
tion have also been shown to predict development of early ARDS [21].

We suggest using CXR and ABG in septic patients with acute respiratory failure, if
available (2B). In the absence of CXR availability, frequent physical exams and the
overall clinical picture will prove beneficial in monitoring patient’s respiratory status
and decision-making (2D). Where feasible, ultrasound exam of the lungs and heart
may be used to narrow down the diagnosis of non-cardiogenic pulmonary edema
(2D). In the absence of ABG availability, the S/F could be an alternative for the P/F in
decision-making and continuous monitoring of an individual patient (2B) (Table 6.2).
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Patients with sepsis-related acute respiratory failure with or without ARDS diagnosis
should be managed employing the principles of lung-protective mechanical ventila-
tion (2B). In the questions to follow, recommendations may vary depending on the
availability of CXR and ABG (i.e., the feasibility to make diagnosis of ARDS).

6.3 The Semi-recumbent Position

Position of the septic patient with acute respiratory failure necessitating oxygen and
ventilator support may have important implications in the treatment. Currently, it is
recommended that ventilated patients be positioned in the bed so the head of bed is
elevated at the 30° to 45° (i.e., “semi-recumbent”). This position may be important
for at least two reasons: (1) decreased risk of aspiration and (2) decreased work of
breathing. Some patients with a profound hemodynamic disturbance despite the
resuscitation may need to transiently be placed in a flat or even in a Trendelenburg
position. Others, especially obese patients or those with states that increase abdomi-
nal pressure may benefit from the higher angle, sitting position to allow better grav-
ity support for the diaphragmatic excursions, which may reduce bibasilar atelectasis
and improve ventilation—perfusion matching.

Although it may be expected that the maintenance of the head-of-bed elevation
at 30° to 45° may increase the workload of nurses and other bedside providers, a
single study from Brazil showed that among other interventions, maintenance of the
head of bed at 30° to 45° did not additionally increase the workload of nursing pro-
fessionals in the ICU [22]. A randomized controlled trial (RCT) from Vietnam,
however, suggests that a semi-recumbent position does not prevent the occurrence
of healthcare-associated pneumonia in severe tetanus patients [23]. Nevertheless,
other RCTs from resource-rich ICUs established the role of semi-recumbent posi-
tion in the prevention of aspiration and ventilator-associated pneumonia in critically
ill patients [24-26]. The actual degree of elevation of head of bed needs to be indi-
vidualized based on the hemodynamic and respiratory status [27], as well as the risk
of pressure sores/decubitus ulcers [28].

The semi-recumbent position should be feasible even in the most resource-
limited settings, where despite the lack of special hospital beds, pillows and other
soft material items can be used for the upper back and head support. In practice,
it could be hard to sustain 30° with pillows alone. Frequent reassessments of the
angle of elevation with a target of 30° to 45° should be instituted. Whether this
single intervention further increases the workload of bedside providers will
depend on the local, site-specific circumstances including the degree of involve-
ment of family members in the nursing care. Of note, the semi-recumbent position
may not be suitable for some patients, such as those with acute thoracic spine
fracture.

We recommend that the vast majority of ventilated septic patients should be
placed in the semi-recumbent position with an elevated head of bed ranging from
30° to 45° unless their hemodynamic state precludes this (1B). Patient’s position
could be lowered to less than 30° head-of-bed elevation transiently for the necessary
procedures and during the resuscitation of the shock state until hemodynamic status
is improved (1B) or longer in cases of sacral decubitus ulcer (1C).



136 A.Serpa Neto et al.

6.4 Noninvasive Ventilation (NIV)

One of the primary goals in sepsis-induced acute respiratory failure is to ensure and
maintain the tissue oxygen delivery. This can be provided by simple oxygen supple-
mentation as well as by NIV or invasive mechanical ventilation, which in addition
to oxygen supplementation provides positive-pressure ventilation. Generally,
patients with mild oxygen saturation impairments and noncomplicated hemody-
namic status (i.e., non-shock states) can be managed with simple oxygen supple-
mentation. NIV has potentially advantageous role in acute respiratory failure over
the simple administration of oxygen [29] or invasive mechanical ventilation [30].
However, frequently patients initially started on NIV fail to improve and require
intubation and invasive mechanical ventilation. Moreover, the delay in intubation
and MV has been associated with adverse outcomes [31].

A prospective cohort study from Brazil showed that more than half of ICU
patients initially placed on NIV (54%) required subsequent intubation and mechani-
cal ventilation, and failure of NIV was the strongest predictor of hospital mortality
[31]. A 1-year observational study from India showed that almost all patients with
moderate to severe acute respiratory failure required invasive mechanical ventila-
tion (40/41) and that almost 2/3 of patients (11/17) initially managed with NIV
subsequently required intubation and invasive mechanical ventilation [32]. The
remaining evidence stems from resource-rich ICUs and suggests discretionary use
of NIV in cases of sepsis-associated acute respiratory failure and concomitant
immunosuppressed state [33], hypercapnia due to obstructive lung disease [34, 35],
or hydrostatic pulmonary edema, with relatively preserved mental status and
absence of shock [30, 34]. NIV could also be attempted in patients with mild hemo-
dynamic and respiratory impairments with frequent reassessments of work of
breathing, oxygenation and ventilation and prompt intubation, and invasive mechan-
ical ventilation in cases of failure to improve after 1-2 h of intensive resuscitation
and monitoring [36].

In individual ICU settings, where both NIV and invasive mechanical ventilation
are available, evidence from resource-rich settings could be translated. However, it
is of utmost importance that patients placed on NIV are closely monitored and
assessed, so in cases of insufficient improvement, they can be intubated and placed
on invasive mechanical ventilation without delays. Therefore, it is important to
stress the need for appropriate staffing, which will allow close monitoring and fre-
quent reassessments. Another potential safety concern is when NIV is applied using
high tidal volumes because of underlying metabolic acidosis. Given potential for
volume-induced lung injury, these patients may need invasive mechanical ventila-
tion with adequate sedation (and maybe even short-term muscle paralysis) if there
is no improvement after short-term NIV (i.e., within 1-2 h).

Based on the evidence from resource-rich ICUs, we recommend the use of inva-
sive mechanical ventilation in cases of severe hemodynamic disturbance manifested
as shock or severe hypoxemia (1A). We suggest that NIV could be used in selected
cases of mild respiratory failure with preserved or relatively stable hemodynamic
status (2A), especially in the above-described specific patient populations. This sug-
gestion does not depend on the availability or lack of CXR or ABG for ARDS
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diagnosis. Once NIV is started, continuous resuscitation efforts and frequent reas-
sessments of therapeutic effect of NIV are required in order to prevent delay in
intubation and MV (1B).

6.5 Spontaneous Breathing Trials

Preventing unnecessary long ventilatory support is essential in preventing harm
from intubation and mechanical ventilation. Successful completion of spontaneous
breathing trials, which include a low level of pressure support, continuous positive
airway pressure, or the use of a T-piece, increases the likelihood of successful dis-
continuation of ventilation.

Three well-performed trials in resource-rich ICUs [37-39] clearly showed ben-
efit from early spontaneous breathing trials, i.e., shorter duration of ventilation. A
recent meta-analysis found no evidence of a difference between spontaneous breath-
ing trials using low levels of pressure support and spontaneous breathing trials using
a T-piece [40].

Spontaneous breathing trials are available and affordable, in particular if no addi-
tional techniques are used (e.g., when a spontaneous breathing trial uses a low level
of pressure support). It could be safer to perform spontaneous breathing trials using
low level of pressure support technique than spontaneous breathing trials using a
T-piece, as with the first approach a minimum ventilatory support is guaranteed.
Spontaneous breathing trials could be time-consuming, in particular for ICUs with
restricted staffing, but if successfully implemented, this intervention could save
resources including labor because it shortens duration of ventilation. For practical
reasons, tracheal extubation of patients in whom a trial of spontaneous breathing is
successful should take place when there is sufficient staffing around (i.e., during
daytimes), as such reducing the risk of re-intubation with no adequate staffing
promptly available. Notably, to increase the success of this strategy, oversedation
should be prevented.

We recommend using spontaneous breathing trials regularly, preferably daily, in
all ventilated patients in low resource-limited ICUs (1A), and we suggest using the
low level of pressure support technique (2D). We suggest performing spontaneous
breathing trials and to extubate if the trial is successful only when sufficient staff is
available to re-intubate those patients that may still need ventilatory support (2D).
Nurses and physicians should develop local protocols for spontaneous breathing
trials (2C). Of note, the effectiveness of using spontaneous breathing trials depends
on sedation practices.

6.6 Low Tidal Volumes

“Lung-protective” ventilation with low tidal volumes improves survival of patients
with ARDS in resource-rich settings [41, 42], and this can be translated to resource-
limited ICUs. Delays in diagnosing ARDS may delay timely use of low tidal vol-
umes, a problem that could be encountered in low- and middle-income countries
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(LMICs) (see also question 1). Restricting low tidal volume ventilation to patients
with ARDS diagnosis thus could lead to underuse or delayed use of this interven-
tion, which is not an additional burden to limited resources. Notably, evidence is
growing for the benefit of low tidal volume ventilation in patients without ARDS
[43-45].

One RCT in ARDS patients from Brazil showed a bundle of a low tidal volume
(6 ml/kg PBW) plus a level of PEEP above the lower inflection point on the static
pressure—volume curve, compared with a bundle of conventional tidal volumes
(12 ml/kg PBW) plus the lowest level of PEEP to maintain acceptable oxygenation,
improved 28-day survival in patients with ARDS [46]. One observational study
from Korea in patients with ARDS due to HIN1 [47] compared outcomes in tidal
volume size tertiles (<7 ml/kg PBW, 7-9 ml/kg PBW, and >9 ml/kg PBW) [47]. In
this study, use of low tidal volumes was associated with a higher ICU survival and
a higher number of ventilation-free days, ICU-free days, and hospital-free days.

The findings are in line with two meta-analyses [41, 42], including several well-
performed RCTs [46, 48-51] that confirmed the benefit from low tidal volume ven-
tilation in patients with ARDS. The precise titration of the size of tidal volumes for
an individual patient could require adjustment for such factors as the presence of a
profound metabolic acidosis and high obligate minute ventilation (tidal volumes
may need to be as large as 8 ml/kg PBW) and the plateau pressure achieved and the
level of PEEP chosen (tidal volumes may need to be as small as 4 ml/kg PBW).
Notably, it is crucial to use predicted body weight for calculating the size of tidal
volumes and not to use actual body weight (although actual body weight is usually
equal to PBW in the normally nourished or undernourished patient).

Several recent meta-analyses [43—45], including one RCT [52] and several large
observational studies in critically ill patients without ARDS in HICs [53-55], sug-
gested a decreased risk of developing ARDS, shorter duration of ventilation, and
shorter stay in hospital with low tidal volume volumes.

There are no studies on the use of end-tidal carbon dioxide (CO,) monitoring as
an alternative to ABG monitoring for patients receiving ventilation, including in
LMICs, although one guideline suggests capnography to guide ventilator manage-
ment [56]. Infrequent ABG in low-resource settings may preclude the early detec-
tion of harmful hypercapnia. While moderate hypercapnia is acceptable, severe
hypercapnia should be prevented by closely monitoring minute ventilation. Also, in
patients with brain injury, PaCO, control may be more important than in other
patients. However, metabolic acidosis is frequently seen in patients with sepsis or
septic shock, which may limit ventilation strategies that may cause hypercapnia.
Low tidal volume ventilation comes with higher respiratory rates, which may create
a feeling of discomfort, not necessarily for the patient but for the staff, which may
unnecessarily trigger use of (more) sedation.

We recommend using low tidal volume ventilation in patients with ARDS diag-
nosis (1A) and suggest using low tidal volumes in all ventilated patients with sepsis
or septic shock when lack of CXR or ABG availability hampers a timely ARDS
diagnosis (i.e., prevent tidal volumes higher than 10 ml/kg PBW and consider tidal
volumes of 5-7 ml/kg PBW in all patients) (2B). Notably, tidal volume size
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titration must use PBW and not the actual body weight (1A). Staff should be trained
in timely recognition of under-ventilation, where respiratory rates should be
adjusted (2D). Staff should be trained in accepting higher respiratory rates and not
using more sedation (2C). Of note, we found no literature on preferred tidal vol-
ume sizes in patients with chronic obstructive pulmonary disease, but these patients
may tolerate ventilation with low tidal volumes. End-tidal CO, monitoring could
be helpful in timely recognition of endotracheal tube dislodgement or under- or
overventilation (2D).

6.7 PEEP

PEEP prevents atelectasis, as such preventing ventilation—perfusion mismatch.
PEEP, however, could also induce regional overdistension, which could increase
dead space and injure lung tissue. Moreover, higher levels of PEEP could cause
hemodynamic compromise, especially in patients with sepsis or septic shock.
Higher levels of PEEP have only been found beneficial in patients with more severe
forms of ARDS [57].

One recent observational study from Brazil showed no association between the
level of PEEP applied and outcome in patients without ARDS [16]. In this study the
median level of PEEP was 6 cm H,O. The findings of this study were at least in part
in line with results from a RCT in patients without ARDS in the USA that showed
no differences in the occurrence of ARDS and other pulmonary complications when
ventilating with 8 cm H,O of PEEP or no PEEP [58]. However, while one recent
RCT in the Netherlands comparing a strategy using low tidal volumes (6 ml/kg
PBW) with a strategy using conventional tidal volumes (10 ml/kg PBW) in patients
without ARDS found an independent association between use of higher levels of
PEEP and the development of lung injury [52], one RCT in patients without ARDS
in Spain showed a lower incidence of ventilator-associated pneumonia and a lower
risk of hypoxemia with 5-8 cm H,O of PEEP compared to no PEEP [59]. Mortality
was not affected in the last RCT, however, and differences in the incidence of
ventilator-associated pneumonia could have reflected more a difference in the
occurrence of atelectasis than a true difference in pulmonary infection rates.

One RCT in patients with ARDS from Brazil showed that a strategy that uses
low tidal volumes (6 ml/kg predicted body weight, PBW) plus a level of PEEP
above the lower inflection point of the static pressure—volume curve to be superior
to a strategy that uses conventional tidal volumes (12 ml/kg PBW) plus the lowest
level of PEEP to maintain acceptable oxygenation with respect to 28-day survival
[46]. It is uncertain whether benefit came from use of lower tidal volumes, higher
levels of PEEP, or both. Three large multicenter randomized controlled trials con-
ducted in patients with ARDS in HICs individually showed no benefit from use of
higher levels of PEEP, titrated on the pulmonary compliance or based on the P/F,
compared to lower levels of PEEP [60-62], but a meta-analysis showed that use
of higher levels of PEEP was beneficial in patients with more severe forms of
ARDS [57].
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A minimum level of PEEP is easily applied and safe as most if not all ventilators
allow setting a certain level of PEEP, and the benefit from prevention of atelectasis
could outweigh the risk of regional overdistension. Because of the increased risk of
hemodynamic instability with higher levels of PEEP, continuous hemodynamic
monitoring, preferably by using an arterial line, will be necessary to guarantee
safety. It can be a challenge to suspect and detect regional overdistension, and it
could be difficult to find the best level of PEEP in an individual patient when physi-
cians are untrained and inexperienced in using respiratory compliance and the P/F.

We suggest using at least a minimum level of PEEP (5 cm H,O) in all patients
with sepsis or septic shock with acute respiratory failure in resource-limited ICUs
(2B). Based on the available evidence, we suggest using higher levels of PEEP
only in patients with moderate or severe ARDS (2A). If lack of CXR and ABG
availability hampers making an ARDS diagnosis, we suggest against liberal use of
higher levels of PEEP (2D), but when the team is trained and experienced in using
respiratory compliance, PEEP could be titrated based on this parameter (2D).
Alternatively, so-called PEEP/FiO, tables could be used for titrating PEEP, but this
approach generally requires frequent ABGs (2B) or use of SpO, to titrate FiO,.
Patients who need higher levels of PEEP should be closely monitored, as hypoten-
sion may develop (1A).

6.8 Low Oxygen Fractions with High PEEP or High Oxygen
Fractions with Low PEEP

When high levels of PEEP are considered dangerous, or when it is difficult or
impossible to find the best level of PEEP in an individual patient (see guestion 6)
and when the team is inexperienced in performing recruitment maneuvers (see
question 8), hypoxemia may trigger use of higher FiO,. High FiO,, however, induces
the production of large amounts of reactive oxygen species that overwhelm natural
antioxidant defenses, which could then injure cellular structures and consequently
may induce pulmonary injury. In particular inflamed lungs are more susceptible to
oxygen toxicity. Furthermore, ventilation with high FiO, could induce reabsorption
atelectasis.

While studies suggest that “normoxia” should be targeted in patients with ARDS,
there is increasing evidence for harm from strategies that use high FiO, aiming for
higher blood oxygen levels in general ICU patients [63, 64]. Associations between
ventilation strategies that use high FiO, and increased mortality have also been
found in patients following resuscitation from cardiac arrest [65] and patients with
ischemic stroke [66] or traumatic brain injury [67]. Two recent meta-analyses con-
firm arterial hyperoxia to be associated with worse hospital outcome in various
subsets of critically ill patients [68, 69]. As discussed above (question 6), higher
levels of PEEP have only been found beneficial in patients with more severe forms
of ARDS [57].
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Table 6.3 Allowable combinations of PEEP and FiO,

Strategy in which first FiO, is raised in response to hypoxemia (originally called the low PEEP
group)

FiO, 021 |03 |04 04 05 05 0.6 >0.6
PEEP |5 5 5 8 8 10 (10 |10

Strategy in which first PEEP is raised in response to hypoxemia (originally called the high
PEEP group)
FiO, 021 |03 |04 04 05 |05 |05 |06 |07 |08 08 09 |09 |1.0
PEEP 5-12 14 |14 16 |16 |18 |20 |20 20 |20 |22 (22 |22 |>22

Adapted from [58]

A certain extent of hypoxemia with a target PaO, > 8 kPa [60 mmHg] has been
suggested to be safe [51]. A SpO, of 88-95% could be targeted when ABGs are not
or only scarcely available [51].

Using “PEEP/FiO, tables” with the aim to ventilate patients with ARDS with the
lowest level of PEEP and the lowest level of FiO, is feasible and safe in LMICs, but
this approach mandates frequent ABGs or use of SpO, to titrate FiO, [47—49].
Implementation of this strategy could be more complex in LMICs where ABGs
typically are less often available. Alternatively, SpO, could be used to titrate PEEP
and FiO,. Also, when continuous hemodynamic monitoring is lacking, use of high
levels of PEEP could be dangerous. In such settings it could be safer to prefer higher
FiO, than higher levels of PEEP.

Based on the available evidence, we suggest being cautious with liberal use of
high FiO, (2B). The target should be PaO, > 8 kPa [60 mmHg] and/or SpO, 88-95%
(2A). PEEP/FiO, tables can be used to find the best PEEP/FiO, combination in
individual patients in LMICs (2B). We suggest preferring low FiO, with high levels
of PEEP, if the team is trained and experienced in (safe) the use of higher levels of
PEEP; if not, it is probably safer to use high FiO, with lower levels of PEEP (2D).
An example of a “PEEP/FiO, table” is provided (Table 6.3) [60].

6.9 Recruitment Maneuvers

It is generally considered necessary to combine higher levels of PEEP with recruit-
ment maneuvers, as early use of recruitment maneuvers could open additional lung
units that remain closed when only applying higher levels of PEEP. Recruitment
maneuvers, however, are complex interventions that could also cause pulmonary
and extra-pulmonary harm, especially in inexperienced hands.

In an RCT from Brazil [46], the two arms of the study also differed in respect to
using recruitment maneuvers. The same applies for other RCTs comparing higher
levels of PEEP with lower levels of PEEP in patients with ARDS in HICs [60-62].
One systematic review of four randomized controlled trials investigating the benefit
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of recruitment maneuvers remained inconclusive [70]; a more recent meta-analysis
suggested that strategies that use recruitment maneuvers are associated with a lower
mortality in patients with ARDS [71].

Recruitment maneuvers can cause episodes of severe hemodynamic compromise
[61], especially in patients with sepsis or septic shock. Recruitment maneuvers could
also induce regional overdistension. In HIC the performance of recruitment maneuvers
is seen as a complex intervention, with associated risks if not applied properly [61].
Therefore, it is only applied in patients with refractory and severe hypoxemia and only
in patients with a stabilized circulation and preferably with an arterial line in situ.

The recruitment maneuvers are variable, which is a general limitation of the tech-
nique because it is not standardized. The earliest recruitment maneuver ever used
during mechanical ventilation is probably the “sigh,” which consists of increasing
tidal volume or level of PEEP [72]. However, there is a potential safety concern given
that this maneuver transiently elevates plateau pressure above the recommended
threshold of 30 cm H,O, in patients with ARDS. The most frequently investigated
recruitment maneuver, due to its apparent simplicity, is the sustained inflation, which
consists of pressurizing the airways at a specific level and maintaining it for a given
duration. A common combination is the application of 40 cm H,O airway pressure
for 40 s (“40/40”) [73]. Sustained inflation is transient and simple recruitment
maneuver, which is likely an overall safe procedure as it can potentially obviate the
need for ongoing use of higher intrathoracic pressures. High PEEP and pressure-
controlled ventilation with a fixed driving pressure (i.e., the level of inspiratory pres-
sure minus the level of PEEP) are other ways to perform recruitment maneuvers [74].

The use of recruitment maneuvers during ventilation is feasible and safe, but
only in experienced hands. The lack of experience and absence of hemodynamic
monitoring may hamper the safe and widespread use in LMICs. Moreover, it can be
challenging to detect overdistension. Of all recruitment maneuvers, sustained infla-
tion is probably the simplest and the safest maneuver.

We suggest using recruitment maneuvers in resource-limited ICUs in patients
with moderate or severe ARDS (2B) and suggest using recruitment maneuvers in
patients in resource-limited ICUs with refractory hypoxemia in whom a diagnosis
of ARDS cannot be made due to lack of CXR and/or ABG (2D), but only when the
staff is trained and experienced in performing these maneuvers (2D). We suggest
using the simplest maneuver, i.e., “sustained inflation” (2D). When using recruit-
ment maneuvers, the patient should be closely monitored to detect hemodynamic
compromise (2B).

6.10 Ventilation Modes

Traditionally reserved for use in weaning patients from ventilation, assisted ventilation
modes are now used in all phases of ventilation. Controlled ventilation is associated
with incapability of reversing alveolar collapse in dependent lung parts and an increased
risk of ventilator-induced diaphragmatic dysfunction. Assisted ventilation could be
preferred over controlled ventilation, because assisted ventilation can be tolerated with
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reduced sedation requirements, and may be associated with less hemodynamic deterio-
ration, and lung protection compared to controlled ventilation [75, 76].

“Volume-controlled” ventilation and “pressure-controlled” ventilation are not
different ventilatory modes but are different control variables within a mode [77].
“Volume-controlled” ventilation offers the safety of a preset tidal volume and min-
ute ventilation, while “pressure-controlled” ventilation offers a flow that better
mimics the flow during inspiration of a spontaneously breathing individual.
Investigations comparing the effects of ‘“volume-controlled” ventilation and
“pressure-controlled” ventilation are not well controlled and offer no evidence for
benefit of the one mode over the other [77].

One small RCT, including patients with and patients without ARDS, demon-
strated shorter length of stay in the ICU with use of assisted ventilation compared to
controlled ventilation [78]. Another RCT in patients with ARDS showed a higher
number of ventilator-free days with assisted ventilation, although the difference was
not statistically significant, but in both groups, some sort of support was applied
[79]. Beneficial effects of assisted ventilation could include improvement of gas
exchange, hemodynamics, and non-pulmonary organ perfusion and function, as
well as improved quality of sleep, and are associated with a decreased need for
sedation and paralysis [80].

Assisted ventilation is available, feasible, and affordable in all patients in LMICs,
where its use is probably also safe. One exception could be patients with severe and
early ARDS in whom a short course of muscle paralysis, and thus use of controlled
ventilation, has been found to be beneficial [81], though evidence for benefit of a
short course of muscle paralysis in these patients in LMICs is lacking. Notably, with
assisted ventilation tidal volumes are usually larger than with controlled ventilation.
This is probably due to an active diaphragm, which largely prevents dorsal atelecta-
sis. A rise in tidal volumes >6 ml/kg PBW, while using the lowest level of pressure
support, may not be a reason to switch back to controlled ventilation. Since minute
volume and tidal volume size are guaranteed with “volume-controlled” modes of
ventilation and not with “pressure-controlled” modes of ventilation, “volume-
controlled” modes could be safer than “pressure-controlled” modes, in particular in
settings with restricted physician and nursing staff.

Therefore we suggest using “volume-controlled” modes of ventilation rather
than “pressure-controlled” modes of ventilation in resource-limited settings.
However, teams with experience and expertise in “pressure-controlled” modes of
ventilation could continue to use this mode (2D). We make no recommendations
regarding assisted ventilation over controlled ventilation in all patients in LMICs.
We suggest a short course of muscle paralysis (<48 h) and thus the use of controlled
ventilation, in patients with severe ARDS (2B).
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7.1 Introduction

Recommendations for care in patients with sepsis or septic shock are largely based
on evidence originating from resource-rich settings [1]. It is increasingly appreci-
ated that these recommendations cannot be directly generalized to resource-limited

D. Misango

Department of Anaesthesiology and Critical Care Medicine, Aga Khan University Hospital,
Nairobi, Kenya

R. Pattnaik

Department of Intensive Care Medicine, Ispat General Hospital, Rourkela,
Sundargarh, Odisha, India

T. Baker
Department of Anesthesia, Intensive Care and Surgical Services, Karolinska University
Hospital, Stockholm, Sweden

Department of Public Health Sciences, Karolinska Institutet, Stockholm, Sweden

M. W. Diinser (P<))
Department of Anesthesia and Intensive Care, Kepler University Hospital, Johannes Kepler
University Linz, Linz, Austria

A. M. Dondorp
Mahidol-Oxford Tropical Medicine Research Unit (MORU), Faculty of Tropical Medicine,
Mabhidol University, Bangkok, Thailand

Nuffield Department of Clinical Medicine, Oxford Centre for Tropical Medicine and Global
Health, University of Oxford, Oxford, UK

Department of Intensive Care, Academic Medical Center, Amsterdam, The Netherlands

M. J. Schultz
Mahidol-Oxford Tropical Medicine Research Unit (MORU), Faculty of Tropical Medicine,
Mahidol University, Bangkok, Thailand

Department of Intensive Care, Academic Medical Center, Amsterdam, The Netherlands

© The Author(s) 2019 151
A. M. Dondorp et al. (eds.), Sepsis Management in Resource-limited Settings,
https://doi.org/10.1007/978-3-030-03143-5_7

7


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-03143-5_7&domain=pdf

152 D. Misango et al.

settings for several reasons, including restrictions in human and material resources
but also concerns regarding costs and safety [2, 3]. It is even possible that the effi-
cacy and effectiveness of certain strategies differ between resource-rich and
resource-limited settings. Indeed, efficacy and effectiveness could depend on the
type of sepsis, and it is well known that non-bacterial sepsis is much more common
in resource-limited than in resource-rich settings [3].

In this chapter, we aim to answer five practical questions regarding hemody-
namic assessment and support in sepsis and septic shock in resource-limited set-
tings. As recognition of hypoperfusion and return to normal perfusion, and detection
of fluid responsiveness, could avoid under- and over-resuscitation as well as under-
and overuse of vasoactive agents, (1) there is need for affordable bedside tools for
tissue perfusion monitoring and (2) a better understanding of practicalities of pas-
sive leg raise tests in these settings; as costs and availability of, but also indications
for, intravenous fluids could be different in resource-limited settings, (3) advises
regarding the preferable type of intravenous fluid to be used during fluid resuscita-
tion, as well as (4) amounts and timing of intravenous fluids for sepsis shock in
resource-limited ICUs, are essential. Finally, seen the limited availability of vaso-
pressors and inotropes, and the risks associated with their use, (5) recommendations
on their indications, titrations, and ways of administration in settings with limited
resources are highly necessary. Recommendations and suggestions are summarized
in Table 7.1.

7.2  Simple Bedside Tools to Assess Tissue Perfusion

Timely detection of tissue hypoperfusion is one crucial aspect of hemodynamic
assessment in patients with sepsis or septic shock. Several studies showed that cap-
illary refill times >5 s following initial hemodynamic optimization are associated
with worsening organ failures [4-6]. Normalization of capillary refill time was
prognostic of survival in septic shock patients [7]. During early septic shock, capil-
lary refill time was found to be a good predictor of short-term mortality [8] and
related to perfusion of the liver, spleen, kidneys, and intestines in adults [9]. There
was noticeable variation, though, in how capillary refill times were checked, at least
in investigations involving children (Table 7.2), and several factors may affect the
accuracy capillary refill time, like the ambient temperature and light, the site of
measurement, and the amount of pressure applied to the capillary bed [10]. There
was debate on whether capillary refill time is subject to interobserver variability [10,
11]. One study in India suggests capillary refill time to be insensitive to detect tissue
hypoperfusion in patients with malaria [12].

Mottling, patchy skin discolorations due to heterogenic small-vessel vasocon-
striction that usually start around the knees and elbows in patients with shock could
also reflect abnormal skin perfusion. A simply to apply at the bedside score, using a
scale from O (“no mottling”) to 5 (“grave mottling”) (Table 7.3 and Fig. 7.1) related
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Table 7.1 Recommendations for fluid management and hemodynamic support in patients with
sepsis or septic shock in resource-limited settings (with grading)

1

Simple bedside tools
to assess tissue
perfusion

We suggest using capillary refill time, skin mottling scores, and, if
affordable, skin temperature gradients to assess adequacy of tissue
perfusion in pediatric and adult sepsis and septic shock, either alone
or in combination (UG). It remains uncertain whether these tools
are effective in severe malaria. These tools are noninvasive and safe
and come at no additional or low costs, though costs of temperature
probes could still be too high for certain resource-limited settings.
This recommendation remains weak, mainly because of the absence
of evidence that these bedside tools can adequately guide important
decisions in hemodynamic support

The passive leg raise
test and other simple
tools to replace
direct measurements
of cardiac output

We suggest using the passive leg raise test to guide fluid
resuscitation in sepsis or septic shock in resource-limited settings
(2A). Tt is uncertain whether the passive leg raise test has predictive
values in all types of sepsis and septic shock, like in severe malaria
or severe dengue. We suggest using the passive leg raise test in
children but only in those above the age of 5 (2C). We recommend
direct measurement of changes in cardiac output when performing a
passive leg raise test (1C) and suggest using changes in pulse
pressure if the former is not possible (2C)

Fluid strategies

We recommend crystalloid solutions as the initial fluid of choice in
patients with bacterial severe sepsis or septic shock (1B) and
recommend against the use of synthetic colloid solutions (1B). We
recommend the same for patients with severe falciparum malaria
(1B). We also recommend using crystalloids and not colloids in
severe dengue with compensated shock for initial fluid
resuscitation (1B), but there is insufficient evidence to recommend
fluid choices in severe dengue with hypotensive shock. In order to
avoid delays in initial resuscitation, it is advisable that wards
carrying for patients with sepsis or septic shock stockpile
crystalloid solutions for their immediate availability, to avoid
delaying initial fluid resuscitation (UG)

Amounts and timing
of IV fluids

We recommend that fluid resuscitation is initiated in patients with
sepsis and suspected hypovolemia as early as possible, ideally
within the first 30 min after recognition, and to start with 30 mL/kg
over the first 3 h (1A). Larger amounts of fluid may be needed in
patient that remains fluid responsive (e.g., according to the results
of a passive leg raise test) and still shows signs of tissue
hypoperfusion (e.g., according to the capillary refill time, the skin
mottling score, or skin temperature gradients) (1C). We recommend
being extremely cautious and thus more conservative in patients in
settings with no or limited access to vasopressors and mechanical
ventilation, where consideration should be given to stopping fluid
administration if the patient develops signs of respiratory distress or
lung crepitations on chest auscultation (1A). This also applies for
fluid resuscitation in children (1A). Patients with severe malaria or
severe dengue without hypotension should not receive fluid bolus
therapy

(continued)
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Table 7.1 (continued)

5 | Vasopressors and
inotropes

We recommend against the start of a vasopressor before initial fluid
resuscitation, especially when a central line cannot be used (1C).
We suggest starting a vasopressor in patients with persistent arterial
hypotension (2C) and recommend targeting a mean arterial blood
pressure >65 mmHg (1B). We recommend using norepinephrine
(noradrenaline) as first-line vasopressor (1B) and suggest using
dopamine if norepinephrine is not available (2B). The target for
titration of inotropic drugs could be normalization of plasma lactate
levels (<2 mmol/L) or normalization of capillary refill time (<3 s) or
reduction in skin mottling (UG) if plasma lactate levels cannot be
measured. We suggest using dobutamine as first-line inotrope (2B)
and epinephrine (adrenaline) if dobutamine is not available (2B).
We recommend administering vasopressors via a central venous line
(1C) and suggest titrations of vasopressors and inotropes using a
syringe or infusion pump when available (2D)

Abbreviation: UG ungraded

Table 7.2 Different methods of measuring and interpreting capillary refill time in children

Method

Interpretation

Apply pressure to the nail bed or other area with
visible circulation; measure the length of time it
takes for blanching to disappear

A capillary refill time <2 s is normal; >4 s
is abnormal; a capillary refill time
between 2 and 4 s should prompt further
consideration of the presence of shock

The preferred location to test capillary refill time
is sternum; if finger or toe is used, leg or arm must
be elevated; press firmly for 5 s

A capillary refill time >5 s indicates an
inadequate cardiac output

After fingertip pressure to a distal extremity,
blood should refill the area within less than 2 s
after release

A capillary refill time >2 s in the setting of
other signs of shock indicates a
compensated shock state

Press on sternum or digit at the level of the heart
for5s

A capillary refill time > 2 s is a clinical
feature of shock

Cutaneous pressure on the sternum or on a digit
for5s

A slower refill than 2 s can indicate poor
skin perfusion, a sign which may be
helpful in early septic shock

Grasp the child’s thumb or big toe between the
finger and thumb and look at the pink of the nail
bed; apply minimal pressure necessary for 3 s to
produce blanching of the nail bed; time the
capillary refill from the moment of release until
total return of the pink color

Capillary refill time should be <3 s; if >3 s
the child may have a problem with shock

Adapted and modified from Pandey et al. [37]

well to plasma lactate levels, urine output, degree of organ dysfunctions, and even
mortality in patients with septic shock [13]. Patients whose mottling score decreased
during the resuscitation period had a better prognosis [13]. The prognostic value of
this score was confirmed in other cohorts of critically ill patients [14, 15]. The mot-
tling score had a good reproducibility and did not suffer from interobserver

variability [13].
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Table 7.3 Skin mottling score after initial fluid resuscitation

Score Description

0 No No mottling

1 Modest Coin size—localized to the center of the knee

2 Moderate Mottling does not exceed the superior edge of the kneecap
3 Mild Mottling does not exceed the middle thigh

4 Severe Mottling does not exceed beyond the fold of the groin

5 Grave Mottling exceeds beyond the fold of the groin

Adapted from Ait-Oufella et al. [13]

SCORE 2 SCORE 4

Fig. 7.1 Skin mottling score; from Ait-Oufella et al. [13]

Skin temperature gradients, the difference between two different measurement
points, such as between the forearm and fingertip, or the central and toe, could be
useful in detecting changes in skin perfusions in sepsis and septic shock [16, 17].
The advantage of using skin temperature gradients between the forearm and finger-
tip, instead of a single skin temperature, is that both spots are similarly affected by
ambient temperature. The normal skin temperature gradient between forearm and
fingertip is 0 °C. Skin temperature gradients between the forearm and fingertip of
>4 °C were associated with severe vasoconstriction. Increased skin temperature gra-
dient was related to the outcome of sepsis [18].
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We suggest using capillary refill time, skin mottling scores, and, if affordable,
skin temperature gradients to assess adequacy of tissue perfusion in pediatric and
adult sepsis and septic shock, either alone or in combination (UG). It remains uncer-
tain whether these tools are effective in malaria. These tools are noninvasive and
safe and come at no additional or low costs, though costs of temperature probes
could still be too high for certain resource-limited settings. This recommendation
remains weak, mainly because of the absence of evidence that these bedside tools
can adequately guide important decisions in hemodynamic support.

7.3  The Passive Leg Raise Test and Other Simple Tools
to Replace Direct Measurements of Cardiac Output

If it is decided that a patient is hypovolemic, it should also be determined whether that
patients is “fluid responsive.” The method for performing passive leg raise test is
important because it fundamentally affects its hemodynamic effects and reliability
[19]. The test needs to be executed so that it does not result in pain and anxiety as this
may influence the results. Furthermore, a proper passive leg raise test consists lifting
the bed at the foot end and not lifting the legs (Fig. 7.2). The latter could be a challenge
in resource-limited settings where beds are usually not easy adjustable. While it is best
to use a direct measure of cardiac output or stroke volume, this is frequently impos-
sible in settings where resources are low. A less accurate but still acceptable approach
is to detect changes in pulse pressure. The test then starts with an initial (noninvasive)
blood pressure measurement—after 60-90 s of passively raising the legs, the blood
pressure measurement is repeated—and a change in the difference between systolic
and diastolic pressure >15% could indicate that the patient is “fluid responsive” [20].

It remains uncertain whether the passive leg raise test has comparable predictive
values in various types of sepsis and septic shock, e.g., in severe malaria or severe
dengue, as literature is lacking. This could actually be seen as one major objection
against widespread use of passive leg raise tests in resource-limited settings. This is
also true for young children. So far, only one preliminary study suggests that a

SEMI-RECUMBANT POSITION PASSIVE LEG RAISE POSITION

Fig. 7.2 For maximal reliability, a passive leg raise test should be performed following some
rules. One possible variation of test starts from the semi-recumbent position. The second step
comprises to go down the trunk and raise legs maintaining the angle between them using the auto-
matic motion of the bed for avoiding artifacts. Finally the third step goes back to the semi-
recumbent position to ensure that the subject recovers the previous hemodynamic parameters
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passive leg raise test is helpful in predicting fluid responsiveness in children but not
in those under 5 years of age [21].

We suggest using the passive leg raise test to guide fluid resuscitation in sepsis or
septic shock in resource-limited settings (2A). It is uncertain whether the passive leg
raise test has predictive values in all types of sepsis and septic shock, like in severe
malaria or severe dengue. We suggest using the passive leg raise test and in children
but only in those above the age of 5 (2C). We recommend direct measurement of
changes in cardiac output when performing a passive leg raise test (1C) and suggest
using changes in pulse pressure if the former is not possible (2C).

7.4  Fluid Strategies

There is a large body of literature from resource-rich settings on the choice of fluids
in severe sepsis and septic shock, with a strong focus on sepsis caused by bacterial
pathogens. The theoretical benefits of colloid solutions over crystalloids, with better
retention in the intravascular compartment, have not translated to better outcomes
with colloids for the treatment of severe sepsis of septic shock in randomized clinical
trials performed in resource-rich settings. In addition, synthetic colloid solutions have
shown important adverse effects, in particular nephrotoxicity with the use of starch
solutions. Consequently, the Surviving Sepsis Campaign makes a strong recommen-
dation for the use of crystalloid solutions over colloids for fluid resuscitation [1].

The “Fluid Expansion as Supportive Therapy” trial in children in sub-Saharan
Africa with compensated septic shock, of which 57% had severe falciparum malaria,
showed a detrimental effect of saline bolus as well as albumin bolus therapy com-
pared to a more conservative fluid therapy [22]. The study supersedes earlier small
studies suggesting a survival benefit of albumin infusion over crystalloids in chil-
dren with severe falciparum malaria and severe sepsis [23, 24].

Three randomized trials in patients with dengue shock syndrome did not show
better outcome parameters with (more expensive) colloids over crystalloid fluids
[25-27]. A quasi-randomized study from the Philippines alternating allocation of
colloids with crystalloids also did not show an additional benefit of colloids [28].

From the task force members’ experience, it is important that in wards caring for
critically ill patients, intravenous fluids are stockpiled so that they are immediately
available for emergency treatment, to save time and to prevent incurring additional
costs for the patient’s family.

We recommend crystalloid solutions as the initial fluid of choice in patients with
bacterial severe sepsis or septic shock (1B) and recommend against the use of syn-
thetic colloid solutions (1B). We recommend the same for patients with severe fal-
ciparum malaria (1B). We also recommend using crystalloids and not colloids in
severe dengue with compensated shock for initial fluid resuscitation (1B), but there
is insufficient evidence to recommend fluid choices in severe dengue with hypoten-
sive shock. In order to avoid delays in initial resuscitation, it is advisable that wards
carrying for patients with sepsis or septic shock stockpile crystalloid solutions for
their immediate availability, to avoid delaying initial fluid resuscitation (UG).
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7.5 Amounts and Timing of IV Fluids

A landmark study from an emergency department in a resource-rich setting found
that so-called early goal-directed therapy, in which intravenous fluids were given
to swiftly have physiological parameters return to pre-defined levels, reduced
mortality by as much as a third [29]. Early goal-directed therapy has since
become mainstream practice in the treatment of critically ill patients. The
Surviving Sepsis Campaign recommends that, in the resuscitation from sepsis-
induced hypoperfusion, at least 30 ml/kg of intravenous crystalloid fluid be given
within the first 3 h [1].

The largest fluid trial performed in resource-limited settings is the above-cited
FEAST trial in children [22]. This trial showed an alarming increase in mortality
with bolus intravenous infusion in critically ill children. There is an ongoing debate
whether mortality increased because of development of pulmonary fluid overload,
which could not be compensated for by mechanical ventilation; a secondary analy-
sis of FEAST exploring whether boluses may have caused excess deaths from fluid
overload actually suggested cardiovascular collapse rather than fluid overload
appeared to contribute most to excess deaths with rapid fluid resuscitation [30].
Nevertheless, similar alarming findings come from several studies in adult patients
in resource-limited settings [31-34]. The most recent trial clearly showed a protocol
for early resuscitation with administration of intravenous fluids and vasopressors to
increase mortality [34]. The absolute or relative absence of vasopressors and maybe
mechanical ventilation could make fluid loading too dangerous.

We recommend that fluid resuscitation is initiated in patients with sepsis and
suspected hypovolemia as early as possible, ideally within the first 30 min after
recognition, and to start with 30 ml/kg over the first 3 h (1A). Larger amounts of
fluid may be needed in patient that remains fluid responsive (e.g., according to the
results of a passive leg raise test) and still shows signs of tissue hypoperfusion (e.g.,
according to the capillary refill time, the skin mottling score, or skin temperature
gradients) (1C). We recommend being extremely cautious and thus more conserva-
tive in patients in settings with no or limited access to vasopressors and mechanical
ventilation, where consideration should be given to stopping fluid administration if
the patient develops signs of respiratory distress or lung crepitations on chest aus-
cultation (1A). This also applies for fluid resuscitation in children (1A). Patients
with severe malaria or severe dengue without hypotension should not receive fluid
bolus therapy (see Chap. 9).

7.6  Vasopressors and Inotropes

The Surviving Sepsis Campaign recommends norepinephrine as the first-choice
vasopressor and adding epinephrine to norepinephrine with the intent of raising
MAP to target, to decrease norepinephrine dosage. The Surviving Sepsis Campaign
also suggests using dopamine as an alternative vasopressor only in selected patients
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and using dobutamine in patients who show evidence of persistent hypoperfusion
despite adequate fluid loading and the use of vasopressors [1].

Extravasation of vasopressors causes skin necrosis, and extravasation is more
likely with administration through a peripheral infusion line compared to central
venous administration. Central venous catheters, however, are frequently not avail-
able, expensive, and inserted too late and frequently require extra payments by fam-
ily members of the patient further delaying its use. Administration of vasopressors
is thus frequently done through a peripheral line. We consider it reasonable to await
the effect of initial fluid resuscitation before starting infusion of vasopressors
through a peripheral infusion line, but in patients with extreme low blood pressure,
and in those not immediately responding to initial fluid loading, it could be neces-
sary to continue without a central venous catheter. Additional advantages of a cen-
tral venous line are that it can also be used for repeated blood sampling, measurement
of static hemodynamic measures, and where possible follow-up of central venous
oxygenation.

Vasopressors and inotropes have a narrow therapeutic window, necessitating
accurate dosing. Continuous administration at exact doses is safeguarded preferably
by automatic infusion with a syringe or infusion pump. Although less accurate,
when syringe pumps are not available, these drugs can be diluted in normal saline
and administered using a mechanical drop counter.

Norepinephrine is not generally available in hospitals with limited resources.
Dopamine is more widely available, but reported best access in resource-limited
settings is to epinephrine. We prefer dopamine to epinephrine as the latter may
cause lactate acidosis [35, 36]. In resource-limited settings, dobutamine is only
available in selected regions, and stockouts of the drug are very common.

Titration of inotropes in resource-limited ICUs is a challenge, as assessed by
means of plasma lactate levels is expensive and frequently not possible. Capillary
refill time (<3 s) and the skin mottling score can be used to evaluate the effect of
infusion of vasopressors and inotropes, but there is no documented evidence regard-
ing efficacy or safety. Of note, vasopressors can affect capillary refill time and skin
mottling scores.

We recommend against the start of a vasopressor before initial fluid resuscita-
tion, especially when a central line cannot be used (1C). We suggest starting a
vasopressor in patients with persistent arterial hypotension (2C) and recommend
targeting a mean arterial blood pressure >65 mmHg (1B). We recommend using
norepinephrine (noradrenaline) as first-line vasopressor (1B) and suggest using
dopamine if norepinephrine is not available (2B). The target for titration of inotro-
pic drugs could be normalization of plasma lactate levels (<2 mmol/L) or normal-
ization of capillary refill time (<3 s) or reduction in skin mottling (UG) if plasma
lactate levels cannot be measured. We suggest using dobutamine as first-line ino-
trope (2B) and epinephrine (adrenaline) if dobutamine is not available (2B). We
recommend administering vasopressors via a central venous line (1C) and suggest
titrations of vasopressors and inotropes using a syringe or infusion pump when
available (2D).
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7.7 Conclusions

The paucity of evidence from resource-limited settings and in specific types of sep-
sis and septic shock underscores the urgent need for rigorous trials, since efficacy
and effectiveness of commonly used interventions in resource-rich settings could
differ importantly in resource-limited settings.
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8.1 Introduction and Definitions

Although there are only limited data available, studies indicate that sepsis and septic
shock in resource-limited settings are at least as common as in resource-rich set-
tings. There are important differences in the causative pathogens of sepsis and sep-
tic shock between resource-rich and resource-limited settings. Staffing, diagnostic
facilities, therapeutic options, and other factors also differ in resource-limited set-
tings, which makes that the Surviving Sepsis Campaign (SSC) guidelines on sepsis
management derived from high-income settings are not necessarily directly appli-
cable to these settings [1]. In this chapter, SSC recommendations that were deemed
warranting additional evaluation for their use in resource-limited settings were
reviewed specifically relevant evidence generated in resource-limited settings.
During this exercise the European Society of Intensive Care Medicine’s and the
Society of Critical Care Medicine’s Consensus Definitions for Sepsis and Septic
Shock (Sepsis-3) were published [2]. For the purposes of this article, where pub-
lished studies have used former definitions of severe sepsis and septic shock to
characterize patients, these have been left as originally published. For further clari-
fication, we refer readers to the SSC guidelines and the article in this series examin-
ing sepsis recognition [3, 4]. Resource-limited settings were defined as those within
low- or middle-income countries according to the World Bank [5] or described as
“resource-limited” or “developing countries” by authors of the referenced studies.
A flowchart summarizing the approach to the management of patients with sepsis or
septic shock in resource-limited setting is provided in Fig. 8.1.

8.2  Factors Guiding the Choice of Empiric Antibiotic Choice
in Sepsis and Septic Shock in Resource-Limited Settings

Hospital- and especially ICU-related infections are more likely to be caused by
multidrug-resistant organisms, and previous antibiotic use is a risk factor for antibi-
otic resistance. Misdirected initial antibiotic therapy is associated with poor out-
come [6, 7], but there is a paucity of epidemiological data in most resource-limited
settings. The aim of empirical antibiotic therapy is to treat the causative pathogen in
the septic patient before definitive microbiological results are available. General
principles guiding the choice of initial empirical antibiotic therapy apply to both
resource-rich and resource-limited settings [8, 9] and should take into consideration
the pathogens and resistance patterns most likely to be encountered. This will
depend on the suspected site and focus of the infection as well as healthcare setting



8 Infection Management in Patients with Sepsis and Septic Shock... 165

Microbiological
Suspected sepsis or septic shock eroblologica

culture
Consider: 1 l
« Likely source of infection s Empiric antibiotics < 1hour
* Local epidemiological data
B 9 * Cover all likely organisms Source known?

* Hospital vs community infection

« Coinfection

* Risk factors for multidrug resistance
* Monotherapy/combination

* Consider possible antibiotic resistance

! !

<\\ De-escalation possible? > ' Source control
\\/

!

Narrow spectrum appropriate antibiotics therapy

Fig. 8.1 Flowchart showing infection management in patients with sepsis or septic shock in
resource-limited setting

and geographical location. Increasing evidence in both resource-rich settings and
resource-limited settings shows that inappropriate initial antibiotics are associated
with worse outcome [10].

Specific issues to consider in resource-limited settings include the different caus-
ative microorganisms in these often tropical countries, sparse epidemiological data
because of limited microbiological laboratory capacity, and a greater degree of anti-
microbial resistance, driven by poor stewardship especially in the private health and
agricultural sectors. In some settings the range of available antibiotics may be
reduced, and, compared to resource-rich settings, cost of treatment plays a larger
role in the choice of the empirical drug as antibiotic costs are often disproportion-
ately high compared to other therapies [11].

We found only three studies from resource-limited settings that specifically
examined the causative organisms of severe sepsis and septic shock (using previous
SSC definitions [12]) [9, 13, 14]. We therefore included other studies describing
causes of sepsis in resource-limited settings, which were thought representative of
potential pathogens encountered. The collected evidence is presented below.

8.2.1 Bacterial Pathogens
A retrospective study from a tertiary referral hospital in Turkey described pathogens

and likely sources of infection from all cases of sepsis, including patients with
severe sepsis and septic shock, between 2002 and 2003. Gram-negative bacteria,
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particularly Klebsiella spp. and Escherichia coli, were the most commonly isolated
organisms from blood cultures (27 out of 41 isolates) and E. coli from urine culture
(14 out of 63 samples). The respiratory tract was most frequently identified as the
likely source of sepsis [9]. Similar results were reported from a prospective study of
severe sepsis and septic shock in ICU patients in Thailand conducted between 2004
and 2006. Out of 390 patients, 241 patients had microorganisms isolated from any
site, and 106 had positive blood cultures [14]. The main pathogens were Klebsiella
pneumoniae (19.9%) and E. coli (14%). Again, the respiratory tract was the most
common source of infection. In surgical ICUs in China, 381 cases of severe sepsis
and septic shock in 10 units across 6 provinces were studied prospectively between
2004 and 2005. The majority (53.8%) of cases were caused by Gram-negative bac-
teria, but in a significant proportion of cases (28.3%), fungi were isolated. In this
series, the commonest organisms isolated were Acinetobacter baumannii and
Candida albicans, with the abdomen being the most frequent site of infection [13].

In addition to these studies, several other authors have reported the causes of
bacteremia in resource-limited settings. Causative organisms varied according to
location and between environments. Compared to many high-income settings,
Gram-negative organisms were identified as particularly important causes of
community-acquired bacteremia with distinct geographical differences, for exam-
ple, non-typhoid Salmonella in sub-Saharan Africa, Salmonellae typhi and paraty-
phi in South and Southeast Asia, and Burkholderia pseudomallei in Southeast Asia
[14-16]. The Gram-positive Streptococcus suis was reported to be a relatively com-
mon cause of sepsis in Southeast Asia [17].

A meta-analysis of community-acquired bloodstream infections across Africa
involving 58,296 patients showed that in non-malarial bloodstream infections, the
commonest isolate was Salmonella enterica (mainly non-typhoidal species), although
among the five studies in adults that used mycobacterial culture techniques,
Mycobacterium tuberculosis was the commonest pathogen isolated, in 33.8% of
isolates.

Coexisting infection is an important factor in resource-limited settings. In the study
above, HIV prevalence was 24% and was associated with increased likelihood of M.
tuberculosis or non-typhoidal Salmonella bloodstream infection (OR 23.4 and 8.2,
respectively) [15]. Malaria predisposes infected individuals to invasive bacterial infec-
tion, and in areas with high-malarial burden, it is a significant risk factor for bactere-
mia. In a case-control study of childhood bacteremia in Kenya, underlying malaria
occurred in 62% of cases of bacteremia [18]. Secondary invasive bacterial infection is
also a common complication of late-stage visceral leishmaniasis but is also associated
with geographical variation. In one series of sepsis associated with visceral leishmani-
asis in Ethiopia, 69% of cases were due to Staphylococcus aureus in contrast to else-
where in Africa where Gram-negative bacteria were more commonly reported [15, 19].

The distinction between community- and healthcare-associated infection is, as
expected, also an important determinant of the predicted causative organism. In the
study from Turkey described above [9], blood culture isolates from community-
acquired infection were more likely to be Gram-positive organisms (56% cases),
whereas Gram-negative organisms accounted for 80% of cases of hospital-acquired
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isolates. In a study of bloodstream infections in South Africa [20], non-fermenting
Gram-negative bacteria and Enterobacteriaceae were the most commonly isolated
organisms from hospital-acquired bloodstream infections, whereas Gram-positive
bacteria were most common in community-associated infections. Within the health-
care environment, A. baumannii was almost exclusively associated with ICU infec-
tion, but S. aureus, E. coli, and K. pneumoniae were associated with infections from
other healthcare settings. Similar differences were shown in the prospective studies
in Thailand and China described above [13, 14].

8.2.2 Antimicrobial Resistance

In a review of 83 studies examining antibiotic susceptibility of bacteria causing
infections in sub-Saharan Africa and Asia, the authors concluded that only limited
data were available to guide antibiotic treatment which show considerable variation
in resistance patterns, both regionally and locally [21].

In the study from South Africa, described above, all community isolates of S.
aureus were cloxacillin-sensitive compared to only 52% of hospital isolates.
Increased antibiotic resistance was alsonoted in hospital isolates of Enterobacteriaceae
compared to community isolates. Similarly, in 98 patients with S. aureus blood-
stream infections in Thailand, community isolates were all methicillin-sensitive.
Methicillin-resistant S. aureus (MRS A) was only associated with hospital-associated
infection, particularly in ICU [22]. However, in a different series of Thai ICU patients
with severe sepsis and septic shock due to respiratory infection, 22% community-
acquired S. aureus infections were found to be methicillin-resistant [14]. Across 55
ICUs in 8 developing settings, 84% of S. aureus intravascular device-associated
nosocomial infections were due to MRSA [23]. In a review of S. aureus epidemiol-
ogy across Asia, hospital-acquired MRSA rates in general clinical samples collected
between 1993 and 2011 were usually in excess of 20% (Vietnam, Thailand, Indonesia,
Malaysia, China) and in some instances over 80% (India, Sri Lanka) [24]. In samples
from community-acquired infection, MRSA rates were also variable, ranging from
3.2% (Malaysia 2009) to 39% (Sri Lanka 2004-2006) [24]. Most studies were labo-
ratory-based surveillance studies lacking clinical data, and many of the community
isolates were from superficial skin infections; thus, the relationship to organisms
causing sepsis and septic shock was not clear.

Levels of Gram-negative bacterial resistance in resource-limited settings are often
high and increasing, particularly in Asia, but there remain significant geographical
variations [25, 26]. Extended-spectrum beta-lactamase (ESBL)-producing E. coli
were reported in 9% of E. coli isolates from blood cultures in Laos between 2004 and
2009 [27]. In Cambodia between 2007 and 2010, ESBL rates were 49% in
Enterobacteriaceae causing bloodstream infections in adults (mostly E. coli) [28].
2008 data showed rates of ESBL-producing bacteria causing significant abdominal
infections to be 2.9% in Malaysia compared to 59% and 61% in China and India,
respectively [25]. More recently, nosocomial-acquired ESBL rates above 80% in
India and more than 60% in China have been reported [29]. Between 2011 and 2012,
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51.6% of ICU patients with bacterial sepsis in Mongolia were infected by at least one
resistant bacterium, the majority of which were Gram-negative organisms [30].

In Asia and the Middle East, increased carbapenem use due to high-ESBL rates
has resulted in the appearance of carbapenem resistance. While community-acquired
infection data are limited, data from hospitals show that carbapenem-resistant
organisms causing hospital-acquired infection are an increasing concern. In Asia K.
pneumoniae carbapenemase (KPC)-related resistance was first noted in China in
2004. New Delhi metallo-p-lactamase-1 (NDM-1)-associated resistance was first
reported in 2008 in a patient initially treated in India [26]. In India data indicate that
5-8% of hospital-related Enterobacteriaceae infections are carbapenem-resistant
organisms [31]. In one neonatal intensive care unit in Pakistan, rates of imipenem-
resistant K. pneumoniae causing late-onset sepsis increased from 0% to 72% of
isolates over a 2-year period between 2009 and 2011 [32].

The situation in Africa has been described in a recent systematic review [33].
This describes a recent rapid emergence of carbapenem resistance throughout the
region, although data are more limited. Of note is that even in countries without
access to carbapenems, resistance has still emerged due to use of other antibiotic
classes, as shown by the emergence of OXA-23 carbapenemase-resistant A. bau-
mannii in Madagascar [34].

Several authors examined risk factors for antimicrobial resistance in resource-
limited settings. A study of patients with Klebsiella spp. and E. coli bloodstream
infections in India identified previous antibiotic use and transfer from other health-
care settings as risk factors for ESBL production [35]. In patients with febrile neu-
tropenia in Lebanon, previous broad-spectrum antibiotic use was a risk factor for
bacteremia with multidrug-resistant organisms [36]. Previous use of carbapenems
was found to be the sole risk factor for adult patients with pan-resistant Pseudomonas
aeruginosa bacteremia in Brazil [37].

8.2.3 Appropriateness of Antibiotic Choices

Two studies [6, 7] assessed the impact of inappropriate antibiotic use on outcome.
In a single-center study in Brazil [6], prescription of appropriate empiric antibiotics
was associated with survival benefit (odds ratio (OR) for death = 0.536 (95%) con-
fidence interval [0.314-0.916]; p = 0.023). In a study of nosocomial infections in
Thailand comparing combination therapy to monotherapy, combination therapy
was more successful, in part due to increasing the chances of the bacteria being
susceptible to the antibiotics [7].

8.2.4 Costs

Since antibiotic therapy is usually paid out of pocket by the patient or their relatives,
cost is an important factor guiding antibiotic choice. For many antibiotics, generic
products are available at a much lower price; however, the quality of these drugs is
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not always guaranteed [38]. In a study in India where ciprofloxacin, artesunate, and
rifampicin were purchased from 100 different outlets, 43% samples fell below the
90% of stated content [39]. A review of published and unpublished studies of
antimalarial drugs across sites in Southeast Asia and Africa showed 35% of samples
failed chemical analysis [40]. In a systematic review of 66 studies of substandard
pharmaceuticals (mainly antibiotics) conducted in Africa and Southeast Asia, 91%
of studies found products to be substandard, and 44% showed evidence of
counterfeiting [38].

8.2.5 Availability, Feasibility, Affordability, and Safety

There are significant differences in likely pathogenic organisms in resource-limited
settings compared to resource-rich settings but also a high degree of variation
between and within resource-limited settings. Hospital- and particularly ICU-
related infections are more likely to be caused by multidrug-resistant organisms,
and previous antibiotic use is a significant risk factor for resistance. Inappropriate
antibiotic treatment is associated with worse outcome.

Ideally local epidemiological data should be used when choosing empiric
therapy as large variations exist within regions. Establishment of well-chosen
sentinel sites for monitoring of prevailing pathogens and their resistance patterns
is suggested. The choice of empiric treatment is evidently dependent on the com-
mon causative pathogens and the resistance patterns of that area or hospital.
Examples for community-acquired infections include Northeast Thailand, where
20% of sepsis is caused by B. pseudomallei, and therefore ceftazidime or a car-
bapenem should be included. In areas in Asia where scrub typhus is a common
cause of severe fever and sepsis, doxycycline should be added to the empirical
antibiotic regimen. Local resistance patterns should inform whether in areas with
a high incidence of S. typhi bacteremia, fluoroquinolones are still usable. For
hospital-acquired infections, examples include the current concerning spread
beyond India of carbapenemase-producing Gram-negative bacteria. A policy
used in some hospitals is to avoid carbapenems as empirical treatment when
prevalence increases above 20% of Gram-negative bacteria. However, in most
resource-limited settings, there is limited microbiological data to guide therapy,
and the microbiological laboratory capacity of most resource-limited settings is
unlikely to improve soon.

Based on the presented evidence, the following recommendations were derived.
As poor outcome is associated with inappropriate initial antibiotic therapy, we rec-
ommend that empirical antibiotic therapy should cover all expected pathogens and
likely resistance patterns (1C) based on locally acquired epidemiological data, as
large regional variations exist (ungraded). We recognize that in settings with a lim-
ited range of antibiotics, this may be challenging. We suggest that research groups
in collaboration with stakeholders provide microbiological data from sentinel sites
throughout resource-limited settings to guide empirical antibiotic treatment
(ungraded) (Table 8.1).
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Table8.1 Recommendations and suggestions on infection control in patients with sepsis or septic
shock in resource-limited settings

1. Choice of empiric therapy As poor outcome is associated with inappropriate antibiotic
therapy, empirical therapy should aim to cover all expected pathogens and likely resistance
patterns (1C). We suggested that research groups in close collaboration with stakeholders
provide microbiological data from sentinel sites throughout LMICs to guide empirical
antibiotic treatment (ungraded)

2. Timing of antibiotics We recommend that appropriate antibiotics should be given
within the first hour in severe sepsis and septic shock (1C)
3. Taking blood cultures We recommend that blood cultures should be taken before

the administration of antibiotics (1B). It is realized that in
many hospitals in resource-limited countries, routine blood
culture in sepsis is not feasible

4. Source control We suggest source control is carried out within 12 h of
admission to hospital except in the specific case of
pancreatic necrosis (ungraded). Radiography and
ultrasound are good first-line imaging techniques. If an
intravascular device is suspected, this should be removed
(ungraded)

5. Combination antibiotics Where the possibility of multidrug-resistant
microorganisms is high, we suggest that combination
antibiotics should be used (2D). In settings with facilities
for blood culture and antibiotic resistance testing,
antimicrobial therapy should be de-escalated when culture
results are available (ungraded). We suggest that choice of
combination therapy should be guided by local
epidemiology and known effective combinations
(ungraded)

6. Biomarkers Use of biomarkers like procalcitonin and C-reactive protein
for de-escalation of antimicrobial therapy needs further
study in resource-limited settings before a recommendation
can be made

8.3  Timing of Antibiotic Treatment

Rapid elimination of causative microorganisms should help to prevent further patho-
logical injury in severe sepsis and septic shock. Several, mainly retrospective, studies
from resource-rich settings have shown an association between delay in antibiotic
administration and worse outcome in sepsis and septic shock [41-43]. However, ret-
rospective designs and the confounding effects of variable fluid resuscitation and
assessment of appropriateness of antibiotics mean that interpretation of results is com-
plex. A recent meta-analysis examining both prospective and retrospective studies
failed to show significant benefit of antibiotic administration within 3 h of emergency
department triage or 1 h of shock recognition [41]. Against a background of increas-
ingly rapid antibiotic administration, recent discussion has focused on whether delay-
ing treatment to ensure appropriate antibiotics are administered is beneficial.

In resource-limited settings, it may be more difficult to administer appropriate
antibiotics within the first hour of sepsis recognition as limited staff have to priori-
tize multiple tasks. The subgroup members therefore wanted to consider whether
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antibiotic administration within the first hour was an important and feasible goal in
resource-limited settings.

Reviewing the literature, we identified two studies involving patients from mixed-
resource settings and three studies from resource-limited settings. A retrospective
study included patients from both high- and middle-income countries (total 17,990
patients, with approximately 12% from South American ICUs) and examined the
time from sepsis recognition to antibiotics in patients with severe sepsis and septic
shock [44]. After adjustment for sepsis severity, geographical location, and admis-
sion source of sepsis, delay in antibiotic administration at hourly intervals up to 6 h
was associated with increased mortality for both severe sepsis and septic shock.

A survey of SSC resuscitation and management bundle compliance across 150 ICUs
in Asia (approximately 56% patients from resource-limited settings) reported that anti-
biotic administration <1 h (or <3 h from emergency department arrival) was associated
with significant survival benefit (OR for death 0.76 [0.58-0.99]; p = 0.02) [45].

Another study compared outcome and timing of antibiotic therapy in a single
center in Brazil [6]. This retrospective study of 1279 patients with severe sepsis and
septic shock, where mean time to antibiotics was 2.5 h, showed broad-spectrum anti-
biotic administration within 1 h was not associated with improved outcome com-
pared to >1 h in multivariate analysis (OR for death 0.77 [0.59-1.01]; p = 0.06). In
the 358 patients with positive blood cultures, appropriate antibiotic therapy was an
independent predictor of mortality, whereas antibiotic administration <1 h was not.

A prospective cohort study of 145 patients with sepsis in Iran evaluated the effect
on outcome of time from arrival in the emergency department to administration of
antibiotics and showed a significant relationship between mortality and hourly
delay in antibiotic administration up to >2 h. Subgroup analysis showed that this
relationship was strongest in patients with APACHE II scores >20 [46].

In a study of 104 patients with typhoidal ileal perforation in Tanzania, inadequate
antibiotic therapy prior to admission was associated with increased mortality (OR
3.1[1.45-7.86]; p = 0.006) [47].

8.3.1 Availability, Feasibility, and Affordability

The SSC states that the administration of appropriate antibiotics within an hour of
severe sepsis or shock recognition is a goal rather than standard of care. Observational
data from resource-limited settings suggests that in many settings, the administra-
tion of antibiotics to the majority of patients within 1 h is feasible, for example, in
China 98% of patients received antibiotics within 1 h, and in Brazil 68% patients
received the antibiotics within 1 h of sepsis recognition [48]. In Iran, 18% received
antibiotics within 1 h of arrival at the emergency department, but 74% were treated
within 2 h [46]. We found weak evidence from resource-limited settings suggesting
timely administration of antibiotics is beneficial. Nevertheless, in one study that
evaluated timely administration and appropriateness of antibiotics, appropriate ini-
tial antibiotic therapy was the only independent predictor of outcome [6]. Based on
the provided evidence, we recommend appropriate antibiotics should be given
within the first hour following recognition of sepsis and septic shock (1C).
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8.4 Importance of Blood Cultures Before Initiation
of Empirical Antibiotic Treatment

Definitive identification and sensitivity testing of causative organisms of sepsis and
septic shock allow de-escalation of treatment and ensure that appropriate antibiotic
therapy is given. Currently it is recommended that, if this does not delay administra-
tion of antibiotics, two sets of blood cultures should be taken, one of which should
be drawn through an intravascular device (if one has been present for more than
48 h), as this may help determine the origin of the infection. Obtaining blood cul-
tures is strongly recommended to aid microbiological identification, also in
resource-limited settings [4]. However, setting specific evidence on the added value
of blood cultures on patient outcome is important, since in resource-limited settings
laboratory access may be restricted and additional costs of tests must be justified.
Cultures taken before antibiotic administration are more sensitive, but in settings
with limited numbers of staff, the benefits must be weighed against time diverted
from performing other initial resuscitation measures.

In the literature search, we identified two relevant studies from resource-limited
settings and one from mixed-resource settings assessing blood cultures and out-
come in severe sepsis or septic shock. A prospective study from China in 212
patients with severe sepsis or septic shock and community-acquired pneumonia
reported that obtaining blood cultures before antibiotic treatment was associated
with a reduced risk of mortality (OR for death 0.46, [0.211-0.997]; p = 0.039) [48].

A large retrospective study from Brazil of 1279 patients with severe sepsis and
septic shock reported that taking blood cultures was associated with lower mortality
(OR 0.38, 95% CI [0.265-0.546]; p < 0.001), whereas antibiotic administration
within 1 h was not [6].

A study examining compliance with SSC bundles in Asian ICUs found that tak-
ing of blood cultures before antibiotics was associated with improved survival (OR
death 0.72, [0.54-0.95]; p = 0.02) [45].

8.4.1 Availability, Feasibility, and Affordability

We found evidence from resource-limited settings that taking blood cultures was
associated with improved outcome in sepsis and septic shock, although observa-
tional data cannot exclude confounding by better prognosis due to a less cryptic
presentation of sepsis as an explanation for this finding. Definitive microbiological
diagnosis allows the administration of appropriate antibiotics. A prospective survey
of 72 adults with severe sepsis or septic shock with S. aureus bacteremia in Thailand
reported 78% patients were empirically treated with appropriate antibiotics, but
after culture result, 98% were given effective antibiotic therapy [49]. In addition, as
discussed above, by detecting infections such as tuberculosis or melioidosis, the
necessary treatment to prevent relapse or resistance can be given.

In resource-limited settings, there may be no facilities for blood culture analysis.
In other locations where there is some laboratory capability, manual methods using
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self-made broth and manual inoculation of plates are an alternative to more
expensive-automated culture systems. Delay in sample processing may occur due to
distance from laboratory facilities or lack of trained staff. There is no definitive data
to guide temporary storage, but if it is not possible to process samples straightaway,
then bottles should be stored at ambient temperature, not refrigerated (expert
opinion).

We could not identify studies addressing the economic aspects of costs of imple-
mentation of microbiological capacity, versus the gains in disability-adjusted life
years (DALYSs), or restriction of antibiotic use. We also did not find any evidence to
quantify the additional benefit of taking a second set of blood cultures.

Based on the presented evidence, we recommend that blood cultures should be
taken before the administration of antibiotics in locations where this is possible
(1B). Ideally two sets of blood cultures should be obtained. It is realized that in
many hospitals, routine blood culture is unfeasible, but a recommendation of
expanding microbiological laboratory capacity is beyond the scope of this article.

8.5 Source Control

Source control is generally understood as including “all physical measures taken to
control a focus and modify factors in the infectious milieu that promote microbio-
logical growth or impair host antimicrobial defenses” [50]. Initial identification of a
focus of infection requires a combination of clinical examination and specialist
investigations. Source control methods should have maximum efficacy and cause
minimum physiological upset. In resource-rich settings, inadequate source control
has been shown to be an independent predictor of mortality in patients with sepsis
or septic shock [51-53]. However in some situations, e.g., peripancreatic necrosis,
there is moderate evidence suggesting delay in surgical source control is more
appropriate [54].

In resource-limited settings, source control may be affected by the different
infections encountered as well as limited access to specific diagnostic or surgical
modalities. When considering source control, the subgroup wished to particularly
focus on evidence for conditions commonly encountered in resource-limited set-
tings and not considered in current guidelines.

We searched the literature and identified seven papers from resource-limited set-
tings regarding source control. We also included one study from a resource-rich
setting that was specifically concerned with an important cause of sepsis and septic
shock in resource-limited countries. Six of the studies concerned source identifica-
tion. Three studies reported the use of chest radiography and ultrasound in source
diagnosis of typhoid or tuberculoid gastrointestinal perforations, reporting the pres-
ence of pneumoperitoneum in 70-75% of cases on chest radiography and fluid col-
lections in 70-97% of cases on abdominal ultrasound [47, 55-57]. In a retrospective
Australian study of 78 cases of prostatic abscesses due to melioidosis, 85% of cases
were detectable with ultrasound compared to a “gold standard” of computerized
tomography (CT) [58]. In a prospective cohort study of 230 patients in Thailand,
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ultrasonography identified abdominal abscesses in 33% of patients (and 38% or
those with positive blood cultures) although no comparison was made with CT [59].

Three studies examined timing of source control in typhoid gastrointestinal
perforation. An early series in India reported an increased mortality rate
associated with delay in surgery in a series of 100 consecutive cases of typhoidal
ileac perforation [60]. Another study from India reported a nonsignificant reduc-
tion in mortality (19 vs. 32%) in those whose operation was performed within
48 h of perforation [61]. More recently, a retrospective case series in Tanzania
reported that delay in surgery over 24 h was associated with higher mortality (24
vs. 14%) [47].

With respect to melioidosis, in the Australian series of prostatic abscesses, it was
noted that only small abscesses (<1 cm) resolved with antibiotic therapy alone and
drainage (either ultrasound- or CT-guided) was required in larger abscesses. Pus
drained from the majority of abscesses showed viable bacteria despite supervised
adequate and prolonged antibiotic therapy [58].

8.5.1 Availability, Affordability, and Feasibility

Removing the focus of infection in the septic patient is equally important in
resource-limited settings as in high-income settings. However, source control and
identification are challenging in resource-limited settings; poor investigative facili-
ties limit diagnostic capability, and less invasive measures for control often require
expensive equipment and expertise. Some conditions such as mycotic aneurysms in
non-typhoidal salmonellae infections are reported to be invariably lethal without
surgical resection [62]. Current SSC guidelines recommend source control within
12 h except in the case of pancreatic necrosis when delay appears to be beneficial.
We found weak evidence from resource-limited settings to support timely source
control (<24 h) in typhoidal perforations, although no studies specifically examined
control <12 h. In view of the lack of evidence for other situations, we felt unable to
apply a graded recommendation. There was no evidence of situations where delay
in source control seemed beneficial.

Ultrasound and X-ray are the most available and inexpensive investigations to
aid the anatomical infection site, and we found low-grade evidence of both investi-
gations showing reasonable sensitivity in abdominal perforation and melioidosis.
Radiological examination was available in 86% of patients with severe sepsis and
septic shock associated with S. aureus bacteremia in Thailand [49], and in 15 out of
46 cases where an anatomical site of infection was identified, appropriate source
control procedures occurred, although in five further cases, the patient was deemed
unfit for the appropriate surgical procedure.

Based on the presented evidence, we suggest the infection source control is car-
ried out within 12 h of admission to hospital (ungraded) except in the specific case
of pancreatic necrosis. Radiography and ultrasound are good first-line imaging
techniques (ungraded).
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8.6 Use of Combination Antibiotic Therapy
in Specific Situations

Although some data exist supporting combination therapy in all patients with sepsis
or septic shock, particularly those with most severe disease [63—66], there are few
randomized controlled trials examining this. Lack of good evidence and concerns
over antimicrobial resistance and toxicity has meant that monotherapy is recom-
mended in most instances. Notable exceptions are neutropenia and sepsis with
Gram-negative multidrug-resistant bacteria or S. pneumoniae bacteremia. If combi-
nation therapy is used empirically, it is recommended that it is used for less than
3-5 days. Although there are often biologically plausible mechanisms of additive or
synergistic action, success of combination therapy also appears to be related to the
increased likelihood of the causative bacteria being susceptible to at least one anti-
biotic [67, 68]. In addition to multidrug-resistant infections, the subgroup wanted to
assess evidence for benefit or combination therapy in specific diseases common to
resource-limited settings.

We identified a total of nine relevant studies examining combination antibiotic
therapy in patients in resource-limited settings: one meta-analysis of two random-
ized controlled trials in melioidosis, five studies examining combination therapy in
multidrug-resistant (MDR) or extensively drug-resistant (XDR) A. baumannii
infections (only one of which specifically addressed infections in patients with
severe sepsis or septic shock), and one study of febrile neutropenia.

In a meta-analysis of two randomized clinical trials of additional cotrimoxazole
to ceftazidime in the early phase of acute severe melioidosis in Thailand involving
a total of 449 patients, no difference in mortality or recurrent disease was noted
between the two treatment groups [69, 70]. Similarly, no difference was noted with
combination therapy in the later eradication phase of treatment [71].

A retrospective study in Turkey investigated single agent (colistin) versus com-
bination therapy (colistin/sulbactam) in 89 ICU patients with MDR A. baumannii
ventilator-associated pneumonia, 80% of whom had severe sepsis or septic shock.
After adjustment for APACHE II score, there was no difference in the mortality rate
between groups. Clinical and bacteriological responses were higher in the combina-
tion group although not statistically significant [72].

A retrospective analysis of 110 nosocomial infections due to A. baumannii associ-
ated with systemic inflammatory response syndrome in Thailand found that there was
improved clinical cure rate and outcome in patients treated with combination therapy
and that combination therapy increased the chance of appropriate antibiotics [7].

A multicenter retrospective study of 214 patients in Turkey with XDR A. bau-
mannii bloodstream infections found improved mortality and clinical and microbio-
logical cure when colistin was used in combination compared to colistin alone [73].

Two hospital-wide studies of resistant A. baumannii isolates were identified: one
of colistin-only susceptible strains and the other of multidrug-resistant strains (49
and 51 patients, respectively) reported to have nonsignificant reductions in mortal-
ity with combination treatment [74, 75].
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One study compared combination therapy in 151 cases of febrile neutropenia in
Turkey, analyzing response rates between non-carbapenem monotherapy or combi-
nation therapy and combination carbapenem therapy in 88 adults [76]. Similar rates
of response were seen in all patients.

8.6.1 Availability, Affordability, and Feasibility

In many resource-limited settings, community infections are more likely to be
caused by resistant organisms than in resource-rich settings [77]. Prior antibiotic
use is known to affect the gut microflora which is the main source of pathogens for
ICU-acquired infection; thus widespread unregulated community use of antibiotics
is likely to lead to increased resistance, and this is reflected in the resistance profiles
of organisms causing healthcare-associated infection in resource-limited settings
[30, 78-80]. Limitation of laboratory and diagnostic facilities prevents definitive
diagnosis or de-escalation of antibiotic treatment, and empiric therapy may remain
the only therapeutic option. As antibiotics are often the most significant expenditure
for patients with sepsis and septic shock in resource-limited settings, prolonged
courses of combination therapy significantly increases healthcare costs [81]. A con-
sensus paper from resource-rich settings concluded that the evidence is insufficient
to warrant a general recommendation for combination antibiotic treatment [8], and
we did not find any studies examining the benefit of combination therapy in situa-
tions where currently only monotherapy is advised in the current SSC guidelines. In
studies of MDR or XDR A. baumannii infection, combination therapy appeared to
be beneficial. In cases of XDR bacterial infection, some authors have argued that
monotherapy should be avoided due to the risk of developing resistance. In addition
combination therapy may be more efficient at killing bacteria and thus enable
shorter courses of antibiotic therapy [67].

In the case of melioidosis, no evidence was found that initial combination treat-
ment was superior although some have argued that combination therapy should be
used for patients with deep-seated abscesses and focuses of infection [82].

Based on this we suggest that where the possibility of multidrug resistance is
high, combination antibiotics should be used (2D). Choice of combination therapy
should be guided by local epidemiology and known effective combinations
(ungraded). Antimicrobial therapy should be de-escalated whenever possible
(ungraded). We recognize that without microbiological information, de-escalation
is difficult.

8.7 Use of Procalcitonin (PCT), C-Reactive Protein (CRP), or
Other Biomarkers for De-escalation of Antibiotics

Reducing global antibiotic use is a major part of antibiotic stewardship programs
aiming to reduce global spread of antimicrobial resistance. De-escalating treatment
to narrow-spectrum agents and reducing the duration of antibiotic treatment are key
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elements in this approach. Since facilities for blood culture are often absent, the
clinician often lacks guidance to de-escalate empirical-started antibiotic treatment.
Semiquantitative CRP or PCT point-of-care tests have become increasingly avail-
able and could be a potential tool to guide de-escalation.

There are limited randomized controlled trial data concerning outcome follow-
ing de-escalation of empiric antibiotic therapy [83]. There is more evidence on the
use of biomarkers to de-escalate or terminate antibiotic therapy in severe sepsis and
septic shock, but this comes mainly from resource-rich settings in Europe. The most
widely available biomarkers studied for this purpose are PCT and CRP. PCT is gen-
erally more specific for bacterial sepsis but costlier compared to CRP. Results of
several meta-analyses involving up to seven randomized controlled trials (total 1075
patients) have shown PCT can be used safely to reduce length of antibiotic treat-
ment and may be cost-effective [84—89].

In resource-limited countries with high levels of antimicrobial resistance, strate-
gies to reduce use of broad-spectrum agents are important. While we specifically
searched for evidence of biomarkers in resource-limited settings, we also included
studies from resource-rich settings that covered other biomarkers that would be
potentially useful in resource-limited settings.

We identified two studies from resource-limited countries and also included one
recent study from a resource-rich country on procalcitonin and one on fever course
and white blood cell counts to guide antibiotic therapy [90] [91].

Eighty-one patients with a proven bacterial infection and sepsis, severe sepsis,
or septic shock admitted to an ICU in Brazil were randomized to PCT-guided treat-
ment or normal treatment. In the 51 patients per protocol analysis, median duration
of antibiotic therapy was significantly lower in the PCT group, which was not at
the expense of a worse treatment outcome. However, intention-to-treat analysis
showed no difference. Reduced antibiotic costs led to significant cost savings in the
PCT group, offsetting the increased cost of testing [91]. CRP levels were also mea-
sured in the PCT group, but these remained elevated until the end of antibiotic
treatment.

A randomized clinical trial in China studied the use of PCT-guided initiation and
termination of antibiotic therapy in 35 patients with severe acute pancreatitis com-
pared to 36 patients who received a standard 14-day course of prophylactic antibiot-
ics [92]. Average duration of antibiotic use, length of hospitalization, and costs of
hospitalization were shorter in the PCT-guided group.

A more recent large multicenter randomized clinical trial from the Netherlands
in 1575 critically ill patients showed that an antibiotic-stopping rule based on a
reduction in plasma procalcitonin concentrations of >80% from its peak value (or an
absolute decrease below 0-5 pg/L) resulted in a reduction of duration of antibiotic
treatment and was associated with a significant decrease in mortality [93].

In a multicenter randomized clinical trial of 518 patients with complicated
abdominal sepsis and adequate source control in the USA, patients were random-
ized to a white blood count/fever-guided cessation of antibiotics or a fixed 4-day
course. In the white blood count/fever-guided group, antibiotic duration was signifi-
cantly longer. There were no differences in outcome [90].
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8.7.1 Availability, Affordability, and Feasibility

We found evidence from resource-limited settings that PCT-guided antibiotic poli-
cies can be cost-effective as cost of tests is offset by antibiotic cost savings [91, 92].
Two studies from resource-limited settings have shown benefit of PCT guidance in
antibiotic de-escalation in sepsis and septic shock [91, 94]. CRP could be used as a
cheaper alternative, but this will need additional evaluation. We did not find evi-
dence of low-cost alternatives, including fever or white blood cell counts, being
beneficial when compared to short-fixed durations of therapy.

Based on this we conclude that the use of biomarkers, in particular PCT and
CRP, for de-escalation of antimicrobial therapy needs further study in resource-
limited settings before a recommendation can be made.

8.8  Outstanding Questions for Future Research

In addition to reviewing the literature concerning the above questions, we also dis-
cussed areas currently lacking in evidence in resource-limited settings and where
resource-rich country evidence may not be applicable.

Reducing duration of antibiotic use can reduce side effects, treatment costs, and
antimicrobial resistance. Studies in resource-rich settings have shown that in gen-
eral shortened courses of antibiotics do not appear to be harmful and may be associ-
ated with reduced antimicrobial resistance [66, 95]. Others, however, have argued
that longer durations of treatment may be required in cases of immune deficiency,
inadequate source control, MDR and XDR infections, poor tissue penetration of
drugs, the presence of foreign materials, or inadequate initial antibiotics [95, 96].
Although reduced duration of antibiotic treatment would be particularly attractive
in resource-limited settings, it remains unclear whether this can be safely adopted in
places where definitive microbiological diagnosis is challenging and when there are
high-prevalence rates of non-fermenting Gram-negative bacteria.

The recommendations for prevention of nosocomial infections in the current
SSC guideline include a Grade 2B recommendation in favor of chlorhexidine
mouthwash and selective digestive decontamination. These measures have been
used in resource-rich settings [97], and the subgroup initially intended to discuss
their use in resource-limited settings. However, they are yet to be tested in resource-
limited settings, and as there are important differences in epidemiology of nosoco-
mial infection and capacity for infection control, the subgroup felt that applying
evidence from resource-rich settings was not appropriate. The efficacy and safety of
these interventions in resource-limited settings therefore require further study.

Finally, the advent of new technologies with the ability to type and characterize
microorganisms without the need for conventional culture techniques may negate
the requirement for highly specialized microbiology staff and facilities. There is
currently one ongoing study of their use in a resource-limited setting. However,
careful cost-benefit analysis is required. These methods could eventually contribute
significantly to improved management of patients with sepsis and septic shock as
well as antibiotic stewardship programs.
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9.1 Introduction

Sepsis in resource-limited settings will often have different etiologies to those in
Western settings, including severe malaria, severe dengue, viral hemorrhagic fevers,
melioidosis, typhus, and leptospirosis. The Surviving Sepsis Campaign (SSC)
guidelines [1] are mainly based on evidence from studies on bacterial sepsis. These
guidelines are widely applicable, but there are also exceptions. We here focus on
disease-specific recommendations for the management of severe falciparum malaria
and severe dengue. An international team with extensive practical experience in
resource-limited intensive care units (ICUs) identified key questions concerning the
SSC’s management recommendations on these diseases. Pertinent evidence from
resource-limited settings was evaluated using the Grading of Recommendations
Assessment, Development, and Evaluation (GRADE) tools.

Severe falciparum malaria is a multiorgan disease caused by Plasmodium falci-
parum transmitted by Anopheles mosquitoes. The highest transmission and disease
burden is in sub-Saharan Africa, where severe malaria is largely a pediatric disease,
as older children and adults become partly immune. In Asia and South America, all
age groups may be affected. Independent of age, the presenting symptoms with the
strongest prognostic significance are coma (cerebral malaria), metabolic (lactic)
acidosis, and renal dysfunction. Acute respiratory distress syndrome is a common
and often fatal complication in adult patients with severe malaria. Hypotension
occurs infrequently (~12% of cases), and should raise a suspicion of concomitant
bacterial sepsis. One of the main pathophysiologic differences of severe falciparum
malaria compared to bacterial sepsis is microcirculatory impairment caused by
sequestration of parasite-infected erythrocytes, red cell rigidity, and red cell
clumping.

Severe dengue is caused by dengue virus transmitted by Aedes mosquitoes.
Approximately 1-5% of patients will develop severe manifestations. The defining
feature is a vasculopathy with increased capillary permeability, causing plasma
leakage, reduced intravascular volume, and if severe life-threatening hypovolemic
shock [2]. This “critical phase” typically starts during the period of defervescence
and lasts for approximately 48 h. Bleeding complications and organ involvement of
the brain, liver, kidney, and heart may be additional features and occur more fre-
quently in adult cases [3]. Recommendations and suggestions are summarized in
Table 9.1.

9.2 Fluid Management in Severe Malaria

Severe malaria is an old disease, and historically, the guidance for fluid manage-
ment has been to “keep them dry.” This approach was subsequently challenged
when it was recognized that severe malaria is a severe sepsis syndrome with signs
of tissue hypoperfusion and thus might benefit from fluid bolus therapy. The SSC
guidelines recommend in patients with sepsis-induced tissue hypoperfusion and
suspicion of hypovolemia an initial fluid challenge of minimal 30 mL/kg of crystal-
loids, to be completed within 3 h, of which a portion may be albumin equivalent;
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Table 9.1 Recommendations and suggestions for the management of patients with severe malaria
and severe dengue in resource-limited settings (with grading)

Fluid management
of severe malaria

We recommend not to use fluid bolus therapy in normotensive patients
with severe falciparum malaria (1A). We suggest that patients receive
maintenance isotonic crystalloid fluid therapy (2—4 mL/kg/h), which may
subsequently be reduced to 1 mL/kg/h in patients receiving additional
fluids, e.g., through enteral tube feeding (2D). We suggest that in patients
with hypotensive shock, fluid bolus therapy (30 mL/kg) with isotonic
crystalloids be commenced (ungraded) and, if available, early initiation of
vasopressor medication (ungraded)

Timing of enteral
feeding in cerebral
malaria

We suggest initiating enteral feeding in non-intubated adult patients with
cerebral malaria after 60 h, in order to limit the possibility of aspiration
pneumonia (2B). There are insufficient data to make this recommendation
for children with cerebral malaria

Permissive
hypercapnia in
ventilated cerebral
malaria

We suggest not to use a strategy of permissive hypercapnia to achieve
ventilation with low tidal volumes in patients with cerebral malaria,
because of the high incidence of brain swelling in these patients
(ungraded)

Fluid management
in severe dengue

We recommend that fluid resuscitation in severe dengue is executed
promptly and guided by pulse pressure, capillary refill time, hematocrit,
and urine output according to WHO guidelines and that fluid therapy
should be restricted as soon as the critical phase of the disease is over to
avoid pulmonary edema (1C). We recommend that rapid administration of
large fluid boluses should be avoided, unless the patient is hypotensive
(1D). We recommend that in dengue patients with compensated shock,
colloid fluids are not used (1A)

Use of
corticosteroids in
severe dengue

We recommend not to use corticosteroids in the treatment of severe
dengue (1B)

Use of
prophylactic
platelet transfusion
in severe dengue

We recommend not to use prophylactic platelet transfusion for
thrombocytopenia in the absence of active bleeding complications or
other risk factors (uncontrolled arterial hypertension, recent stroke, head
trauma or surgery, continuation of an anticoagulant treatment, existing

hemorrhagic diathesis) (1B)

this applies to patients with hypotension or a plasma lactate >4 mmol/L [1]. It was
shown by various techniques that both children and adults with severe falciparum
malaria are intravascular dehydrated [4—6] although this was debated by some [7].
Small trials in African children with severe malaria suggested a benefit from fluid
bolus therapy, in particular with albumin [8—11], as recently reviewed [12]. However,
a subsequent large trial on fluid bolus therapy in 3138 African children with severe
infections and compensated shock, of which 57% had falciparum malaria, showed
overall a 40% increase in mortality with fluid bolus therapy (20 mL/kg or 40 mL/kg
with either saline or albumin). In the 1793 children with severe P. falciparum
malaria, mortality in the bolus groups was 51% higher (RR 1.51 [1.17-1.95]) than
without fluid bolus therapy [13]. In the same study, febrile patients with hypotensive
(““decompensated”) shock were randomized between 20 and 40 mL/kg fluid bolus
therapy with either saline or albumin; 69% of the children (9 of 13) in the albumin
bolus group and 56% (9 of 16) in the saline-bolus group died (P = 0.45). In Asian
studies in adult severe malaria, rapid fluid resuscitation did not improve metabolic
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acidosis [14, 15], and transpulmonary thermodilution-guided rapid fluid resuscita-
tion resulted in pulmonary edema in 8/28 (29%) patients [15]. One observational
study showed no deterioration in renal function or plasma lactate with maintenance
fluid therapy between 1.3 and 2.2 mL/kg/h [16]. A recent systematic review con-
cluded that fluid bolus therapy with either crystalloid or albumen is not beneficial in
severe falciparum malaria [17].

We recommend not to use fluid bolus therapy in normotensive patients with
severe falciparum malaria (1A). We suggest not to use colloid therapy, including
albumin 5% (2C). In normotensive patients, we suggest initial crystalloid fluid ther-
apy of 2-4 mL/kg/h (2D). In patients receiving enteral fluids, e.g., through enteral
tube feeding, we suggest that this can be reduced to 1 mL/kg/h (2D). This is slightly
more conservative than the recommendation in the management guidelines for
severe malaria issued by the World Health Organization, recommending 3-5 mL/
kg/h [18]. There are no data on the benefit of balanced fluids over normal saline. We
suggest fluid bolus therapy (30 mL/kg) with an isotonic crystalline in patients with
hypotensive shock and, if available, early start of vasopressive medication
(ungraded). Hypotensive shock in a patient with severe malaria could indicate con-
comitant bacterial sepsis, and be evaluated and treated accordingly.

9.3  Timing of Enteral Nasogastric Tube Feeding
in Cerebral Malaria

The SSC guidelines suggest administering oral or enteral (if necessary) feeds, as
tolerated, rather than either complete fasting or provision of only intravenous glu-
cose within the first 48 h after a diagnosis of severe sepsis/septic shock (grade 2C)
[1]. Early enteral feeding is thought to preserve gut integrity and function, maintain
bile secretion and secretory IgA, maintain gut-associated lymphoid tissue (GALT)
resulting in reduced translocation, improve splanchnic blood flow, and act prophy-
lactically against stress ulceration. In patients with severe malaria, malnutrition is
common, as is concomitant invasive bacterial infection [19]. Therefore, the recom-
mendation for early start of enteral feeding seems valid for patients with severe
malaria, including intubated patients with cerebral malaria. However, in resource-
limited settings, endotracheal intubation of comatose patient is often not practiced,
and there might be an increased risk of aspiration pneumonia.

We could identify one randomized clinical trial on the timing of enteral feeding
in patients with cerebral malaria [20]. This trial in (mainly) adult Bangladeshi
patients with cerebral malaria who were not on mechanical ventilation, and thus had
an unprotected airway, showed that early (<60 h) enteral feeding was associated
with aspiration pneumonia in 9/27 (33%) versus 0/29 with late start after 60 h
(p = 0.001). This despite proper positioning of patients, and pre-feed inspection of
gastric retention. No difference in the incidence of hypoglycemia was observed.

We suggest starting enteral feeding in non-intubated adult patients with cerebral
malaria after 60 h (2B). There are insufficient data on pediatric patients with cere-
bral malaria from African settings.
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9.4  Mechanical Ventilation in Patients with Severe Malaria
and Acute Respiratory Distress Syndrome

Acute respiratory distress syndrome (ARDS), or pulmonary malaria, is a feared
complication of severe falciparum malaria and can also complicate the course of
vivax malaria [21]. The incidence of ARDS in adult patients with severe malaria is
estimated 5 to 25% and up to 29% in pregnant women; ARDS is thought to be rare
in pediatric severe malaria [22]. To protect the lung from the damaging effects of
mechanical ventilation, the SSC recommends targeting a tidal volume of 6 mL/kg
predicted body weight in patients with sepsis-induced acute respiratory distress syn-
drome (ARDS), that plateau pressures be measured in patients with ARDS and that
the initial upper limit goal for plateau pressures in a passively inflated lung be
<30 cm H,O [1]. There are no randomized clinical trials to evaluate this recommen-
dation specifically for ARDS in the context of severe malaria. However, given the
large benefit of this ventilation strategy in patients with other causes of ARDS, this
recommendation should also be valid in severe malaria. The SSC guidelines also
suggest that to facilitate the use of a lung protective ventilatory strategy, permissive
hypercapnia can be used. It should be noted that availability of blood gas or end-
tidal CO, monitoring is limited in resource-limited settings, compromising its safe
implementation.

There are no randomized clinical trials on the use of permissive hypercapnia in
mechanically ventilated patients with severe falciparum malaria. However, in cere-
bral malaria, brain swelling is common, caused by an increase in intracerebral blood
volume including the sequestered parasitized red blood cell mass, vasogenic edema,
and cytotoxic edema, and is more prominent in pediatric cases [23-26]. Because
hypercapnia will further increase intracranial pressure, we suggest against the use of
permissive hypercapnia to achieve the goal of low tidal volume ventilation in
patients with cerebral malaria, as cerebral malaria is associated with brain swelling
and variably increased intracranial pressure (ungraded).

9.5 Fluid Management in Severe Dengue

Severe dengue can be defined as a sepsis syndrome. Yet, important aspects of the
pathophysiology of the circulatory changes are distinct from bacterial sepsis.
Dengue shock syndrome is characterized by a vasculopathy during the critical phase
of the disease, with a plasma leak and hemoconcentration, causing important intra-
vascular volume depletion [3]. This initially leads to a compensated shock with
signs of tissue hypoperfusion and a decreased pulse pressure with preserved systolic
blood pressure. This can be followed by life-threatening hypotensive shock.
Hemorrhage, in particular from the gastrointestinal tract, and more rarely myocar-
ditis, can contribute to circulatory shock. The onset is usually more gradual than
with bacterial sepsis. Management of patients with severe dengue relies largely on
careful monitoring, including early recognition of vascular leakage and proper fluid
replacement, combined with prompt but carefully guided volume resuscitation for
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patients who develop dengue shock syndrome. The SSC guidelines advocate fluid
bolus therapy for patients with sepsis-induced tissue hypoperfusion and suspicion
of hypovolemia [1], which might not be appropriate for patients with severe dengue
and compensated shock. In addition, because of the prominent plasma leak, the use
of colloids might be beneficial in dengue with hypotensive shock, as opposed to its
use in patients with bacterial sepsis. The WHO guidelines for the management of
patients with severe dengue distinguish patients with compensated shock from those
with decompensated (hypotensive) shock [2, 27]. In compensated shock, recom-
mended initial fluid therapy is with isotonic crystalloid solutions at 5-10 mL/kg
over 1 h, which can be tapered every few hours if the patient improves guided by the
pulse pressure, capillary refill time, hematocrit, and urine output. Prudential fluid
therapy is important throughout the disease, but in particular fluid administration
should be restricted as soon as the critical phase of the disease is over to avoid pul-
monary edema. In the same guidelines, it is recommended in patients with hypoten-
sive shock, to resuscitate with crystalloid or colloid solution at 20 mL/kg as a bolus
given over 15 min.

No randomized clinical trials to support the WHO fluid resuscitation recommen-
dations could be identified. Fluid bolus therapy, and liberal fluid management more
in general, was a risk factor for respiratory distress in a large prospective observa-
tional study in Latin American and Asian patients with dengue [28]. A large pro-
spective observational study in 1719 Vietnamese children with laboratory-confirmed
dengue shock syndrome practiced an initial fluid regimen of Ringer’s lactate solu-
tion at 25 mL/kg over 2 h, with colloid solutions reserved for children presenting
with decompensated shock [29]. The observed case fatality rate with this approach
was 8/1719 children (0.5%).

We recommend to follow the current WHO guidelines on fluid management in
severe dengue/dengue shock syndrome (1C). We recommend that rapid (<30 min)
administration of large (>15 mL/kg) fluid boluses should be avoided, unless the
patient is hypotensive (1D).

There are several randomized clinical trials comparing crystalloid with colloid
fluid management for the treatment of patients with severe dengue and compensated
shock. In a Vietnamese trial, 383 children with moderately severe dengue shock
syndrome were randomized to fluid therapy with either Ringer’s lactate, 6% dex-
trose, or 6% hydroxyethyl starch in a 1:1:1 ratio [30]. The need for rescue resuscita-
tion with a colloid or the proportion of children with shock recurrence (which
carries a worse prognosis) was similar between treatment arms. An additional two
other randomized trials did not show better outcome parameters with (more expen-
sive) colloids over crystalloid fluids [31, 32]. A quasi-randomized study from the
Philippines with alternate allocation of starch versus crystalloid fluids also did not
show an additional benefit of colloid therapy [33].

We recommend that in dengue patients with compensated shock, colloids are not
used for initial resuscitation (1A). There is insufficient evidence to recommend fluid
choice in severe dengue with hypotensive shock, but there is discussion among
experts whether there is a role for colloids in severe dengue patients with hypoten-
sion, given the prominent role of capillary leak it its pathogenesis. Since current
evidence strongly suggests that all hydroxyethyl starches (HES) increase the risk of
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acute kidney injury and renal replacement therapy [34], we suggest not to use HES
for fluid resuscitation in patients with severe dengue (ungraded).

9.6 Use of Corticosteroids in Severe Dengue

Both humoral and cellular immune responses are thought to be implicated in the
pathogenesis of vasculopathy, which is central in the pathogenesis of dengue shock
syndrome [35]. The risk for developing severe disease is increased in secondary
heterotypic infections, in which antibody-dependent enhancement (ADE) of infec-
tion and cross-reactive memory T cells are thought to play a role. These insights
have led to the use of immunomodulatory therapy with corticosteroids in severe
dengue infection.

A Cochrane review on patients with dengue shock syndrome identified four ran-
domized or quasi-randomized trials comparing corticosteroids with no corticoste-
roids or placebo involving 284 participants with dengue shock syndrome [36].
Corticosteroids did not reduce the number of deaths (RR 0.68, 95% CI 0.42—-1.11;
284 participants, 4 trials), the need for blood transfusion (RR 1.08, 0.52-2.24; 89
participants, 2 trials), or the number of serious complications (convulsions and pul-
monary hemorrhage, 1 trial). The evidence was rated low quality as most studies
were underpowered or lacked stringent randomization or allocation concealment.
Corticosteroids were administered after the onset of shock. A more recent
Vietnamese randomized trial in 225 children with dengue fever evaluated early oral
prednisolone therapy (2 mg/kg versus 0.5 mg/kg versus placebo for 3 days) [37].
The use of oral prednisolone was not associated with prolongation of viremia and
was considered safe. However, no reduction in the development of dengue shock
syndrome or other complications was observed with early prednisolone therapy,
although the trial was not sufficiently powered to assess efficacy. An additional
analysis of the same trial focusing on immunological endpoints did not show an
important attenuation of the host immune response with prednisolone treatment
[38]. An additional Cochrane review of trials on the early use of corticosteroids in
patients with dengue fever identified four studies (including the study discussed
above), enrolling a total of 664 children and adults, showing no benefit of cortico-
steroids regarding mortality or dengue complications, although the evidence was
considered low to very low quality [39].

With the current level of evidence, the use of corticosteroids is not recommended
in the treatment of severe dengue (1B).

9.7 Preventive Platelet Transfusion in Patients
with Severe Dengue

Bleeding is a feared complication of severe dengue infection. Thrombocytopenia
with a thrombocytopathy is invariably present in patients with severe dengue infec-
tion. However, vasculopathy is a central and important additional contributor to the
bleeding risk [3]. Prophylactic transfusion of platelets is a common practice in
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dengue-endemic countries [40]. Platelet transfusion is not without risks, since it can
cause allergic reactions and transmission of blood-borne pathogens.

An open-label randomized study in 87 patients with dengue and a platelet count
below 30,000/pL did not show decreased incidence of severe bleeding with prophy-
lactic platelet transfusion [41]. A non-randomized Singaporean study in 256 dengue
patients with thrombocytopenia <20,000/pL, of whom 188 were given prophylactic
platelet transfusion, also did not show decreased bleeding episodes in the treatment
group [42]. An observational study from Martinique during a dengue outbreak eval-
uated a conservative strategy to prophylactic platelet transfusion (only if platelets
count <5000/pL, or in case of additional risk factors). A poor correlation between
thrombocytopenia and the occurrence of severe bleeding during admission was
observed, and the followed conservative transfusion strategy was considered safe
[43]. The WHO guidelines do not recommend prophylactic platelet transfusion in
severe dengue. The results of the Adult Dengue Platelet Study (ADEPT,
ClinicalTrials.gov: NCT01030211), a prospective randomized open-label trial to
examine the safety and efficacy of prophylactic platelet transfusion in Singaporean
adults with severe dengue-related thrombocytopenia (platelet count below 20,000/
pL but no bleeding), are pending. In resource-limited settings, the availability of
safe pathogens vs. screened blood products can be limited, and platelet transfusion
can have important cost implications, supporting restrictive use of platelet
transfusion.

We do not recommend platelet transfusion for thrombocytopenia in the absence
of active bleeding complications or other risk factors such as the use of anticoagu-
lants, existing hemorrhagic diathesis, uncontrolled arterial hypertension, recent
stroke, head trauma or surgery (1C). In case of bleeding complications, we suggest
transfusion of fresh-frozen plasma (or cryoprecipitate) and platelet concentrate
(ungraded).

9.8 Conclusions

Although most recommendations in the SSC guidelines are also applicable for the
management of severe malaria and severe dengue, there are some important excep-
tions, in particular regarding fluid management.
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10.1 Introduction

Infectious diseases leading to septic shock remain a major cause of childhood mor-
tality around the globe [1, 2]. Recommendations in the Surviving Sepsis Campaign
(SSC) guidelines for pediatric patients rely on evidence from resource-rich settings
[3]. However, recommendations are context dependent, and published guidelines
deriving evidence primarily from resource-rich settings may be less relevant in
areas where resources are minimal and the epidemiology is very different, given the
differences in infection-related mortality between regions. Thus, recommendations
for the treatment of septic shock in children in intensive care units (ICUs) in
resource-limited settings are sorely needed.

There is no standardized definition of an ICU, but for the purposes of these rec-
ommendations, we are focusing on referral hospitals with the capability to inten-
sively monitor critically ill children, ideally with the availability of some form of
mechanical ventilation [4]. These ICUs may not exclusively care for children and
are likely staffed by a variety of care providers, within a context of a resource-
limited health system. The need for these recommendations is underlined by the
surprising results from one large randomized controlled trial on fluid therapy in
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African children [5], at least suggesting that not all evidence for benefit from certain
interventions in resource-rich settings guarantees equal benefit in resource-limited
settings. The World Health Organization (WHO) issues guidelines on emergency
triage and treatment, which these recommendations aim to supplement by address-
ing ICU-specific contexts.

We provide a set of simple, readily available, and affordable recommendations
based on management of pediatric patients with severe sepsis and septic shock in
resource-limited settings. Recommendations and suggestions are summarized in
Table 10.1.

Table 10.1 Recommendations and suggestions on pediatric sepsis or septic shock management

in resource-limited settings (with grading)

1 | Identification Observe for a combination of danger signs of end-organ dysfunction and

including lactic acid levels if affordable and available (1C)

2 | Intraosseous Placement of an intraosseous line must be considered for vascular
access access after 3—5 min of intravenous access attempts (2B)

3 | Resuscitation of | Children with severe acute malnutrition without signs of severe shock
malnourished should not receive rapid intravenous fluids as bolus therapy (2C);
children children with severe acute malnutrition and signs of septic shock have

high levels of mortality, and we suggest that they should be given
intravenous rehydration with either half-strength Darrow’s solution with
5% dextrose or Ringer’s lactate solution with 5% dextrose at a rate of
10—15 ml/kg/hour with avoidance of rapid bolus therapy (2C)

4 | Bolus fluid Use a careful but foremost individualized approach to fluid

resuscitation administration in children with sepsis in resource-poor settings (1B); for
those who do not have evidence for severely impaired circulation,
administer maintenance fluids only (1B)—for those who do have
evidence of severely impaired circulation, very carefully administer
10-20 mL/kg of crystalloids over 30 minutes, which may be repeated if
there are no signs of improvement and no signs of fluid overload (2C)

5 | Goal-directed No recommendation can be made regarding incorporating early
fluid goal-directed therapy for children with septic shock in resource-limited
resuscitation ICUs, specifically pertaining to using central venous oxygen saturation,

lactate, or central venous pressure to guide resuscitation (UG);
incorporate quality assurance protocols for timely antibiotic
administration, oxygen and respiratory support, and fluid management
protocols into resource-limited settings for the management of pediatric
sepsis (1D)

6 | Transfusion in Transfuse children with severe anemia and malaria only if there are
severe malaria signs of severe sepsis such as respiratory distress or shock (1C);
and sepsis transfuse children with severe anemia (hemoglobin level < 4 g/dL) (1D);

there is no evidence to support a specific transfusion threshold for
children with anemia and sepsis in resource-limited settings

7 | Noninvasive Children with severe respiratory distress and hypoxemia from sepsis
ventilation related to pneumonia benefit from bubble CPAP (1B)

8 | Low tidal Use a tidal volume of 5 to 8 mL/kg predicted body weight in all
volume mechanically ventilated children with sepsis-induced acute lung injury
ventilation in resource-limited settings (1D)
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10.2 Identification of Septic Shock in Children

The burden of septic shock in children admitted to ICUs in resource-limited settings
is undoubtedly large, though difficult to define. The International Consensus
Conference on Pediatric Sepsis [3] defines sepsis as the systemic inflammatory
response syndrome (SIRS) plus suspected or proven infection, while septic shock
incorporates cardiovascular dysfunction leading to hypotension. New adult defini-
tions have yet to be validated in children or in low-resource settings [4]. From a
clinician’s viewpoint, a diagnosis of septic shock recognizes that children who die
from infections, regardless of their source, develop various combinations of cardiac
failure, acute respiratory distress syndrome, or other organ dysfunction. Indeed, the
largest clinical trial of children with severe febrile illness and impaired perfusion in
sub-Saharan Africa supports this contention, where the major cause of death in this
population is cardiovascular collapse [5, 6]. It may be possible to identify children
with septic shock, regardless of underlying etiology, relatively early in ICUs, where
intensive monitoring is available and mechanical ventilation possible. Recognizing
this complex syndrome (septic shock) rather than focusing on a single disease entity,
i.e., pneumonia or diarrhea may be important, given that interventions must often be
performed before a definitive diagnosis is available [7—11]. The WHO uses this
approach by highlighting danger signs and therapies rather than individual diseases
through their emergency triage and treatment (ETAT) [12]. Emergency signs of
shock or severely impaired circulation, as outlined by ETAT, include cold extremi-
ties, weak pulse volume, and prolonged capillary refill, with a definition of shock
constituting having all three of the above. These recommendations are supplemen-
tal to existing guidelines such as ETAT on the identification of severely ill children
and are restricted to the context of intensive care units, where advanced monitoring
is feasible.

A large number of studies examined various clinical tools in various settings in
determining outcomes of children with severe infections in low-resource settings.
The accuracy of International Consensus Conference definitions or other alternate
definitions has not been prospectively validated in ICUs in resource-limited set-
tings. A systematic review of sepsis definitions focusing upon low-resource settings
in children was identified. Using data from the FEAST trial [13], the presence of a
weak pulse, prolonged capillary refill time, a temperature gradient, and coma were
all significantly associated with a higher rate of mortality in this large population
with sepsis. Prolonged capillary refill time has been shown to be a predictor of out-
comes in severely ill children with infection in other high- and low-resource set-
tings, [13, 16—-18], although poor inter-rater variability and reproducibility render its
clinical utility by inexperienced clinicians suspect [19-22]. Weak pulse volume,
declining mental status, and hypothermia are also all associated with worse out-
comes in children with severe infections [13, 23-26]. Hypoxemia, as measured by
pulse oximetry, is a consistent predictor of outcome in severely ill children with
infections, though not consistently associated with elevated mortality [14, 15, 27,
28]. Also, consistent across the studies in low-middle-income countries is the role
of lactate in predicting likelihood of mortality in children with severe infections
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[16, 29-32]. The recent creation of a bedside clinical risk score, FEAST PET, for
triage and identification of severely ill children in resource-limited settings shows
great promise [13]. The role of the WHO criteria in defining shock, as outlined
above, is unclear, given a relatively low incidence among studied cohorts in emer-
gency room populations [5, 33, 34], and likely bears little relevance within any ICU
context where more intensive monitoring is available.

The systematic review of definitions documented accuracy of modified defini-
tions of SIRS and international consensus criteria, which deserves further validation
in larger cohorts and vital sign changes with age [35-37]. An observational study of
children in resource-limited ICUs to develop a score for early identification of chil-
dren with nosocomial infections shows great promise [38]. Sepsis screening tools
for inpatients using chart abstraction or electronic health record data have been used
successfully in resource-rich contexts but are likely not feasible in resource-limited
settings [39, 40].

The use of clinical skills, incorporating historical findings of poor feeding and
declining mental status and physical findings of weak pulse volume, prolonged
capillary refill time, and temperature abnormalities, can identify most patients
with septic shock and can be easily taught in any context. Pulse oximetry is
becoming more available and feasible, with low-cost devices being disseminated;
given the prevalence of pneumonia, this could hold great use for further manage-
ment and research, limiting the need for expensive blood-gas analysis. Point-of-
care lactic acid determination is becoming more prevalent in all health settings
and should be further studied as a management guide for severe sepsis in resource-
limited settings. Emergency triage and treatment protocols from the World Health
Organization have been disseminated widely in low-income settings for the iden-
tification of shock.

We recommend that severely ill children with signs of infection be identified by
observing for a combination of danger signs of end-organ dysfunction, including
lactic acid levels (1C). More studies are urgently required to determine accuracy of
definitions and scoring systems for septic shock identification and mortality predic-
tion in ICUs in resource-limited settings.

10.3 Intraosseous Access as Initial Vascular
Access in Septic Children

Rapid vascular access is critical and usually a rate-limiting step in the resuscitation
of children in shock. The International Liaison Committee on Resuscitation has
recommended the placement of an intraosseous access if vascular access cannot be
achieved in a timely manner [41]. Vascular access facilitates intravascular volume
replacement as well as early antimicrobial administration, with a delay in rapid
administration of antibiotics associated with higher mortality in critically ill adults
as well as children [42, 43]. Intraosseous access is a rapid and safe alternative to
peripheral and central venous access when time is of the essence [44]. Children in
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resource-limited settings sometimes present late in shock when peripheral veins
may not be visible due to vascular collapse, thus making intravenous access chal-
lenging and time-consuming. In these settings, a rapidly placed intraosseous line
can be lifesaving.

A search of the medical literature resulted in one clinical trial from India, a case
series from Northern Iraq, and two systematic reviews. The clinical trial compared
intraosseous and intravenous access in severely dehydrated children with hypovole-
mic shock from gastroenteritis [45]. Sixty children with severe dehydration accord-
ing to WHO classification received 30 mL/kg of normal saline by either intravenous
or intraosseous routes assigned alternately, followed by identical protocols regard-
ing the reintroduction of oral fluids. The primary end point was time to placement,
with secondary end points including stabilization of vital signs, correction of dehy-
dration, and complications. There was no difference in efficacy of rehydration or
correction of laboratory abnormalities between groups. Intraosseous placement was
significantly faster (67 vs 129 s) and more reliable, with a 33% failure rate in intra-
venous placement and no failures in intraosseous placement at 5 min. There were no
short-term complications, but long-term follow-up was not included. The study was
not specific to sepsis, but it was context specific addressing intraosseous use in
shock in LMICs.

The case series documented experiences with alternate modes of vascular access
in dehydrated children at a military hospital in Iraq [46]. Intraosseous access was
effective and timely in this context.

A systematic review addressed intraosseous access as an alternative route for
rehydration in resource-limited settings by reviewing 16 articles: 1 clinical trial
(described above), 12 case reports, and 3 case series [47]. Conclusions from this
systematic review indicated that intraosseous access was easy to obtain and effec-
tive in rehydration and medication administration. A Cochrane review included the
study from India as discussed above [45, 48]. This review looked at the comparison
of routes for achieving parenteral access, with a focus on the management of patients
with Ebola virus disease. The authors concluded that quality of the evidence based
on GRADE criteria is limited because of lack of adequately powered trials [48]. All
of these studies are downgraded for indirectness to children with septic shock and
for bias.

All of the studies described above reported that the use of the intraosseous route
was safe and associated with no major adverse events. Successful use of the intraos-
seous route relies on an initial outlay of resources for the device and training for
placement. Intraosseous needles are inexpensive and can be readily available in
appropriate settings. Non-disposable needles are available and can be sterilized and
reused and hence further reduce their costs.

We suggest that in severely ill children with sepsis in resource-limited settings,
the placement of an intraosseous line can be considered for vascular access after
3-5 min of intravenous access attempts (2B). Further studies are required to docu-
ment its role in resource-limited settings, including maintaining training of
practitioners.
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10.4 Bolus Fluids or Blood to Malnourished Children
with Signs of Severe Sepsis

Undernutrition is a major contributor to childhood mortality worldwide and renders
children more vulnerable to contract infections as well as more commonly to suffer
from severe sepsis and septic shock. The risk of overhydration in malnourished
children leading to interstitial, pulmonary, and cerebral edema has resulted in rec-
ommendations of cautious fluid administration in modest amounts. Additionally,
recommendations have favored hypotonic fluid administration and limiting sodium
intake because of the concern of precipitating heart failure, under the premise that
malnourished children, especially those with pitting edema, are sodium overloaded.
The most recent guidelines from the WHO state that children with severe acute
malnutrition should receive slow infusions of intravenous fluids at 15 mL/kg/h only
in the setting of shock with one of half-strength Darrow’s, Ringer’s lactate, or half-
normal saline, with 5% dextrose added to each [49]. WHO guidelines state that
blood should be administered with similar indications for anemia due to malaria or
if there is a failure to improve after 1 h of intravenous therapy [12].

Nine observational studies [26, 50-57], one randomized controlled trial [58], and
a systematic review [59] were included in the final review. There were no random-
ized trials examining transfusion or fluids versus none in severely malnourished
children with septic shock. Observational studies were of moderate quality and
described clinical practice with transfusions and fluid administration. The one ran-
domized trial that was identified compared half-strength Darrow’s to Ringer’s lac-
tate solution in malnourished children with shock. The observational studies and the
systematic review are consistent in describing that malnourished children who do
not have signs of shock (of varying definitions) or do not have severe anemia should
not receive intravenous fluids or blood which is associated with increased mortality
in this group. This approach, however, must be tempered by the large risk of sub-
stantial selection bias in these studies. The randomized trial comparing half-strength
Darrow’s with 5% dextrose versus Ringer’s lactate was stopped due to high levels
of baseline mortality (51%) and inadequate correction of shock in all study arms,
revealing no significant harm from isotonic fluid administration, compared to hypo-
tonic fluids. A randomized trial looking at composition of an oral rehydration solu-
tion in children with severe malnourishment, severe dehydration, and cholera
documented no adverse events from 100 mL/kg of intravenous fluid over 4-6 h [56].
There are no comparative data for blood transfusion thresholds or indications for
this population.

Intravenous fluids are typically available in resource-limited settings; however,
half-strength Darrow’s is often unavailable in many regions. Blood is often unavail-
able or not readily accessible in many of these settings.

Based upon the available evidence, we suggest that children with severe acute
malnutrition without signs of impaired circulation not receive rapid intravenous flu-
ids as bolus therapy (2C). Children with severe acute malnutrition and signs of
septic shock have high levels of mortality, and we suggest that they should be given
intravenous rehydration with either half-strength Darrow’s solution with 5%
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dextrose or Ringer’s lactate solution with 5% dextrose at a rate of 15 mL/kg/h, as
per the WHO recommendations (2C). There is no evidence to support a specific
blood transfusion threshold in this population, with consensus guidelines suggest-
ing transfusion if the hemoglobin level is <4 g/dL or <6 g/dL in patients with signs
of shock.

10.5 Bolus Fluid Resuscitation with 5% Albumin or Normal
Saline, Compared to No Bolus Fluids, in Pediatric Sepsis

The major physiological abnormality in shock is hypovolemia, either due to fluid
loss as in dehydration and hemorrhage (absolute hypovolemia) or due to redistribu-
tion of fluids as seen with capillary leaks in severe sepsis and septic shock (relative
hypovolemia). This results in impaired cardiac filling, tissue perfusion, and oxygen
delivery to the vital organs. Early intravascular fluid infusion to correct hypovole-
mia should improve this physiologic state, in principle. Fluid boluses include rapid
administration of isotonic or colloid solutions; however, there is no clear consensus
on whether to use crystalloids or colloids in early fluid resuscitation. In critically ill
adults in high-income settings, outcome is largely dependent on the quantity rather
than type of fluids used in the first hour [60]. The approach that is widely endorsed
in pediatric life support training programs is to administer bolus resuscitation pref-
erably within the first 15 min of diagnosing shock [61, 62]. As per these guidelines,
rapid fluid boluses of 10-20 mL/kg should be administered, observing for improve-
ment in perfusion as well as for markers of fluid overload—the development of
rales, hepatomegaly, and increased work of breathing. Up to 60 mL/kg may be
administered in the first hour, with a 2C recommendation per the Surviving Sepsis
Campaign guidelines; however, no clear agreement exists supporting the present
practice. The WHO advocates exercising caution in aggressive fluid administration,
especially in children with shock in resource-limited conditions [12, 63].

We could identify only two randomized controlled trials that compared different
rates of fluid administration in the first hour in children presenting with impaired
circulation and were potentially relevant to these recommendations. After further
screening, one trial had to be excluded as there was no comparator arm receiving
maintenance fluid only or maintenance fluids plus a small bolus [64]. There were
two recently published systematic reviews, which have data mostly derived from the
one large randomized controlled trial [65, 66].

Only one study—the Fluid Expansion as Supportive Therapy (FEAST Trial)—
compared bolus with maintenance fluid alone [5]. We also identified articles report-
ing the subgroup analysis of the data from this trial [6, 67]. In this randomized
controlled trial performed in Uganda, Kenya, and Tanzania (n = 3141), children
with severe febrile illness and clinical evidence of impaired perfusion (one or more
of the following—capillary refill >2 s, lower limb temperature gradient, weak
pulse volume, severe tachycardia) were randomized to fluid bolus therapy or main-
tenance fluids only. Major exclusion criteria were children with malnutrition and/
or dehydration. The majority of children had malaria, and a third had a hemoglobin
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level of <5 g/dL. The 48-h mortality was 10.6%, 10.5%, and 7.3% in the albumin
bolus, saline bolus, and control groups, respectively (relative risk for saline bolus
vs. control, 1.44; 95% confidence interval [CI] 1.09 to 1.90; p = 0.01; relative risk
for albumin bolus vs. saline bolus, 1.01; 95% CI 0.78 to 1.29; p = 0.96; and relative
risk for any bolus vs. control, 1.45; 95% CI 1.13 to 1.86; p = 0.003). There was no
difference in neurologic sequelae, pulmonary edema, or increased intracranial
pressure between groups.

Interestingly, at 1 h, shock had resolved (responders) more frequently in the
bolus versus the control groups (43% vs. 32%, p < 0.001), but excess mortality with
boluses was reported in both responders (relative risk 1.98, 95% confidence interval
0.94 to 4.17, p = 0.06) and non-responders (relative risk 1.67, 95% confidence inter-
val 1.23 to 2.28, p = 0.001). Only 65 children met the WHO criteria for shock, for
which the children receiving boluses had a higher mortality than the no bolus arm
[RR:2.4;95% C10.84, 6.88]. The systematic reviews largely support these findings,
with the data for children with severely impaired circulation being less convincing
and the data being driven primarily by the large FEAST study. Definitions for shock
were variable, and determining fluid responsiveness by severity of illness was not
performed.

Patients enrolled in the FEAST trial had no access to intensive care including
respiratory support and ventilators. Saline is safe, inexpensive, and readily available
as compared to 5% albumin, which may not be affordable in resource-poor areas.
The availability of monitoring of shock with blood lactate levels, central venous
pressure, central venous oxygen saturation levels, and other invasive monitoring is
unavailable in the included studies.

Based upon the available evidence, we recommend a careful, individualized
approach to fluid administration in children with sepsis in ICUs in resource-limited
settings (1B). For those without evidence of severely impaired circulation in a
resource-limited ICU, we recommend administration of maintenance fluids only
(1B). For those with evidence of severely impaired circulation, we suggest very
careful administration of 10-20 mL/kg of crystalloids over 30 min. This may be
repeated if there are no signs of improvement and no signs of fluid overload (2C).
Further studies incorporating goal-directed resuscitation in resource-limited set-
tings are urgently required (See Sect. 10.6), as is standardization of the definitions
of shock for clinical and research purposes.

10.6 Should Sepsis Management Be Guided
by Goal-Directed Protocols of Care for Children
in Resource-Limited Settings?

The implementation of “sepsis bundles” to enable rapid diagnosis and time-sensitive
management based on protocols upon presentation has been adopted in numerous
healthcare settings [68]. Diagnosis is facilitated through rapid triage and deploy-
ment of diagnostic tests, while management is ideally guided by a protocol based on
local context and resources. Given the wide variability of available resources in



10 Pediatric Sepsis and Septic Shock Management in Resource-Limited Settings 205

low- and middle-income settings, there is a great need for contextual-based proto-
cols for sepsis management for children in these settings. However evidence for
generating these protocols is lacking because large randomized trials addressing the
role of goal-directed protocols for sepsis management have only been studied in
adults in high-income countries.

The search criteria identified a number of studies examining goal-directed sepsis
protocols in children, six of which were conducted outside of high-income regions.
There were two randomized controlled trials in low- and middle-income countries:
one from Brazil examining early goal-directed therapy in children using central
venous oxygen saturation-guided resuscitation versus usual care in children with
septic shock [69] and the other from India examining different fluid protocols with
early initiation of inotropic support [64]. There were three observational studies
with significant bias, examining central venous oxygen saturation-guided resuscita-
tion in children in India [70], a before-after study examining implementation of
Surviving Sepsis Campaign guidelines, in India [71], and a retrospective study from
Brazil examining time-to-fluid administration as it relates to clinical outcome [72].
There was also a before-after study for patient flow optimization in a Malawi hospi-
tal that included a number of children with presumed severe sepsis [73]. A world-
wide quality assurance program assessed compliance with sepsis bundles in various
pediatric settings [68]. There are four observational and retrospective studies exam-
ining sepsis protocols in children in high-income regions that were deemed relevant
[74-77]. There are three major adult randomized trials recently published examin-
ing goal-directed therapy in adults in high-income countries, with an associated
meta-analysis [78-81], one randomized study in adults in Zambia [82], and a
before-after study in adults in Uganda [83]. There are no randomized studies exam-
ining goal-directed resuscitation or protocol-based sepsis care in children in high-
income countries.

The randomized studies in adults with septic shock in high-income countries are
consistent in showing no benefit from specific early goal-directed resuscitation proto-
cols, when compared with usual care guided by current standards of care, but the evi-
dence is downgraded for indirectness to our question. The randomized adult study
performed in Zambia documented no difference in mortality in a management protocol
guided by jugular venous pressure assessment, compared with usual care. The adult
study performed in Uganda documented a 12% absolute risk reduction in mortality
with early sepsis management guided by a dedicated study officer through a before-
after design. Both are downgraded for indirectness to our population of interest.

The observational studies in children in high-income countries document
improvement in the outcomes of duration of hospitalization, survival, and time to
interventions but were downgraded for poor quality. The randomized study in Brazil
revealed significant mortality benefits with early goal-directed therapy. The trial in
India was downgraded for indirectness related to the question at hand. The observa-
tional studies document a mortality benefit for instituting a protocol for sepsis care
for children in LMICs but were downgraded for bias. The quality assurance pro-
gram documented improved survival with sepsis bundle compliance, but numbers
from resource-limited settings were small.
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Relevant resources including personnel, equipment, and supplies are less readily
available for children in resource-limited settings as compared to adults, and hence
protocols for children should be more modest in their scope and are less likely to be
followed. Intuitively, it seems reasonable that early goal-directed protocols would
be of benefit in guiding care in those who are unfamiliar in treating children with
sepsis and septic shock. However, the availability of many of the tools for currently
recommended early goal-directed protocols is poor in many LMICs [84], including
monitoring capabilities such as frequent lactate monitoring and central venous oxy-
gen saturation monitoring and management such as transfusions and inotrope
administration.

Based upon the available evidence and resources, we can make no recommenda-
tion regarding incorporating early goal-directed therapy for children with septic
shock in resource-limited settings, specifically pertaining to using central venous
oxygen saturation, lactate, or central venous pressure to guide resuscitation. Further
studies are required to determine the major differences between adults and children
with regard to goal-directed resuscitation in septic shock.

We recommend incorporation of quality assurance protocols for timely antibiotic
administration, oxygen and respiratory support, and fluid management protocols
into resource-limited settings for the management of pediatric sepsis (1D). Resource
capabilities for fluid resuscitation and monitoring should be expanded to allow for
further study and implementation of resuscitation research in critically ill children
admitted to resource-limited ICUs.

10.7 Is Transfusion Recommended for Children
with Anemia and Sepsis Due to Severe Malaria
in Resource-Limited Settings?

Severe anemia is a major contributor to child mortality worldwide. Administration
of blood to children with severe anemia, malaria, and signs of severe illness such as
respiratory distress or shock is essential. The balance of benefits and risks of blood
transfusions is particularly important in settings where blood supply is limited.
Given the risks associated with transfusion, transfusion practices must be evidence-
based and associated with benefit in any setting. The current WHO recommenda-
tions suggest limiting transfusions to those with hemoglobin levels less than 4 g/dL
or less than 6 g/dL with signs of severe disease [63]. However, clinical evidence for
these thresholds is lacking.

The systematic search resulted in two randomized controlled trials from sub-
Saharan Africa, one meta-analysis of the published randomized controlled trials, a
subgroup analysis of another randomized controlled trial, and a number of observa-
tional and retrospective publications that directly or indirectly address the
question.

The two randomized trials [85, 86] and the meta-analysis [87] report that there is
insufficient evidence to routinely recommend giving blood to children with severe
anemia due to malaria. The subgroup analysis of a large fluid resuscitation trial in
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children with signs of sepsis in sub-Saharan Africa documented a large burden of
anemia and a significant delay in blood transfusions leading to an increased risk of
associated mortality [88]. Nine observational or retrospective studies [S0-52, 89—
94] suggest a benefit to transfusing children with severe malaria and anemia, espe-
cially if accompanied by signs of severe sepsis such as shock and/or respiratory
distress. A randomized trial of 20 mL/kg versus 30 mL/kg of blood transfused in
children with severe anemia, including malaria, showed higher rates of anemia cor-
rection in the larger blood volume group [95].

We have the opinion that blood transfusions should be made more readily avail-
able for those in need. Observational and other data suggest that mortality is high in
patients who meet the current WHO recommendations for receiving blood during
the waiting period after recognition of the need for blood transfusion [88]. Ensuring
safe and rapidly accessible blood supplies is an area of active investigation, as well
as optimizing initial transfusion strategies in critically ill children in low-resource
settings.

Based upon the available evidence, we recommend transfusing children with
severe anemia and malaria only if there are signs of severity such as respiratory
distress or shock (1C). We recommend that children with severe anemia (hemoglo-
bin levels <4 g/dL) be transfused (1D). There is no evidence to support a specific
transfusion threshold for children with severe anemia and sepsis in ICUs in resource-
limited settings. Further evidence is needed to make a recommendation for children
with severe anemia and malaria (hemoglobin levels <4—6 g/dL) without respiratory
distress or shock.

10.8 Noninvasive Ventilation for Children
with Acute Respiratory Distress from Sepsis
in Resource-Limited Settings

Pneumonia is the leading cause of death in the under-five age group in resource-
limited settings [96]. Reed and colleagues demonstrated that in children hospital-
ized with pneumonia, hypoxia and malnutrition were the strongest predictors of
mortality [97]. The management of hypoxia continues to be a major challenge for
clinicians in developing countries [98]. While about 10-20% of sick children will
be referred to a hospital, the delay in recognition, late presentation, lack of resources,
and illness severity make the first 24 h of hospitalization the most vulnerable period,
with a third of patient deaths occurring during this time [73]. Improving oxygen
therapy has been shown to reduce mortality from severe pneumonia in resource-
limited settings [99]. However, observational studies from these settings have dem-
onstrated that despite the provision of oxygen, antibiotics, and supportive care, case
fatality rates for severe pneumonia and hypoxemia remain unacceptably high
(5-15%) [100-108].

While mechanical ventilation may be of benefit in decreasing mortality, it is an
expensive and complex respiratory support method that requires a high level of
technical skill and maintenance for optimal benefit. Many countries do not have the
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funds, infrastructure, or expertise to provide such technology to all patients [109].
Therefore, noninvasive respiratory support technologies could be lifesaving in
resource-limited settings.

Two randomized controlled trials were identified in children looking at the use of
continuous positive airway pressure (CPAP) in children in resource-limited settings
[110, 111]. There were three observational studies [112—-114] and a systematic
review primarily looking at neonates [109].

A randomized controlled trial in Bangladesh examined the role of bubble CPAP
for children with severe pneumonia and hypoxemia. This open-label trial enrolled
children under 5 years with severe pneumonia and hypoxemia to receive oxygen
therapy by either bubble CPAP (5 L/min starting at a CPAP level of 5 cm H,0), stan-
dard low-flow nasal cannula (2 L/min), or high-flow nasal cannula (2 L/kg per min
up to the maximum of 12 L/min). The trial was stopped early for higher mortality in
the low-flow oxygen group. For the composite primary outcome of treatment failure,
the study concluded that bubble CPAP improved outcomes when compared with the
low-flow group (RR 0.27, 99.7% CI1 0.07-0.99: p = 0.026). There was no statistically
significant difference between the bubble CPAP and high-flow nasal cannula group
for the primary outcome (RR 0.50, 99.7% CI 0.11-2.29, p = 0.175). A randomized
controlled trial in Ghana compared early CPAP for children with respiratory distress
to delayed CPAP, documenting an improvement in the primary outcome of improved
respiratory rate [111]. Two observational study in Malawi reported both improved
respiratory physiology with the use of bubble CPAP in children up to age 14 years
and a 70% survival in all children treated with bubble CPAP, with a strong ease of use
reported [112, 114]. An observational study in India reported a decreased rate of need
for intubation, compared with children started on nasal prong oxygen [113].

The systematic review study examining the efficacy and safety of bubble CPAP
primarily in premature infants in LMICs included 19 studies. The three randomized
controlled trials revealed a reduced need of mechanical ventilation of 30-50% for
bubble CPAP compared with oxygen therapy, which was downgraded for indirect-
ness to population.

Bubble CPAP is a relatively low-cost device, especially when compared with
invasive mechanical ventilation. Its availability is increasing, with novel devices and
strategies in place in various regions of the world. Training and device management
are minimal for its dissemination, with minimal ICU staffing present in the docu-
mented studies. No significant safety issues from bubble CPAP are documented.
Upper limits for age of bubble CPAP are unclear, with the previously mentioned
study from Malawi documenting decreasing mask tolerance as age increases.
Ventilator CPAP is available in certain ICUs in resource-limited settings and can be
used as an alternative, where available. High-flow nasal cannulas are an increas-
ingly used option in resource-rich settings, with limited studies in resource-limited
settings currently available. The oxygen requirement for high-flow nasal cannula is
often greater than with bubble CPAP, which may be a limitation in some settings.
The recent ETAT guidelines review the full evidence for high-flow nasal cannula in
resource-limited settings [12].
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Based on the available evidence, we recommend that children with severe respi-
ratory distress and hypoxemia from sepsis related to pneumonia benefit from bubble
CPAP in resource-limited settings (1B). Further research needs to clarify upper age
limits for effectiveness of bubble CPAP and the role of humidified high-flow nasal
cannula.

10.9 Should Low Tidal Volume Ventilation Be Recommended
for Children with Acute Lung Injury from Sepsis
in Resource-Limited ICUs?

The data for the use of low tidal volumes (4-6 mL/kg) in children with acute lung
injury have been extrapolated from adult data and adapted to children in resource-
rich settings. There are no randomized controlled trials in children to date compar-
ing low tidal volumes (4-6 mL/kg) to high tidal volumes (12 mL/kg). The Pediatric
Acute Lung Injury Mechanical Ventilation (PALIVE) study demonstrated that chil-
dren were generally ventilated with a mean tidal volume of 8 mL/kg in resource-
rich settings [115]. Current guidelines in resource-rich settings recommend using
tidal volumes of 5-8 mL/kg for any mechanically ventilated pediatric patient and
using patient-specific tidal volumes according to disease severity [116]. The defini-
tions of acute lung injury and the pediatric acute respiratory distress syndrome have
recently incorporated pulse oximetry for contexts where blood-gas analysis is
unavailable.

There was one observational study from a resource-limited setting, comparing
historical controls in an era of high tidal volume to a group ventilated with low tidal
volumes [117]. We identified a systematic review and meta-analysis that examined
observational studies in children [118].

The meta-analysis demonstrated no association between tidal volume and mor-
tality in ventilated children, with significant heterogeneity in the pooled analysis.
This review included the one observational study from a resource-limited setting
that demonstrated a mortality benefit to low tidal volume strategy [117]. This review
is downgraded for quality and indirectness.

The availability of mechanical ventilation is limited in many resource-limited
ICUs. Low tidal volume ventilation, where available, is likely to be safe, as docu-
mented in the adult studies. The diagnosis of the acute respiratory distress syndrome
is often difficult in resource-limited settings, and specific criteria should be devel-
oped and implemented where the appropriate diagnostics are unavailable, including
pulse oximetry [119]. Monitoring ventilated patients with blood-gas analysis to fol-
low permissive hypercapnia is a challenge in resource-limited settings without
access to blood-gas analyzers.

We recommend using a tidal volume of 5-8 mL/kg in all mechanically ventilated
children with sepsis-induced acute lung injury in resource-limited settings (1D).
Further research to better define and manage the acute respiratory distress syndrome
in children in ICUs in resource-limited settings is urgently needed.
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