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Abstract

Management of shock in children with severe malnutrition remains controversial. To date, the
evidence supporting either benefit or harm of fluid resuscitation or rehydration is weak. This issue,
however, is not unique to children with severe malnutrition; pediatric guidelines worldwide have a
weak level of evidence and remain unsupported by appropriate clinical studies. In this review we
give an overview of the current recommendations in other pediatric populations and appraise the
strength of evidence supporting these. We summarize results from the only controlled trial ever
undertaken, FEAST (Fluid Expansion As Supportive Therapy), which was conducted in resource-
poor hospitals involving 3,141 African children with severe febrile illnesses and shock, including
large subgroups with sepsis and malaria but excluding children with severe malnutrition. This
high-quality trial provided robust evidence that fluid resuscitation increased the risk of death,
leading to an excess mortality of 3 in every 100 children receiving fluid boluses, compared with
controls receiving no boluses. These findings may have particular relevance to management of
septic shock in children with severe malnutrition. However, they cannot be extrapolated to children
with gastroenteritis, since this condition was not included in the trial. Current observational studies
under way in East Africa may provide insights into myocardial and hemodynamic function in
severe malnutrition, including responses to fluid challenge in those complicated by gastroenteritis.
Such studies are an essential step for setting the research agenda regarding fluid management of
shock in severe malnutrition.
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Introduction

The mortality rates of severely malnourished pediatric patients admitted to hospitals in sub-
Saharan Africa remain unacceptably high, despite implementation of standardized treatment
protocols developed by the World Health Organization (WHQO) [1-4]. Furthermore, an
increasingly higher number of children are now being classified as severely malnourished
following the 2006 WHO revisions to the weight and height growth standard and mid-upper-
arm circumference (MUAC) references [5].

An evaluation of a district hospital in South Africa and a mission hospital in Ghana to
investigate the problems, benefits, feasibility, and sustainability of implementation of WHO
guidelines on the management of severe malnutrition concluded that implementation of the
main principles was feasible, affordable, and sustainable, but that the guidelines could be
improved by adaptation to local situations and targeting components that impact mortality
[6]. A further study conducted in 2004 in South African rural hospitals examining
implementation of the WHO guidelines and their effect on outcome in severe malnutrition
came to similar conclusions [1]. These findings are important, as they contrast with previous
published reports attributing high mortality among severely malnourished children to factors
such as insufficient training of staff and poor compliance with recommended protocol,
among others [4, 7, 8]. A mortality rate of over 20% in severely malnourished children is
regarded as unacceptable by WHO; however, a good number of countries in sub-Saharan
Africa continue to record much higher case fatality rates than this [4, 9, 10]. A prospective
study examining prognostic features for poor outcome in 920 Kenyan children with severe
malnutrition [4] demonstrated that sepsis, severe dehydration (secondary to diarrhea), and
hypovolemic shock were common complications, and that triage features associated with
high early mortality included signs of shock and severe dehydration (fig. 1).

The management of shock in children with severe malnutrition remains very controversial
[11]. Current WHO guidelines for the treatment of children with severe malnutrition reserve
intravenous fluids for those with decompensated (hypotensive) shock, largely advocating
hypo-osmotic solutions and severely limiting fluid volumes due to concerns about the risk of
precipitating heart failure in children with severe malnutrition [12]. Furthermore, for both
nonmalnourished or severely malnourished children the guidelines do not distinguish the
treatment of hypovolemic shock that is secondary to dehydrating diarrhea or septic shock.
Alterations in volume and composition of body fluid compartments [13] in severe infantile
malnutrition had been reported in 1960, with a risk of hyponatremia and cerebral anoxia
from circulatory shock in diarrheal disease [14]. Current guidelines indicate diarrhea to be a
benign, self-limiting complication [15] and recommend oral rehydration using low-sodium
rehydration solutions. Since sepsis, severe diarrhea, and hypovolemia are important
independent determinants of outcome in African children with severe malnutrition, this may
strengthen the case for investigating the role of more aggressive fluid resuscitation [16].
Before addressing this issue, we briefly review current guidelines and the strength of
evidence for fluid resuscitation in nonmalnourished children treated in both resourcerich and
resource-poor settings.

Food Nutr Bull. Author manuscript; available in PMC 2019 November 28.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Obonyo and Maitland

Page 3

Management of shock

Standard care for the rest of the world

Guidelines from the American College of Critical Care Medicine recommend rapid and
early administration of fluid boluses of up to 60ml/kg of isotonic solution or colloids, given
over 15 minutes, to correct hemodynamic abnormalities in patients with shock, followed by
inotrope therapy, ventilation, and intensive care hemodynamic support for those in whom
signs of shock fail to correct [17]. A closer look at the literature, however, reveals a paucity
of evidence for the pediatric fluid resuscitation guidelines currently in use. The research
informing these guidelines is largely based on two retrospective cohort studies [18, 19]. The
first study, reported in 1991, was a 7-year retrospective review of patients admitted to an
intensive care unit at a tertiary referral hospital in Pittsburgh who were ventilated and largely
inotrope-dependent, examining whether the volume of fluid boluses received in the initial
treatment influenced endpoints on the intensive care unit, such as episodes of hypotension,
further volume replacement, and mortality. It included 34 children with septic shock and
concluded that compared with the two groups receiving either less than 20 mL/kg (7= 11) or
between 20 and 40 mL/kg (n = 14), the group receiving more than 40 mL/kg in the first hour
(n=29) had improved survival and decreased recurrence of hypovolemia, without a
significant increase in cardiogenic pulmonary edema or adult respiratory distress syndrome
[18]. A second study by the same group using a similar design [19] was based on 91
children admitted to the tertiary center intensive care unit over 9 years with septic shock
(defined as febrile illness plus any of the following: decreased or altered mental status,
capillary refilling time > 2 seconds, diminished pulse, or mottled cool extremities). They
found that children (n7=34) in whom shock was reversed after they had received 60 mL/kg
of fluid over 15 minutes had a survival rate of 96% and a ninefold increase in the odds of
survival compared with those who did not receive this volume of fluid [19]. This
recommendation for initial treatment has now become the standard recommendation for
most pediatric emergency guidelines internationally. A GRADE evidence review (Delphi
Surviving Sepsis Campaign 2008 International Guidelines) concluded that the pediatric
guideline was a weak recommendation based on a low level of evidence (level 2C) [20].

Recommendations in resource-poor settings

The WHO handbook and guidelines for Emergency Triage and Treatment (ETAT), which
give guidelines for management in hospitals with limited resources [12, 21, 22], also
recommend rapid and early administration of fluid boluses in well-nourished children,
despite challenges in hemodynamic monitoring and availability of intensive care support.
Rapid fluid resuscitation, given as a 20 mL/kg bolus of isotonic crystalloid as fast as
possible, is recommended for any child without severe malnutrition who fulfills the WHO
definition of shock (capillary refill time of more than 3 seconds, plus a weak and fast pulse
and cool peripheries) [12, 21, 22]. The bolus should be repeated twice more if shock fails to
correct: i.e., for a total of 60 mL/kg. A GRADE review of the evidence conducted in 2011
considered choice of fluid for resuscitation, but not speed or volume [23]. The current
recommendations were considered as a Strong recommendation based on low-quality
evidence [23]. The evidence reviewed did not include the results of the only large controlled
trial of bolus resuscitation—Fluid Expansion As Supportive Treatment (FEAST)—nor a
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subsequent systematic review addressing this question. For children with severe
malnutrition, intravenous fluid resuscitation is only recommended in those with advanced
shock, which is defined as impaired consciousness plus the WHO shock definition. The
recommendation is to give, over 1 hour, 15 mL/kg of Ringer’s lactate with 5% dextrose, or
half-strength Darrow’s solution with 5% dextrose, or 0.45% saline with 5% dextrose, or
plain Ringer’s lactate if the preceding solutions are unavailable, and to repeat administration
of 15 mL/kg over the next hour for those whose shock improves, but to give whole blood to
children whose shock does not improve and are presumed to have septic shock [12, 21].

Physiology of fluid resuscitation in nonmalnourished children: pilot studies and clinical

trials

Over the decade prior to FEAST, the group in Kilifi conducted clinical research in children
with severe malaria and severe malnutrition. In severe Plasmodium falciparum malaria,
metabolic acidosis had emerged as a central feature of severe malaria, and it is the best
independent predictor of a fatal outcome. A series of small prospective clinical studies of
children with severe malaria demonstrated that alterations of hemodynamic status [24] and
cardiac function [25] are similar to those seen in sepsis (hypovolemic shock) and, with the
use of full hemodynamic monitoring, that children with acidosis at hospital admission have a
low central venous pressure (fig. 2), tachycardia, and a prolonged capillary refill time [24].
Rapid volume expansion with 20 to 40 mL/kg of either saline or human albumin solution
given intravenously in the first hour after admission safely corrected the hemodynamic
features of volume depletion (tachycardia, tachypnea, and delayed capillary refill time).
Further trials examining the optimum fluid for resuscitation compared albumin and saline
[24], albumin and gelofusine [26], and 6% Dextran 70 and 6% hydroxyethyl starch [27]. The
best outcomes were in the group treated with albumin. No controlled trials were conducted,
however, comparing boluses of fluid with maintenance fluids only. A systematic review
suggested that albumin appeared to show benefit over other solutions, but that a larger trial
was needed to definitively establish this [28].

Fluid resuscitation trials: Malnourished children

A phase 1l randomized, controlled, safety and efficacy trial of fluid management in
malnutrition in Kenya was stopped early before completion [29]. The trial, which compared
use of half-strength Darrow’s solution with 5% dextrose (HSD/5%D) with Ringer’s lactate
in resuscitation of severely malnourished children with shock, had recruited 20 children with
suspected septic shock and 41 children with hypovolemic shock secondary to diarrhea, with
an overall 69% of the patients having decompensated hypotensive shock. The trial had high
mortality and poor outcomes in both treatment arms, with persistence of oliguria at 8 and 24
hours. Most deaths occurred within 48 hours after hospital admission, without any evidence
of fluid overload. Despite evidence of mild improvement in shock and slightly better
outcomes with the isotonic Ringer’s lactate compared with the hypotonic HSD/5%D, the
evidence was inconclusive, and the investigators recommended a reevaluation of guidelines
for treatment of shock in severely malnourished children [29].

In a GRADE review of the effectiveness and safety of intravenous fluids for resuscitation in
children with severe malnutrition, clinical trials, observational studies, and case—control

Food Nutr Bull. Author manuscript; available in PMC 2019 November 28.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Obonyo and Maitland

Page 5

studies were included. Four studies met the inclusion criteria [29-32], of which three were
before-and-after observational studies and one was a clinical trial [29]. No systematic review
was available. Two observational studies compared mortality after the introduction of
standardized management with mortality among historical controls when management was
not standardized [30, 32]. The two studies involved introduction of a bundle of management,
which included restricted use of intravenous fluids. In the Bangladesh study of severely
malnourished children with diarrhea, a total of 30 to 40 mL/kg of Ringer’s lactate with 5%
dextrose (or normal saline) was given over 2 hours to children aged less than 2 months, and
50% diluted solution with 5% dextrose (supplemented to 20 mmol/L potassium) was given
to children aged 2 months or more [30]. The authors reported 17% mortality before and 9%
after implementation of the standardized management. In Ugandan children receiving the
recommended intravenous infusion and transfusion during the intervention period, either
Ringer’s lactate or half-strength Darrow’s solution with 5% dextrose administered as 15
mL/kg over 1 hour was used [32]. The overall case fatality was 23.6% before full
implementation and 24.8% following adoption of these recommendations. Two major
weaknesses of both of these reports are that the introduction of standardized management
included aspects of the bundle, and it was unclear what numbers of children received various
fluids.

One further observational study investigated the safety of intravenous infusion of up to 100
mL/kg of isotonic fluid (cholera saline) within 6 hours in malnourished Bangladeshi
children with severe dehydration secondary to cholera [31]. Children studied under this
observational-cohort aspect of the study were enrolled in a randomized trial of three oral
rehydration solution formulations; there was no comparison group, historical or otherwise.
No deaths occurred in the study, and pulmonary edema or other signs of fluid overload were
not apparent.

The fourth study included in the GRADE review was a randomized clinical trial (reported in
full above) [29]. The study was not blinded but had adequate sequence generation and
allocation and was prematurely terminated. Termination before obtaining the preset sample
size was due to concerns about high mortality in the study and inadequate resolution of
shock in both treatment arms, determined by the high prevalence of oliguria. The
conclusions of the GRADE review were that in children with severe malnutrition and shock
or severe dehydration:

» There is insufficient evidence to support slow fluid resuscitation using low fluid
volumes;
» There is no evidence indicating increased harm of rapid fluid expansion using

isotonic solutions;

» On the basis of current evidence, there is need for a definitive trial with mortality
as an endpoint comparing rapid fluid expansion using isotonic solution to the
rates and fluids recommended by WHO.

Food Nutr Bull. Author manuscript; available in PMC 2019 November 28.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Obonyo and Maitland Page 6

FEAST: Randomized, controlled trial of fluid resuscitation in nonmalnourished children

The only randomized, controlled trial of fluid resuscitation that has even been undertaken
was the FEAST trial [33]. FEAST compared bolus fluid resuscitation with no bolus in wel/-
nourished children over 2 months of age. It was conducted in six African hospitals without
intensive care facilities in Kenya, Tanzania, and Uganda, in children with shock and severe
febrile illness (including major subgroups of sepsis, malaria, and anemia). Children with
gastroenteritis, severe malnutrition, burns, or surgical conditions were excluded from the
trial. All children received standard treatments according to their illness, including standard
of care maintenance fluids (mainly 5% dextrose/one-fifth saline) at 2.5 to 4 mL/kg/h until
they were able to drink and, where indicated, antibiotics, antimalarials, oxygen, and
transfusions. FEAST enrolled 3,141 African children who were randomly assigned to
receive albumin or normal saline boluses (20-40 mL/kg over 1-2 hours) or no bolus (control
group). FEAST was a pragmatic trial including children with malaria (57%), and most of the
remaining 43% had presumptive sepsis; 32% had severe anemia, 30% had severe acidosis
(lactate > 5 mmol/L), 12% had culture-proven bacteremia, and only 4% were HIV positive.
The treatment arms were well matched for clinical severity and malaria status at baseline.

The 48-hour mortality (the primary outcome) was higher in the children receiving the
albumin bolus (10.6%) or the saline bolus (10.5%) than in controls receiving no bolus
(7.3%) (table 1). The relative risk (RR) for any bolus versus control was 1.45 (95% CI, 1.13
to 1.86; p=.003) (table 2). Similarly, the 4-week mortality and neurological sequelae rates
(secondary outcomes) were 12.2%, 12.0%, and 8.7%, respectively (p=.004), and 2.2%,
1.9%, and 2.0% (p=.92). The anticipated adverse effects of fluid boluses (pulmonary
edema or raised intracranial pressure) were reported in only 2.6% (albumin), 2.2% (saline),
and 1.7% (control) and were not significant for the bolus versus control comparisons (p=.
17) [33]. Of note, the WHO/ETAT shock criteria identified only 65 children (2%); however,
the adverse effect of fluid boluses was greatest in this subgroup. Mortality in the bolus arms
with WHO/ETAT shock criteria was 48%, compared with 20% in the no bolus arm,
representing a difference in absolute risk (AR) of 28 percentage points (95% Cl, 3.4 to
52.4). Objective measures, such as moderate hypotension, were also associated with
increased mortality in the bolus groups (AR difference, 9.4 percentage points; 95% ClI, -2.6
to 21.4) [34].

Meta-analysis of all fluid resuscitation trials

A systematic review formally assessing the evidence base for fluid resuscitation for the
treatment of children with shock due to sepsis or severe infection was published
subsequently [35]. Included were randomized trials, quasi-randomized trials, and controlled
before—after studies assessing children with septic shock in which at least one group was
treated with bolus fluids. The primary outcome was mortality at 48 hours. Thirteen studies
met the inclusion criteria (4 general shock, 4 malaria, 4 dengue, and 1 severe malnutrition).
The main result was largely driven by the FEAST trial, indicating that administration of no
bolus resulted in a significantly better mortality outcome at 48 hours for children with
general septic shock (RR, 0.69; 95% CI, 0.54 to 0.89), and children with malaria (RR, 0.64;
95% ClI, 0.46 to 0.91) when compared with administration of any bolus [33]. There are no
studies comparing outcomes between those receiving and not receiving bolus fluids among
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children with dengue fever or severe malnutrition. Colloid and crystalloid boluses were
found to have similar effects on mortality across all subgroups (general septic shock,
malaria, dengue fever, and severe malnutrition) [35].

The authors concluded that further research, which should extend to children with other
common pediatric conditions who were not included in the FEAST trial, is needed to define
simple algorithms to support health providers in the triage of patients to determine who
could potentially be harmed by the provision of bolus fluids.

Lessons learned from FEAST relevant to malnutrition

Further analysis of the FEAST trial data investigating modes of death indicated that contrary
to expectation, circulatory failure, rather than fluid overload, appeared to be the greatest
contributor to excess deaths with rapid bolus fluid resuscitation [36]. The new findings
indicating that rapid and aggressive volume expansion leads to excess cardiovascular events
should prompt a reevaluation of the rate, composition, and volume of resuscitation fluids in
children with other common pediatric conditions presenting to hospitals in Africa, who were
not included in the trial, i.e., both well-nourished and malnourished children with
gastroenteritis. For children with severe malnutrition complicated by presumptive septic
shock, where fluid resuscitation remains controversial, it is the authors’ view that the
FEAST trial provides overwhelming data to indicate harm in well-nourished children, and it
is likely that this harm will extend to children with severe malnutrition; therefore, fluid
management should remain conservative.

Severe dehydration due to gastroenteritis

The current WHO recommendation for wel/-nourished children is to give 100 mL of
intravenous fluid per kilogram body weight in two divided portions [12, 21, 22]. The first
portion of the intravenous fluid, preferably isotonic Ringer’s lactate (30 mL/kg), is to be
given very rapidly, and the remaining 70 mL/kg to complete rehydration is given more
slowly over 2.5 to 5 hours, depending on the child’s age. For children who also present with
signs of hypovolemic shock, the recommendation for initial management is for fluid boluses
of 20 mL/kg, repeated, if shock persists, twice, over 1 hour and to be followed by
rehydration recommendations as above; i.e., there is no recommendation to subtract the
initial fluid volume given as boluses from the rehydration volume, and thus children may
receive up to 160 mL/kg of fluid over 2.5 to 5 hours, equivalent to twice their intravascular
volume. From what was learned in the FEAST trial, this volume and speed of correction
may have deleterious effects. Whereas the aggressive regimen, although never tested in a
clinical trial, may be appropriate for cholera—the only infective cause of secretory diarrhea
(leading to excess fluid and electrolyte loss)—this regimen may be less applicable to all
other causes of gastroenteritis, which do not involve this mechanism specific to cholera.

For children with severe malnutrition, current recommendations are to rehydrate orally with
lowsodium rehydration solution (such as ReSoMal) [37] and to reserve intravenous fluid
resuscitation for those with advanced shock (see “Fluid resuscitation trials: Malnourished
children” above). This recommendation, however, has been challenged due to the poor level
of evidence to support benefit or harm of a more liberal use of intravenous fluids and the
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high mortality of children who are admitted with severe malnutrition complicated by
diarrhea. On the coast of Kenya, where dysentery and cholera are very rare, diarrhea is a
complication in 65% of cases of severe acute malnutrition (SAM) in children, with a high
mortality (20%) [38]. Gram-negative bacteremia is commonly associated with diarrhea and
is the major independent risk factor for death, irrespective of HIV or anthropometric status.
Further research is needed to address the safety of a more liberal but cautious intravenous
fluid replacement.

Effects of malnutrition on the heart

Because death often occurs suddenly and unexpectedly in severe malnutrition, especially
during early realimentation, myocardial dysfunction in the form of either cardiac arrhythmia
or heart failure is thought to be the leading cause [39-41]. Reflecting this, international
guidelines for children with either edematous malnutrition (kwashiorkor) or nonedematous
malnutrition (marasmus) consistently discourage the use of intravenous fluids except in the
presence of definitive signs of severe dehydration or decompensated hypotensive shock [42,
43].

Several studies have shown that cardiac structure is modified in severe malnutrition, with
reduction in left ventricular mass [44, 45], but that these changes generally occur in
proportion to the reduced body size [46, 47]. For example, Ocal and colleagues reported a
decrease in cardiac output and left ventricular muscle mass proportional to body size in
patients with protein—energy malnutrition, but left ventricular systolic and diastolic functions
were preserved even in atrophic hearts [46]. Echocardiographic studies examining cardiac
function of children affected by severe malnutrition provide conflicting results and have
often only investigated children with kwashiorkor [44, 47, 48]. Most functional studies
involve small numbers of patients, with poorly documented contemporaneous data on
clinical and hemodynamic status. Therefore it remains unclear whether the observed
abnormalities in cardiac function are primary phenomena of malnutrition per se, or are
secondary to other abnormalities commonly complicating comorbidities that are common in
severe malnutrition, such as sepsis, hypovolemia, acidosis, anemia, and HIV infection.

Observational studies are currently ongoing on the physiologic assessment of cardiac
function in severely malnourished Kenyan children, and on myocardial and hemodynamic
response to fluid resuscitation for shock due to gastroenteritis in severely malnourished
Kenyan and Ugandan children. The results of these observational studies are expected to
provide insights into patient responses to fluid resuscitation in accordance with current
guidelines, and further set the stage for directing the research agenda on fluid management
of shock in severe malnutrition.
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»

»

»

»

»

High risk (case fatality 34%)
One or more of:

Depressed conscious state prostration or coma
Bradycardia (heart rate < 80/min)

Evidence of shock (capillary refill time > 2 s or weak
pulse volume)

Hypoglycemia < 3 mmol/L

Intermediate risk (case fatality 23%)
One or more of:

Deep “acidotic” breathing

Signs of severe dehydration (plus diarrhea > 3 watery
motions/24 h)

Lethargy

Hyponatremia (sodium < 125 mmol/L)
Hypokalemia (potassium < 2.5 mmol/L)

Low risk (case fatality 7%)
» None of the above

Fig.1.
Suggested triage features for identifying high- and intermediate risk groups of children with
severe malnutrition at hospital admission
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Fig. 2.
Central venous pressure (CVP) in children with severe malaria following 20- to 40-mL/kg
boluses of saline or albumin given postadmission (0 hours). Values shown are mean + 2 SE.
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Table 1

48-hour mortality in the FEAST trial

Treatment group

Albumin  Saline No

Children bolus bolus bolus Total
No. randomized 1,050 1,047 1,044 3,141
No. died 111 110 76 297
% died 10.6 10.5 7.3 9.5
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Pairwise comparisons of 48-hour mortality (primary outcome) in the FEAST trial

Table 2

Comparison group

% died in 1st group % died in 2nd group  Risk ratio (95% CI)

p

Saline bolus vs no bolus 10.5 7.3 1.44 (1.09-1.90)
Albumin bolus vs no bolus 10.6 7.3 1.45(1.10-1.91)
Bolus vs no bolus 10.5 7.3 1.45 (1.13-1.86)

.008
.003
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