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The implementation of reliable criteria for identifying
malnutrition is of paramount importance for asses-
sing the size of the problem and implementing proper
management measures. The 2006 revisions to the
weight and height growth standard references and
mid upper arm circumference defining severe mal-
nutrition criteria in children (from a cut of <11 cm
to <11.5cm)' resulted in an increase of cases
identified as severely malnourished and thus eligible
for integrated management for severe malnutrition
recommended by the World Health Organization.?
Even more imperative now is the question, raised by
several observers in the past with respect to generic
guidelines, does one size fit all?

An inherent challenge of developing guidelines for
wide-ranging settings are the relevance and suitability
of certain management components to the diverse
circumstances and underlying co-morbidities under-
pinning the development of severe malnutrition.
Whilst faulty case management is often attributed
to high case fatality rates, the evidence for this is poor
and other workers have suggested that outcome is
largely dependent upon other antecedent factors
including the frequency of additional life threatening
complications.®’

Although severe malnutrition continues to be a
leading cause of childhood morbidity and mortality
worldwide, the importance of generating robust and
practical prognostic clinical and bedside markers to
identify those at greatest risk has been relatively
neglected. The paucity of prospective studies of un-
selected cohorts of children with severe malnutrition
has resulted in a piecemeal accumulation of prog-
nostic data; and matched by even fewer interven-
tional research studies designed to inform future
management guidelines.
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For example, the WHO-recommended ‘danger
signs’ (lethargy, hypothermia, or hypoglycaemia)
aimed at identifying those at high risk have been
shown to not work in practice.” A prospective study
including 15,191 observations of core temperature for
example, recorded hypothermia (<36°C) on only 12
occasions (0.08%). Even when all three signs are taken
together, they have a poor specificity and sensitivity of
predicting early mortality (likelihood ratio 3.4% (95%
confidence interval [CI] 2.2-5.1)).® Instead, comorbid-
ities such as HIV and tuberculosis® as well as the
complications of sepsis, shock, diarrhoea and severe
electrolyte derangement define high-risk groups (case
fatalities 23-34%)° requiring further research to
improve the evidence-base for management.

Other than cases with cholera and dysentery,
diarrhoea has been considered as a minor complica-
tion of malnutrition of little prognostic or therapeutic
consequence. However, a recent prospective study of
1,206 unselected paediatric admissions with severe
malnutrition in Kilifi, Kenya, demonstrated that 49%
had diarrhoea (=3 loose stools/day) at admission and
a further 16 % developed diarrhoea after admission. In
both these groups case fatality was substantially
greater (21% and 18% respectively) compared to those
without any diarrhoea during admission (12%).” Risk
factors associated with poor outcome included bacter-
aemia and hyponatraemia (adjusted OR 6.1 (95% CI
2.3-16.3) P=0.001 and 4.6 (95% CI 2.0-10.6) P<
0.001 respectively).” That, 1) bacteraemia (largely
enteric gram-negative organisms) complicates 12%
of all cases of severe malnutrition(5) and 2) key
parameters affecting clearance of enteral ciprofloxacin
(oral clearance) were low sodium concentration and
the high-risk category (shock, dehydration and diar-
rhoea),'” implicates gut barrier dysfunction as an
important factor in the pathogenesis of many cases of
severe and complicated malnutrition.

Alterations in gut permeability and lactose intoler-
ance in malnutrition have been previously reported'’
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including children in several African countries'?'* -
and are likely to be more common than previously
appreciated. Disruption of normal intestinal flora is
known to cause impaired mucosal immunity and
disrupted barrier function. This has a significant
impact on tolerance to re-feeding as well as risk of
subsequent sepsis, inflammation and organ dysfunc-
tion in severe malnutrition. Translocation of both
endotoxin and viable enteric bacteria from the gut has
been demonstrated in a variety of animal models, as
well as in human illnesses associated with splanchnic
hypoperfusion (including sepsis and critical illness).
Translocated endotoxin'®> contributes to systemic
inflammatory activation and organ dysfunction in
children with malnutrition, further underlining the
importance of restoring gut mucosal integrity at an
early stage in the management of malnourished
patients. This has substantial implications for syndro-
mic management and likely to require a targeted care
bundle once pathophysiology is better understood.

One key element of management requiring further
research, and the subject of substantial and continuing
controversy, are the treatment recommendations for
rehydration and shock in the WHO malnutri-
tion management guidelines, which include significant
departures from the recommendations for non-mal-
nourished children. They were based upon the firmly
held view that severe malnutrition represents a state of
‘reductive adaptation’, in which sodium and water
retention, expanded extracellular compartment, myo-
cardial atrophy and a ‘hypocirculatory state’, are
central to the pathophysiology, which could precipi-
tate heart failure if intravenous fluids were given.'®'®
Supportive evidence for these conclusions and current
recommendations include descriptive studies, not
originally designed to answer the specific question of
fluid resuscitation, reporting reduced mortalities fol-
lowing adoption of the fluid management guidelines
but fail to account for the inherent biases of co-
introduction of the whole package of care or other
confounders.'”?! Evidence for myocardial atrophy
derived from radiographic studies showing reduced
cardiothoracic ratios on x-rays,”*?* echocardiography
studies®*?* and autopsies*® — but have been countered
by others suggesting that myocardial size was appro-
priate for overall body mass.!”?”-*® Kerpel-Fronuis
disagreed with the argument for expanded extracel-
lular space (ECF) who suggested this was spurious and
only relative to intracellular compartment contraction
evident in severe wasting.?

Recent interventional studies have challenged the
notion these children have myocardial dysfunction
intolerant to the fluid loading. In a comparative trial of
oral rehydration solutions in 175 Bangladeshi children
aged 6-36 months with cholera, including 149 cases
with severe dehydration at enrollment who initially
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received 100 mL/kg of cholera saline, and recorded no
events of fluid overload or heart failure.*® They
concluded that severe dehydration could be safely
corrected intravenously by up to 100 ml/kg of isotonic
fluid over 6 hours. A Phase II safety and efficacy trial
in 62 Kenyan children with severe malnutrition aimed
to establish whether hypovolaemic shock could be
safely corrected by volume replacement with Ringer’s
Lactate (an isotonic crystalloid) compared to WHO-
recommended half-strength Darrow’s in 5% dextrose
(HSD/5D), a hypotonic crystalloid fluid, given in
similar volumes, but was terminated early after interim
analysis. The trial included 41 children with shock and
severe dehydrating diarrhoea and 20 with presumptive
septic shock; overall 69% of the trial cohort had
decompensated hypotensive shock.’! Outcome was
universally poor, characterised by persistence of
shock, oliguria and high case fatality. No episodes of
pulmonary oedema or fluid overload were reported.
Isotonic fluid was associated with modest improve-
ment in shock and survival when compared to HSD/
5D but results were inconclusive.*!

What is clear from the literature is that very few
studies linked clinical status, physiological investiga-
tion and response to treatment in representative
cohorts of children with severe malnutrition. Few
have drawn on modern technology and contempor-
ary understanding of paediatric critical illness to
study myocardial status and haemodynamic response
to fluid expansion. It is uncertain whether children
with severe malnutrition have or develop features of
cardiac dysfunction before or during treatment, and
whether cardiac function differs between children
with marasmus and kwashiorkor. Moreover, clinical
studies have failed to demonstrate whether their
findings are due to malnutrition per se or reflect other
underlying co-morbidities. Further studies are needed
that combine clinical, echocardiographic, and elec-
trocardiographic findings with measurement of
known biomarkers of cardiac dysfunction such as
brain natriuretic peptide (BNP), Troponin I and
myocardial depressant factors.

References

1 WHO Child Growth Standards based on length/height, weight
and age. Acta Paediatr Suppl. 2006;450:76-85. Epub 2006/07/
05.

2 de Onis M, Onyango AW, Borghi E, Garza C, Yang H.

Comparison of the World Health Organization (WHO) Child

Growth Standards and the National Center for Health

Statistics/ WHO international growth reference: implications

for child health programmes. Public health nutrition.

2006;9(7):942-7. Epub 2006/10/03.

Brewster DR. Critical appraisal of the management of severe

malnutrition: 1. Epidemiology and treatment guidelines.

Journal of paediatrics and child health. 2006;42(10):568-74.

4 Brewster DR. Critical appraisal of the management of severe

malnutrition: 3. Complications. Journal of paediatrics and child

health. 2006;42(10):583-93.

Maitland K, Berkley JA, Shebbe M, Peshu N, English M,

Newton CR. Children with severe malnutrition: can those at

w2

W



highest risk of death be identified with the WHO protocol?
PLoS Med. 2006;3(12):e500.

Heikens GT, Bunn J, Amadi B, Manary M, Chhagan M,
Berkley JA, et al. Case management of HIV-infected severely
malnourished children: challenges in the area of highest
prevalence. Lancet. 2008;371(9620):1305-7. Epub 2008/04/15.
Collins S, Myatt M. Short-term prognosis in severe adult and
adolescent malnutrition during famine: use of a simple
prognostic model based on counting clinical signs. Jama.
2000;284(5):621-6.

Talbert A, Atkinson S, Karisa J, Ignas J, Chesaro C, Maitland
K. Hypothermia in children with severe malnutrition: low
prevalence on the tropical coast of Kenya. Journal of tropical
pediatrics. 2009;55(6):413—6. Epub 2009/06/06.

Talbert A, Thuo N, Karisa J, Chesaro C, Ohuma E, Ignas J,
et al. Diarrhoea complicating severe acute malnutrition in
kenyan children: a prospective descriptive study of risk factors
and outcome. PloS one. 2012;7(6):¢38321. Epub 2012/06/08.
Thuo N, Ungphakorn W, Karisa J, Muchohi S, Muturi A,
Kokwaro G, et al. Dosing regimens of oral ciprofloxacin for
children with severe malnutrition: a population pharmacokinetic
study with Monte Carlo simulation. The Journal of antimicro-
bial chemotherapy. 2011;66(10):2336-45. Epub 2011/08/13.
Welsh FK, Farmery SM, MacLennan K, Sheridan MB, Barclay
GR, Guillou PJ, et al. Gut barrier function in malnourished
patients. Gut. 1998;42(3):396-401.

Brewster DR, Manary MJ, Menzies IS, O’Loughlin EV, Henry
R. Intestinal permeability in kwashiorkor. Archives of disease
in childhood. 1997;76::236-41.

Amadi B, Kelly P, Mwiya M, Mulwazi E, Sianongo S,
Changwe F, et al. Intestinal and systemic infection, HIV, and
mortality in Zambian children with persistent diarrhea and
malnutrition. Journal of pediatric gastroenterology and nutri-
tion. 2001;32(5):550-4. Epub 2001/06/29.

Nyeko R, Kalyesubula I, Mworozi E, Bachou H. Lactose
intolerance among severely malnourished children with diar-
rhoea admitted to the nutrition unit, Mulago hospital, Uganda.
BMC pediatrics. 2010;10:31. Epub 2010/05/13.

Hughes SM, Amadi B, Mwiya M, Nkamba H, Tomkins A,
Goldblatt D. Dendritic cell anergy results from endotoxemia in
severe malnutrition. J Immunol. 2009;183(4):2818-26. Epub
2009/07/25.

Alleyne GA. The effect of severe protein calorie malnutrition
on the renal function of Jamaican children. Pediatrics.
1967;39(3):400-11.

Wharton BA, Balmer SE, Somers K, Templeton AC. The
myocardium in kwashiorkor. The Quarterly journal of medi-
cine. 1969;38(149):107-16.

Phornphatkul C, Pongprot Y, Suskind R, George V, Fuchs G.
Cardiac function in malnourished children. Clinical pediatrics.
1994;33(3):147-54.

19

20

2

—_

22

23

24

25

26

27

28

29

30

3

—

Brent et al.

Schofield C, Ashworth A. Severe malnutrition in children: high
case-fatality rates can be reduced. Africa health. 1997;19(6):17—
8.

Bachou H, Tumwine JK, Mwadime RK, Ahmed T, Tylleskar
T. Reduction of unnecessary transfusion and intravenous fluids
in severely malnourished children is not enough to reduce
mortality. Ann Trop Paediatr. 2008;28(1):23-33.

Giugliani C, Duncan BB, Harzheim E, Breysse S, Jarrige L. The
impact of a short-term intervention using the WHO guidelines
for the management of severe malnutrition at a rural facility in
Angola. Archives of disease in childhood. 2010;95(3):198-202.
Epub 2010/03/24.

Faddan NH, Sayh KI, Shams H, Badrawy H. Myocardial
dysfunction in malnourished children. Annals of pediatric
cardiology. 2010;3(2):113-8. Epub 2011/01/15.

Shoukry I SA, Ibrahim MM, Fahmy N, MA M. Cardiac
atrophy and ventricular function in infants with protein calorie
malnutrition. In: Doyle EF EN, Gersony WM, Rashkind W1,
Talener NS e, editors. Pediatric Cardiology. New York:
Springer Verlag; 1986. p. 1169-71.

Prasodo AM, Indrawati R, Hamid A. Heart size in protein-
calorie malnutrition. Paediatrica Indonesiana. 1976;16(5—
6):135-45. Epub 1976/05/01.

Singh GR, Malathi KE, Kasliwal RR, Ommar A, Padmavati S,
Ramji S. An evaluation of cardiac function in malnourished
children by non-invasive methods. Indian pediatrics.
1989;26(9):875-81. Epub 1989/09/01.

Piza J, Troper L, Cespedes R, Miller JH, Berenson GS.
Myocardial lesions and heart failure in infantile malnutrition.
The American journal of tropical medicine and hygiene.
1971;20(2):343-55.

Kothari SS, Patel TM, Shetalwad AN, Patel TK. Left
ventricular mass and function in children with severe protein
energy malnutrition. International journal of cardiology.
1992;35(1):19-25.

Olivares JL, Vazquez M, Rodriguez G, Samper P, Fleta J.
Electrocardiographic and echocardiographic findings in mal-
nourished children. Journal of the American College of
Nutrition. 2005;24(1):38-43. Epub 2005/01/27.

Kerpel-Fronius E, Kovach S. The volume of extracellular body
fluids in malnutrition. Pediatrics. 1948;2(1):21-3.

Alam NH, Islam S, Sattar S, Monira S, Desjeux JF. Safety of
rapid intravenous rehydration and comparative efficacy of 3
oral rehydration solutions in the treatment of severely
malnourished children with dehydrating cholera. Journal of
pediatric gastroenterology and nutrition. 2009;48(3):318-27.
Akech SO, Karisa J, Nakamya P, Boga M, Maitland K. Phase
I trial of isotonic fluid resuscitation in Kenyan children with
severe malnutrition and hypovolaemia. BMC pediatrics.
2010;10:71. Epub 2010/10/07.

Pathogens and Global Health 2012 voL. 106 NO. 4

Severe malnutrition: Research priorities

199



