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SECTION 11 : RESEARCH PLAN

ABSTRACT SUMMARY

Controversy exists regarding the optimal electrolyte composition of oral rehydration solution
especially for use in severely malnourished children. Children with protein energy ~malnutrition
(PEM) have an excess of total body sodium and are depleted in potassium, This is due in part
because children excrete less sodium and more potassium during an acute diarrhoeal illness.
Hypokalemia in children with diarrhoea is not satisfactorily corrected by the standard WHO-ORS
containing 20mmol/L. of K'. This study proposesto compare the effect of the following ORS
formulationsin a 3 cell randomised controlled trial : (a) WHO-ORS (Na'90, K'20, CI'80, Citrate
10, Glucose 111, Osmolality 311 mosmol/L) (b) A modified-ORS with lower sodium and higher
potassium concentrations (Na'45, K'40,C176, Citrate 7, glucose 125, osmolality-293 momosmol/L)
or (c) reduced osmolarity ORS (Na60", K20+, CL'57, Citrate 10, Glucose 111, osmolarity 258
mosmol/L) in correcting potassium deficit and in reducing the risk of developing overhydration in
severely malnourished children with watery diarrhoea.

Major outcome variables of serum potassium and sodium changes and risk of development of
overhydration will be compared between the treatment groups. We expect the results of this study
to assist in better case management of severely malnourished children with watery diarrhoea.
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PROJECT DESCRIPTION '
HYPOTHESIS :
1. A modiﬁed ora.l rehydration solution with higher potassium concentrations will correct
potassium deficits in severely malnourished children with diarrhoea better than the standard

ORS.

Y

2. High sodium ORS (e.g. standard ORS) has a risk of developing overhydration.

OBJECTIVE :

1. To determine the effect of a modified oral rehydration solution containing lower sodium and
higher potassium concentrations in correcting sodium excess and potassium depletion in
severely malnourished children with diarrhoea.

2. To determine the nisk of developing fluid overload in patients treated with different ORS
solutions ( standard ORS, modified ORS & hypoosmolar ORS ) by clinical evaluation and
measuning total, intracelflular, and extracellular body water.

BACKGROUND:

Malnutrition and diarrhoea are among the most common childhood iliness responsible for high
proportion of death in children'”. Though oral rehydration therapy is well-established in the
management of diarrhoeal dehydration, controversy remains regarding the optimal electrolyte
composition®. The WHO ORS has met with some criticism for containing a relatively higher content
of sodium and lower concentration of potassium than might be considered appropriate for use in
chitdren™® . Cholera stool of children contains less Na” and more K than adults and children are
found to lose more K' in non-cholera diarthoea than in cholera®. In addition management of
malnourished children with diarrhoea need special care. Physiclogically, malnourished children
excrete less salts and water, and are unable to handle excessive salt and water load". The
malnourished child is sometimes found to be hyponatraemlc in fact all the sodium is being
concentrated inside the cell (inefficient Na'/K' pump)'’ and fluids containing large amounts of
sodium (such as the standard ORS) may lead to further increase in intra cellular sodm, fluid
overload and heart failure. Though the body composition of malnourished children has been studied
in detail”® there are no reports regarding the changes in body composition (total, intracellular and
extracellular ) during diarrhoea and d1ﬂ'erent states of hydration. On the other hand children with™
PEM have depleted potassium stores”®. Diarrhoea results in further depletion of the already
diminished potassium stores of the malnounshed children. Though the serum pottasium values do
not always reflect the total body potassium'®, hypokalemia is an important finding in PEM and was
found to correlate well with clinical presentations (neck-flop, abdomma] distention, diminished
bowel sound, weakness of limbs, lethargy etc.) in children with diarrhoea". Moreoven hypokalemia
in malnourished children with diarrhoea have higher risk of fatal outcome'®.  Although the efficacy
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of standard ORS in correcting dehydration is unquestioned, its role in correcting potasium deficits
was found to be insufficient in some children with diarrhoea'”. There are reports of use of hypotonic
ORS with different Na* contents'™", however trials with higher contents of K" in ORS are scarce.
In a study comparing low and high sodium and potassium content in ORS it was found that higher
K' containing ORS corrects K* deficits better than low K* containing ORS’. But in this trial a single
solution having reduced sodium and increased K content was not used. Moreover none of the
studies were done in malnourished children. Presently, all children (severely malnourished or-not)
with diarrhoea are being rehydrated following the same treatment guidelines. From our experience,
at ICDDR,B we found that while treating diarrhoeal children with hypokalemia pottasium
supplementation is often required either orally or parenterally and many authors have expressed
similar views''*'" But separate, regular potassium supplementation during diarrhoea is not feasible
at community level or primary health care centres. Presently WHO experts in ORS formulation are
also concerned about the use of the standard ORS therapy in severely malnourished children due to
its high sodium and low pottasium content and suggests an alternative ORS with low sodium and
high potassium concentration for use in these children® It is felt that an ORS containing lower
sodium and higher pottasium concentration may be useful in correcting hypokalemia, and lowering
the risks of excess sodium, in severely malnourished children with diarrhoea. Before recommending
such a rehydration solution, its role needs to be evaluated by well designed controlled clinical trials.

STUDY DESIGN
Subjects / Patient Selection

Children attending the ICDDR B, Dhaka Treatment Centre with a history of watery diarthoea wall
be evaluated following the inclusion and exclusion criteria.

Inclusion Criteria :

1 Age ; 6 mo - 36 mo

2. Sex ; Both

3. H/O diarrhoea o History of watery stools (for at least last 72 hours)

4. Nutritional status ; W/H <70% of NCHS median with or without
oedema.

Exclusion Criteria :

Bloody diarrhoea

2. Severe infection (severe pneumonia, clinical sepsis / septic shock , meningitis and other
conditions requiring intensive care support ).
3. Patients with severe dehydration.



Sample Size :

We expect to reduce the persistence of hypokalemia with the modified ORS treatment to 10% of
patients in comparison to 33% of standard ORS therapy’. Considering 5% level of significance and
80% power, the sample size in each group will be 47. Assunlling 20% drop out, the final sample size
will be 57 in each group. Therefore, total sample size will be 171 -

The incidence of hyponatraemia in the study group (modified-ORS group) is assumed to be 20% as
compared with 2% in the control group (WHO-ORS). Considering 5% level of significance and
80% power, the sample size is calculated as 44. Considering 20% drop out, the final sample size in
each group will be 53.

T

The incidence of over hydration in the WHO-ORS group is aséumed to be 20% as compared with
2% in the modified-ORS group. Considering 5% level of significance and 80% power and 20%
drop out the final sample size will be 53.

Enrollment of patients

Informed consent :

The patients admitted in the study, their parents or guardians will be fully informed about the trial
and one of the investigators will obtain their freely given consent to participate in the study in
writing.

Baseline information :

A baseline history and examination will be obtained in order to :

re determine the subjects’ eligibility for inclusion in the study ;
4 collect the relevant data prior to beginning the study.

The baseline history and examination will include :

e identification of the patients ;

w a description of the symptoms prior to admisssion and their duration ;
e detail of any treatment given for the illness before admission ;

w results of physical examination including the state of hydration .

Assessment of dehydration

*

This will be done according to the manual for management of severely malnourished children (
Appendix-1).



[P

Laboratory Tests :

After admission blood for Het, total protein, albumin globulin ratio, and serum efectrolytes will be
sent before initiation of the assigned ORS. Serum electrolytes will be repeated after 24 and 48 hours
after initiation of ORS therapy .Stoo! sample will be sent for microscopy (including cryptosporidium
and giardia) and culture for shigella, salmonella, vibrio cholerae and ELISA for rotavirus will be
done on admission and patient treated. Other relevant investigations like Total WBC count,
Differential count, CXR or Blood C/S will be sent, if necessary.

Randomization ;

The study will be done in a randomised 3-cell controlled clinical trial. Randomization of each cell
will be stratified according to duration of diarrhoea (<7 days and >7 days). After enrollment and
baseline information the patients will be randomized to receive one of the three oral rehydration
solutions -

(1) WHO-ORS (Na'90, K20, CI'80, Citrate 10, Glucose 111, Osmolality 311 mosmol/L).

(2)  Modified-ORS (Na'45, K'40, Ci'76, Citrate 7, Glucose 125, Osmolality 293
mosmol/L).

3) Low osmolarity ORS (Na'60, K"20,CI'57, Citrate 10, Glucose 111, osmolality 258
mosmol/L).

A randomization fist will be prepared by a person not directly related to the study by using a random
number table of permuted block of variable length. The randomization list will contain a serial
number. The investigators will be supplied with big packets (containing, 20 small packets of ORS to
be dissolved in half litre of water). The big packets will be numbered serially masking their identity.
The patients’ identity number will correspond to the packets serial number.

Case Management :
ORS

Initial rehydration - Patients will be assigned to study ORS according to randomization number.
Patients will be rehydrated with ORS over 12 hours with the amount calculated according to the
baseline dehydration status.

Maintenance phase - Treatment will continue with the assigned ORS with the minimum amount
administered equal to replacement of ongoing losses (watery & loose stool and vomit). Patients will
be allowed ORS unti} diarrthoea stops.

Intake of ORS, plain water, output of stool & urine, state of hydration and vifal signs (pulse rate,

heart rate, respiration rate and temnperature) will be recorded every 6 hours by a nurse, as a part of
routine diarrhoeal care. Body weight and dietary intake (g/kg/day) will also be recorded 6 hourly.
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Standard management

The star?dard management will be followed according to the manual for management of severely
malnourished children (Appendix-1)

Diet .

All patients will be allowed breast milk ad libinim. Patients will also be given mitk cereal mixture
(Milk-Suji composition given in Appendix-2) providing a calone of 75 Kcal’kg/day for partially
breastfed infants and 110 Kcal/kg/day for non-breastfed babies. Food will be provided at 2 hourly
intervals from 4 AM to 12 Midnight (11 feeds). Children who are anorectic and/or has repeated
vomiting will be given nasogasttic tube feeding.

Vitamins & Micronutrients

Multivitamins - A commercially prepared multivitamin and mineral mixture will be given to all
children. '

Study withdrawal
Reasons for withdrawal :

1. Any patient requiring unscheduled intravenous fluid therapy (due to worsening of
dehydration or development of septic shock). .

2. Development of complications including hypoglacaemia, severe pneumonia or clinical
sepsis requiring 1/V medication.

Management of withdrawal cases :

The withdrawal cases will be transferred to general ward or ICU and appropriate management
provided according to routine hospital practice. Regular follow-up will be done and final outcome
of the children will be recorded.

Data coltected upto the time of withdrawal will be included for analysis.
Management after end of study -
Vital signs (pulse rate, heart rate respiratory rate and temperature) will be monitored for 3

consecutive days after the end of study and if stable, patients will be discharged with dietary advice
or admitted in the nutrition rehabilitation unit, as required.



Definition:

Iind of study - The study end point will be considered when diarrhoea stops or 5 days of initiation of
the ORS whichever comes first.

Cessation of diarrhoea - Diarrhoea will be considered to have stopped when the last watery stool is
passed followed by soft or formed stool and/or no stool for 16 hours.

Hypokalaemia - Hypokalaemia is defined as serum potassium levet <3.5 mmol/ .

Persistence of hypokalaemia - If the serum potassium level is <3.5 mmol/l on admission and it
remains at that level even after 48 hours of therapy with ORS , it will be considered as persistence of
hypokalaemia . +

Overhydration -

As there is no standard criteria for defining overhydration, we have developed a working definition
of overhydration for this protocol based on previous study reports and our chmcal
experience.Overhydration will be considered in a child who has more than a 5 % weight gain”
(within48 hours) than expected after correction of dehydration and/ or at least any two of :
development of periorbital oedema ;

increased heart rate (>140/min );. } In the absence of signs suggestive of pneumonia
increased respiration rate (>60 /min).  } (fever, CXR abnormalities etc.)

Hypoglycaemia - will be defined as blood glucose ¥3 mmol/L
Hyponatremia - will be defined as serum sodium < 130 mmol/L
Severe pneumonia;

Patients aged 6 m- 12 m

- respiratory rate >50/minute with chest indrawing

Patients aged 13 m-36m

- respiratory rate >40 with chest indrawing (WHO guideline)

Organization of the trial :

Study site - The study will be done in the study ward of the Clinical Service Centre of ICDDR,B.

fid

Study schedule - The study period will be 2 years from starting.



Recruiting and training of study personnel - First one month.
Data collection - 18 months

Data analysis and reporting - 5 month

BALANCE STUDIES (Sodium and potassium balance)

During the study of modified oral rehydration solution in severely malnourished children with acute
diarrhoea, a subsample of male patients will undergo balance studies .

Selection of Patients
First 10 (ten) patients from each group will be selected for the balance studies.-
Procedure (Balance study)

The procedure for the sodium and potassium balance study is adopted according to the method of
Aperia et al™. At the start of ORS administration, a charcoal marker will be fed and urine collection
will start and measurement of ORS and diet intake will commence. The stool collection will start
with the appearance of charcoal marker in the stool. After 48 hours a 2nd marker will be given to
the patient and urine collection will be completed and ORS & diet intake upto that point will be
recorded. Stool collection will be stopped after the appearance of the Znd marker in the stool. Stool
and urine sodium, potassium and osmolality will be measured from the collected samples. Intake of
sodium and potassium will be measured from the intake of ORS and diets. 5 ml of acetic acid will be
given in the collecting stool buckets to prevent fermentation. All stool, urine and vomitus will be
coltected in similar way. These samples will be kept at-205C. Aliquotes of stool samples from
homogenized 48 hour collection will be taken and analysed for sodium and potassium.

MEASUREMENT OF TOTAL, INTRACELLULAR AND EXTRACELLULAR BODY
WATER:

The total body fluid and extracellular and intracellular fluid will be measured by Bioelectrical
impedance analyser (BIA) in a sub-sample of patients using a method we have recently validated

(Hossain 1 et al, submitted). The measurements will be done at randomization, at 6 hours and 24
hours after starting ORS .

Selection of patients

Body fluids compartments will be measured in the first 10 (ten) patients from each group.



Procedure (BIA)

A multi-frequency analyser machine (Xitron Inc, San Diego, California) will be used to measure
biotmpedance. The children will be positioned to lie quietly supine with arms slightly apart from the
body; legs will be separated so that the thighs will not touch. Afier cleaning the skin with alcohol,
one pair of electrodes will be placed on the back of the hand, the distal one over the distal end of the
metacapal and the proximal one over an arbitrary midline between the radius and ulna at the wrist
joint. Another pair will be placed at the distal end of the metatarsal and between medial and lateral
malleoli at the ankle. During this procedure no metalic object (ormaments, stones) will be in contact
with the skin.

During operation of the machine body weight, height and temperature will be measured and records
will be entered into the machine. From the impedance values TBW, ECW and ICW (indirectly) will
be estimated by using published equations™. '

OUTCOME VARIABLES :

Primary
(1)  Serum potassium and sodium changes among the treatment groups.
(2)  Risk of developing overhydration.

Secondary:

1. Calorie intake per day

2. Daily weight gain

3. Duration of hospitalization

4. Changes in extracellular and intracellular fluid and total body water.

DATA ANALYSIS:

All data generated from this study will be entered into a Personal Computer using StatPack Gold
statistical package. Statistical analysis will be done with SPSS PC # statistical package. Continuous
variables will be analysed using Anova, students /-test or non parametric tests according to the
appropriateness and applicability. Dichotomous variables will be tompared among the groups using
Chi-squared test or Fisher's exact test. Statistical significance will be accepted at the level of 0.05.

SIGNIFICANCE OF EXPECTED FINDING

If the modified ORS is found to correct hypokalemia in malnourished children with diarrhoea, it will
have a major public health significance as regard to better case management for malnourished
children with diarrhoea.
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BUDGET JUSTIFICATION

Personnel : Investigators request support calculated by % effort. Support for % effort of
secreterial service is also requested. The research physician , nurses and research assistant will work
at the study area at ICDDR, B hospital and will be provided with a salary supplement.

Patient hospitalization cost: The patients’ hospitalization cost and other interdepartmental cost is
calculated from the present rates at ICDDR, B .

Supplies : Fumniture (tables & chairs } and file cabinet is requested for use by study personnel for
desk work and record keeping .A computor is necessary for data management and analysis (All
other computers at the clinical sciences division , ICDDR, B are fully engaged in other projects ).
Deep freezer will be required for storage of stool and urine samples which will be used later for
balance studies. i

Transportation: Support is requested fot transport subsidy of the project staff and the study
patients. ,
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Title of the protocol: Efficacy of rodified cral rehydration solution in
severely malnourished children with watery diarrhoea

1, BUDGET DETAILS {enter all amounts in whole US$) o . 'y
1.1 Personnel 7 T o i
Category of Personnel % of full D T
{list ALL participants, even if time effort | o
financial support is not devoted to |Year 1 Year 2 Total
required) project Us s Us s us $
Professional scientific staff - - _
{functional title and name - - ~
if available)
1. Dr. N.H. Alam 30 4,800 5,150 9,950
2. Dr. Jena D. Hamadani 20 2,550 2,750 . 5,300
3. Dr G.J. Fuchs 10/ nil nil nil o
4. Study Physician 100 8,088 8,492 16,580
Technical staff (functional I
title and name - if available)
1. Study Nurse - 4 . 100 6,000 6,000 | 12,000
2. Research Assistant - 1 100 3,600 4,000 7,600
3. Secretarial service 20 1,300 1,400} 2,700
Other staff {(functional title T
if available) T T
Health Worker - 6 i 100 3,600 3,600 7,200
Sub-total 29,938 | 31,392 61,330
§I:pplies & Materials - I N
Office supplies ) 700 500 | 1,200
Hospital supplies 600 500 | 1,100
Others ] 500 500 |~ 1,000
Sub-total: ' N 1,800 | 1,500 3,300
Other Contractuals o
Rent, communication & utilities " 7500 500 | 1,000
Printing & publication 500 500 1,000
Sub-total 1,000 1,000 2,000
Interdepartmental services )
Transportation cost 700 500 | 1,200
Xerox, mimeography 200 200 400
Library service 100 100 200
Medical lllustration 100 100 200
_aLoratory tests: Blood - Hct, CBC, total protein, - 00 2,600 7,500
éﬁb glob ratign, serum electrnlytes, bload C/S B 1T o
Stool microscopy & culture 500 | 2,000
Rotavirus ) 200 700
Patient hospitalization cost {$25x5x160) 8,000 | 20,000
Sub-total: ) T 90 12,100 32,200
TOTAL o T " |” 52,838| 45,902 | 98,830
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& Consent Form
i

Your child is suffering from acute Watery diarrhoea and malnutrition. One of the major
treatment of diarrhoea is rehydration and replacement of stool Joss with rehydration solution
suitable for your child.

ICDDR,B is undertaking a study in the Clinical Research Centre, Dhaka, to evaluate a modified
Oral Rehydration Solution in severely malnourished children. It is expected that this solution is
better than the standard (WHO-ORS) solution for malnourished children. We request you to
allow your child to participate in this sfudy.

If you agree, the following procedures will be followed:

1. Your child will be kept in this-hospital for 5 days or till diarrhoea stops. During this
period your child will be éxamined daily and will be provided routine medical care.

2. Your child will be fed'any of the three Oral Rehydration Solutions namely Standard
(WHO) ORS, a modified ORS and a low osmolarity ORS to replace his ongoing stool
loss. The allocation of the ORS will be made as per randomization. He will also be given
usual hospital diet for diarrhoea';.

3. Stool sample will be obtained for Microscopy and culture at the time of admission and
will be repeated if required.

4, Two milliliter of blood will be taken for Hct, Sp.qr, Total protein, AG ratio and serum
electrolyte on admission. Serum electrolyte (1.5 ml) will be repeated 24 and 48 hours
after admission.

Other relevant investigations will be done if necessary.

5. Your child’s total intraceliular and extracellular body water will be measured by an.
electric device which does no harm to him/her.

6. The study involves no risk. We will maintain the confidentiality of the medical records.

7. At any stage of the study you may withdraw your child from the study, but his/her
routine care by us will not be hampered.

8. If you agree to participate in this study please sign below.

Signature of Signature of Signature or thumb

-

the Investigator Witness impression of the guardian
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1. INTRODUCTION

This manual provides practical guidelines for the management of patients with severe maloutrition.' It
seeks to promote the best available therapy so as to reduce the risk of death, shorten hospitalization. and
facilitate rehabilitation and full recovery. Emphasis is given to the management of severely malnourished
children; the management ot malnourished aduits is considered briefly.

Severe mainutrition is both a medical and a social disorder. That is. the medical problems of the child
result from the social problems of the home in which the child lives. The discase is. thus, the end result of
chronic nutritional and. frequently, emotional deprivation by caretakers who, because of paar
understanding, poverty or family disintegration, are unable to provide the child the nutrition and care he or
she requires. Successful management of the severely malnourished requires that both the medical and
social problems be recognized and corrected. If the iliness is viewed as being only a medical one. the child
is likely to relapse when he or she returns home, and other children in the Family will remain at risk of
developing the same problem.

Management of the child with severe malnutrition is divided into three phases. These are:

(a} Initial meaument: life-threatening problems are identified and treated. specific deficiencies are
correcled. metabolic abnormalities are reversed and feeding is begun;

(b)  Rehabilitation. intensive feeding is given ta recover most of the lost weight: emotional and phy sical
stimulation is increased, the mother is trained to continue care at home, and preparations are made for
discharge of the child; and

() Follow-up: afler discharge the child and family are followed to prevent relapse and ensure continued
physical, mental and emotional development.

A typicat time-frame for the various steps in treatment and problems encountered is shown below:

INITIAL REHABILITATION FOLLOW-UP
PHASE PHASE '
days -2 days 3-7 weeks 2-6 weeks 7-26

Treat or prevent:
Hypoglycaemia ~  -voceeeees >
Hypothermia ~ ccceeeees > ;
Dehydration  —ooeeeeee > ,
[nfection et >
Begin teeding e LD .
Replace minerals ~ —ooovecemmammmno. B R AR =
Replace vitamins =~ —ccooccemeaamal e e e e >*
Catchupgrowth s - :

' "Malnowition” and "malwonrished” are used as synonyms of “undernutrition” and "undemourished”, respectively.



Play therapy =
Prepare Tor discharge e >
Monitor growth

Successful management of the severely malnourished child does not necessarily require
sophisticated facilities and equipment, or highly qualitied personnel, [t does requiire. however. that cach
child be treated with tender, loving care and that each phase of treatment be carried out tully and caretully
by appropriately trained and dedicated healthworkers. When this is done the risk of death can he
substantially reduced and the opportunity for full recoverv greatly improved.’

L TREATMENT FACILITIES

Restdential care 1s essential for initial treatment and for the beginning of rehabilitation of a chil|
with severe malnutrition. The child should be admitted to hospital. preferably 1o a Special Nutrition
(SNU), which is an arca in a general hospital that is dedicated to the initial management and rehabilitation
of severe malnutriion. When the child has completed the initial phase of treaument. is withou
complications. and is cating satisfactorily and gaining weight (usually 2-3 weeks afier admission). he or she
can usually be managed at a non-residential Nutrition Rehabilitation Centre (NRCY. An NRC is a il
hospital”, primary health centre or similar facility (hat gives daytime care by stalf trained in ihe
rehabilitation of malnourished children. The child sleeps at home. is brought to the NRC zacly inorning, 2l
returns home each evening. Close co-operation between the hospital and NRC is necessary to ensure
continuity of care for the child and facilitate returning the child quickly to hospital. should a serious
problem develop. [n urban areas, NRCs should, preferably, be established close to hospital facilities. Where
there is o NRC. the hospital must continue to provide care until the child is ready for discharge. Imporiant
features of residential (hospital/SNU) and non-residential (NRC) treatment facilities are compared in Tahle
1.

3EVALUATION OF THE MALNOURISHED CHILD

When first seen. the child must be examined, a history taken and a decision made on the treatment
W be given. Treamment should he started immediately after the history, examination, weighing and
measuring are completed. Details of the history and examination should be recorded later. Very sick
children respond badly o (requent handling; they should not taken for X-rays: clinicat specimens should he
taken in the bed.

«

Table 1: Compared features of residential and non-residential care facilitics

Hul'“enture - Residential care Non-residential care ;}

2

-

A case fatalily rate of > 20% is unacceptabte, |1-20% is poor. 5-10% is good, and <3%% is exceltant.

(e



(hospital/SNU)

(NRC)

Fransport required
Staff nuinber and training

Diagnostic, consultant and support
services

Emergency care

Care available throughout 24

Patient can be fed throughout the
night

Inappropriate remedics given at
home

~Child is separated from the mother

and home
Procedures are adapted to special
needs of malnourished child
Statf develop special skill with
malnourished children

Staff turnover

Risk of cross-infection

Muthers learn about hygiene,
feeding, family planning and play
therapy:.

Intinidatiug for parents and
patients

Cost

no

more stalf, formaltv
trained

usually available

yes
yes

130

¥€$ Or no

unusual

unusual

rapid

high
very unusual

-
o
u

high

daily

fewer stail. informall
trained

patient must be taken to:

hospital as an outpatient

not at night
no
no

often

no

ves

ves

_:;]DWV

moderae
ves

much less

less costlv

3.1 Nutritional status and admission criteria

Assessment ol huiritional status according to weight, hcighﬁ and oedema is suimmarized in Table 2
and dhustrated in Figwie 2. Also shown are the criteria for classifying severe malnultrition as

“oedematous”, "wasled” or "slunted”. Normal values for weight-for-height or -length. are given in
Appendix 1. '

10 this manual length and height, as well as weight-for-length and weight-lor-height. are used imerchangeably, Children helow
24 modths. less than 85 an 1all, ar o ill t stand should have their fengeh measered lying down. Older and 1alter children who can
stind should have their heighs measured.



Children whose weight-for-height *is <70% of the median (-31SD) of NCHS reference «alues
(termed "wasted”), or who have symmetrical oedema involving at least the fect (termed "sedeuritons
malnutrition”) ure severely malnourished. They should be admitied to hospital where they can he ohserved
treated and fed day and night.

Stunted children are usually considered to have a milder. chronic form of malswirition. Their
condition can rapidly worsen, however, with the onset of complications such as diarrhoea, respiratory
infections or measles. Stunted children may be satisfactorily managed in the community, rather than n
hospital. Management of children with severe stunting should follow guidelines for "preparation toy
discharge" (see Section 5.5 ). .

3.2. History and examination

Points of special importance in the child's history and physical examination are listed in Fable ¥ [
helps to use a printed proforma so that information is collected and recorded in a stadard manner A
sample admission record form is in Appendix 2; it may be modified to suit local conditions.

TABLE 2: Classification of malnutrition

Well- Mild Noderate Severe

nourished matlautrition | malnutrition maduntrition
;

{type)

Syrmunetrical no no no ves
oedema {Gedemuarous
mahuuritiony

Wmc e B T T T L T P 5 q ,
heiglit (+2w-l 2) (-1t0-22) (-2t -3 2) (Severe wasting)

The diagaoses are not mutually exclusive. A child can have severe wasting and ocdeniatous malnutrition. or severe wasting
severe stunting, <l

This correspends o Lhe detinitions of "kwashiorkor" and "marasmic kwashiorkor" in alder classitications. Howeser, 1o avanl
confusion with the dinical syndrome of kwashiorkor. which includes other features, the term "oedemuious nalnutition” 15
preferred.

rerceniage of the median NCHS standard and Z-score. For weight-for-aee and weight-for-height, one Z-score uait is aboul 1075

ol the median. exeept in children less than 6 months of age. For height-for-nge. ane Z-score unit is about 3% of the madian.
i



lletghtlor e e
age (+2t0 -1 2Z) (-1t0-22) (-2t0-37) (Severe suonting)

B

3.3 Laboratory tests

Where tacilities permit. the tests given in Table 4 may help to dingnose specitic problem\ Thev
are not needed. however, 1o guide or monitor treatment. The interpretation of test resuits is trequunlx
altered by malnutrition. For this reason, laboratory tests may misguide inexperienced workers. e most
important guide to treatment is frequent careful assessment of the child.

Table 3: Imporiant points in the history and physical examination

Histary:

- Usual diet betore recent illness

- Breast feeding history
Food and fluids tuken in past few days
Recent sinking ot eyes
Duration. frequency and quality of vomiting or diarrhoea

- Time when urine was last passed

- Contact with measles or tuberculosis

< Any deaths of siblings

- Birth weight

© Milestones reached (sitting, standing, etc)
*Immunizations

Physical examination:

Weight, and length or height
- Oedema
- Enlarged or tender liver. jaundice

Abdominal distension, bowel sounds, abdominal "splash™
- Severe paltor

- Signs of circulatory collapse: cold hands-and feet, weak radnl pulse, _ v ?
diminished consciousness ‘ i
- Temperature: hypothermia or fever ‘ S

Fhis corresponds to "marasmus” {without cedema) in the Wellcome clinical classification, and to grade [H malnutrition in the
Giomez sysiem. used for public health surveys, To avoid confusion between these delinitions, the terms are not used in this manual,
"Severe wasking” is the preferred lenm.

h



- Thirst

- Eyes: corneal lesions of vitamin A deficiency

- Ears, mouth, throat: evidence of infection

- Skin: infection or purpura

- Respiratory rate and type of respiration: pneumonia. heart failure
- Appearance of faeces

4. INITIAL TREATMENT

4.1 Principles of management

Table 4;: Laboratory tests

Specimen or test Result and significance

Tests that may be useful:

Blood glucose
Blood smear
Haemoglobin or
packed cell
volume _
R pus SRS

To confirm hypoglycaemia: glucose <3 mmol/l or <54 mg/dl
To detect mataria parasites

Very severe anaemia is haemoglobin <40/l or PCV -12%

Any bacteria on m:croscopy or more than 10 ieucncytee per
cells; dip stick high power field means infection
for infection;
culture and
sensitivi
Faeces

A

~Observe for blood (dysentery). Microscopy for cysts ™"
or trophozoites of Giardia :
Pneumonia causes less shadowing than in well nourished
children. Vascular engorgement suggests heart failure. Bones
may show rickets or rib fractures

Skin test for TB Often negative in children with TB or previous BCG
Tests that have little value:

Chest X-ray

Serum proteins
FHV test
Electrolytes

Not useful in management; they may gulde pPrognosis
Should not be done routinely; if done, result should be conf'denual
Rarely helpful and may lead to inappropriate therapy i

il

When first seen. the child with severe matnutrition is often a medical emergencv The child is
“wasted”. usually anorexic. ofien infected and appears seriously ill. Wherever possible. the child should be



-

referred to hospital, Successful initial management requires {requent, careful clinical evaluation ;t_nd
anticipation of common problems so they can be prevented, or recognized and treated at an earl_y stage. lh'e
physiology of the malnourished child is seriously abnorinal; how this affects management of the child is
sununarized in Appendix 3. .
Recently admitted children should be kept in a special area where they can be constaniiv monitored.
Because they are very susceptible to infection, this area should, if possible. be isolated from other patients.
The child should not be kept near a window or in a draft, and windows should be closed at night. The child
should be properly covered with clothes, including a hat, and blankets. Washing should be kept w a
minimum and, if necessary, done during the day. When the child is washed he or she must be dried
immediately and carefully. The room temperature should be kept at 25-30°C (77-86°F). This will seem

uncomfortably warm for active, fully clothed staff, but is necessary for small. immobile children who easilv
become hypothermic.

Intravenous infusions should be avoided except when essential. as for severe dehydration or seplic

shock. Intramuscular injections should be given with care in the buttock. using a small zauge needle and the
smallest possible volume.

Initial treatment begins with admission to hospital and lasts until the child's condition is stable and
the child can eat, which is usually 2-7 days. If the initial phase takes longer than 10 days. the child is

"failing to respond" and additional measures are required (see Section 7). The principal tasks during initinl
treaunent, i order of priority. are to:

{1) treat or prevent liypoglycaemia and hvpothermia.

(2) treat or prevemt delydration and restore elecnoivic
balance, . o

(3) treat incipient or developed septic shock. lf}.vre.\'em.

(4) start to feed the child,

(3) treat infection, and .

(6) identify and treat other problems. including viramin

deficiency, severe unaenria and heart failure.
These tasks are described in detail below.

4.2 Hypoglycaemin

Al severely matourished children are at risk of developing hypoglycaemia tblood glucose
“ImMolft or <54 mg/dl). which is an important cause of death during the first two days of treatment.
Elypoglycaemia may be caused by serious systemic infection or can occur when a malnourished child has
not been fed for 4-6 hours, as often happens during travel to hospital. The best way to prevemt
hypoglycaemia is to give food at teast every 2-3 hours day and night (see Section 4.5). &

Signs of hypoglycaemia include fow body temperature, lethargy, limpness and clouding of
vonsciousness.  Sweating and pallor do not usually occur in malmourished children. Often. the only sien
before death is drowsiness. ‘ :

If hvpoglveaemia is suspected, treatment should be given immediately swithout laboratory
confirmation, it can do no harm, even if the diagnosis is incorrect. If the patient is conscious or can he



roused and will drink, give 50 ml of 10% glucose or sucrose in water, ur give F-73 diet by mouth e
Section 4.5), whichever is available most quickly. Stay with the child until he or she is fuilv alert,

Il the child is losing consciousness, cannot be aroused or has convulsions, give 1 mikg _bnd_\
weight of sterile 50% glucose intravenously (IV), followed by a nasogastric (NG) infusion of 30 ml of |”.".'-3
ulucose or sucrose, to prevent a recurrence. If the dose of IV glucose cannot be given quickly. give tite N(;
infusion first, When the child regains consciousness, timmediately begin feeding F-75 diet or glucose in
water (60g/1). Continue frequent oral (or NG) feeding with F-75 diet to prevent a recurrence.

Every malnowrished child with suspected hypoglveaemia should also be treated with Arowi

spectrunt antimicrobials for serious systemic infection (see Section 4.6).

4.3 Hypothermia

Young infants, and those with marasmus, large areas of weeping skin or serious infection are highty
susceplible to hypothermia. When rectal temperature is <35.3°C (<95.9°T) ar under-arm temperature =333
{<95°F) the patient should be warmed.* The best way is to use an adult's body heat in the "Kangaroo
technique": the mother lies down supine, and the infant is placed on the mother's chest. against her skin. and
covered with the mother's clothes and blankets. If the mother or another willing adult is not availahle. the

child can be warmed by wrapping in blankets and placing a Iamp3 over (but not touching) the child's bods .
Hot water bottles are dangerous and should not be used.

Rectal temperalure must be measured every 30 minutes during re-warming wih a lamp. as the child

may rapidly become hvperthermic. During rewarming, temperature under the arm is not a satistactory anide
1 body temperature.

Al fypothermic children must also be treared Jor hypoglyeaemia (see Section 4.2) and for serivus
systentic infection (see Section 4.6) .

4.4 Dehydeation and septic shock

.

Dehydration and septic shock are difficult to differentiate in a child with severe malnutrition. Both
show signs of hypovolaemia. and the effects progressively worsen if treatment is not given. Dehydration
progresses from "some" to "severe”, reflecting 5-10% and >10% weight loss, respectively: whereas septic
shack progresses from "incipient” to "developed”, as blood flow to vital organs decreases® Moreaver. in

many cases of septic shock there is a history of diarrhoea and some degree of dehydration. giving a mixed
clinical picture.

111 Diagnosing dehydration and septic shock
Many signs normally used to assess dehydration are unreliable in a child with severe malnutrition.

making it difficult or impossible reliably to detect dehydration or determine its severity, Moreover. many
signs of dehydration are also seen in septic shock. This has two results, (1) dehydration tends to be over-

Anincandescent lamp, not a Huorescent lamp.
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diagnosed and its severity over-estimated, and (2) it is often necessary to treat the child for hoilr dehvedration
and septic shock.

(a) Signs of dehydration that are not refiable in a child with severe mabnutrition include:

Mental state. The severely malnourished child is usually apathetic when left alone and irritable
when handled. As dehydration worsens the cl1i]c~i_,¥gp:'pgr¢ssi\'ely loses awareness. Hypogh caemia,
hypothernia and septic shock also cause reduced con;giqus;ness.

- ’ .

Mowth, tongue und tears. The salivary and lacrimal glands are atrophied. so the child usually i o

dry mouth and absent tears. Mouth breathing'also causes a dry mouth.

] £

Skin elasticity. The loss of supporting tissues and absence of subcutaneous fat make the skin ihin

and loose. It flattens very slowly when pinched, or may not flatten at all. OQedema. if present. may mask
diminished elasticity of the skin.

(b Useful signs of dehydration and/or septic shock include:

History of diarrhoea. A child with dehydration should have a history of watery diarrhoea. Small
mucoid stools are commaonly seen in severe malnutrition. but do not cause dehvdration. o child \isith siviny of
dehvdration. but withowt watery dicrrhoea, should be treated as having septic shock.

Thirst. Drinking eagerly is a reliable sign of "some" dehydration. tn infants this may be expressed
as restlessness.  Thirst is rror a symptom of septic shock.

Hypothermia. When present, this is a sign of serious infection, including septic  shock,
tty pothermia is nor a sign of dehydration.

Sunken eyes. These are a helpful sign of dehydration, but only when the mother says the sunken
appearance is recent,

IFeak or absent radial pulse. This is a sign of shock, either from dehydration or sepsis. As
hypovolaemia develops. the pulse rate increases and the strength of each beat is weaker. if the pulse in the
carotid. femoral and brachial artery are weak the child is near to death and must be treated urgently, -

Cold hands and feer. This sign of diminished circulation is seen in both dehydration ahd,seplic
shock. It should be assessed with the back of the hand. ‘

Urine flow. Urine Now diminishes as dehydration or septic shock worsens. In severe dehydration or -
fully developed septic shock, no urine is formed. ‘

The clinical features of dehydration and septic shock are compared in Table 3.

oo
Fable 5: Compared features of dehydration and septie shock in the severely malnourished child
i [ Somne | Severe | Incipient | Developed |



St e Levanrne lavciprem Doy
dehydration dehydration septic shock septic shoek
' o = —|-—:::.-
Watery yes YES YE5 01 N0 ves or ne
diarrhoea .
Mental stale restless, lethargy, coma apathetic’ lethargy
irritable”

s s e e
Sunken eves yes yes no no i
Thirsty drinks eagerlyh drinks poorly no drinks poorh
Cool hands/feet no” Y S5 A
Weak or absent no’ yes yes ves

radial pulse
Urine flow yes no ves no
Hypoglycaemia YES O No yes or no VES Or N0 ves or o
Hypothermia 1o no yes or no" ves or no' i
! Signs that may be usclut in diagnosing septic shock
' Signs that may be usetul in diagnosing dehydration
[ -
[f confirmed as recent by the mother
‘

(c) Other features of septic shock

With incipient septic shock, the child is usually timp, apathelic and profoundly anorexic, but is
neither thirsty nor restless,

Wilh developed septic shock, superficial veins, such as the external jugular and scalp veins, are
dilated rather than constricted. The veins in the lungs may aiso become engorged, making the lungs stifter
than normal. For this reason the child may groan, grunt, have a shallow cough and appear to have difficults
breathing. As shock worsens the child develops kidney, liver, intestinai or cardiac failure. There may he
"cotfee ground” vomiting, blood in the stool, and abdominal distension with a “splash" and intestinal fluid
tevels on X-ray. When a child reaches this stage, survival is unlikeiy

442 Treatment of dehvdration _ . o
. - : g

Whenever possible, a dehydrated child with severe malnutrition should he rehydrated orafly. /1

infusion easily causes overhydration and heart failure. 1t should be used only when there are definite siens

ot shock.
() Oral rehydration solution for severely malnourished children

Fudl strength ORS sofution should not be used. As total body potassium is low and total sodium is
high. the rehydration solution shouid contain less sodium and more potassium than standard WHO ORS

solution. Magnesiun, zine and copper should also be provided to correct deficiencies of these minerals. The
composition of the recommended solution (named "ReSoMal"} is given in Table 6.

16



Table 6: Composition of oral rehydration solutien for
severely malnourished children (ReSoivial)

Component Concentration per litre

Glucose 25 mmol

Sodium 45 mmol

Potassium 40 mmol

Chloride 76 mr"0|..... Ere e b
e

Magnesium > 6 mmol

Zinc 300 pmol

Copper 45 umol

Osmolarity 300 mmol

)
ReSoMal is made by diluting one standard WHO ORS packet in 2 firres of water. instead of 1 Ihre.
and adding the following:
n 50 g of sucrose (25 g per litre) and
(2) , 2 packets of "mineral mix"’ or

; 40 ml (20 ml/litre) of concentrated mineral mix solution
tAppendix ).
This process is summarized in Table 7.

L]
Table 7: Preparation of ReSoMal
T Ingredient Amount
~ Standard WHO-ORS one |-fitre packet
Mineral mix solution® 40 ml
Sucrose (cane sugar) - 50¢
Water 2 litres
®or two

packets of mineral mix salts

{h) Anount of ReSoMal 1o give

Mineral mix packets contain the salis needed to prepare ReSobal from diluted ORS. The same salts are also added 1o the
child's tood (see Section 4 5 and Appendiy -1,



Between 70 and 100 ml of ReSoMal per kg body weight is usually enough to restore normi
Indration. Give this amount over 12 hours, starting with about 10 mi/kg per hour for the first two hours. and
then giving 5 mbkg per hour. This rate is slower than for children wha are not severelv malnourished.
Reassess the child at least every hour, The exact amount to give should be determined by how much the
child will drink, the amount of on-going stool loss, and any signs of over-hydration. especially stgns »f
heart failure. ReSollal should be stopped if: (1) the respiratory rate increases. (2) the jugular veins become
full, or (3) there is increasing abdominal distension.

Rehydration is completed when the child is no longer thirsty, urine is passed and any other signs »f
dehydration have disappeared. Fluids given to maintain hvdration should be based on the amount of
ongoing stool losses and the child's willingness to drink. As a guide. after each loose stool give a child tess

than two years old 50-100 ml (a quarter to half a large cup) of ReSoMal. Continue this treatment nnil
diarrhoea stops.

{c) How to give ReSoMal

A child who can drink should be given 4-5 ml of ReSoMal every few minutes by spoon. However.
malnourished children are weak and quickly become exhausted. so they may not continue to take enough
fluid voluntarily. When this happens, give ReSoMal as a drip by NG tube at the same rate as orally. An Nis
tube should be used from the start in all weak or exhausted children, and in those who vomit. have a rapid
respiratory rate or painfid stomatitis,

(d) Intravenous rehydration —

§
The only indication for IV infusion in a severely malnourished child is circulatory coilapse caused
by severe dehydration or septic shock. Use one of the tollowing solutions (in order of preterence):

(n half-strength Darrow's solution with 3%% dextrose.
(2) Ringer's lactate solution with 5% dextrose' . or

e . . ns ]
(K))] 0.45% (half-normal) saline with 3% dextrose'.

Ciive |3 ml/kg IV each hour for two hours and monitor the child carefully for signs of overhydration. While
the 1V drip is being set up, also pass an NG tube and give ReSoMal through the tube (10t mikg per hour),
After two hours, discontinue the 1V infusion and continue rehydration vrally or by NG tube as described
above. At this time the child should have a strong radial pulse. {f the radial pulse is still absent septic shack
is likely and turther reatment should follow guidelines for that condition (see Section 4.4.3).

{¢) Feeding during rchydration

Breast-feeding should be offered every half hour without interruption. Begin to give the F-73 dict
as soon as possible, orally or by NG tube, usually within 2-3 hours after starting rehydration {see amounts in
Table 9). ff the child is ulert and drinking, give the diet immediately, even before rehvdration is complered
Usually the diet and ReSoMal are given in alternate hours. [f the child vomits, give the diet bv NG tube.
When the child stops passing walery stools, continue feeding, as described in Section 1.3,

If possibie. add 20 munol/ of sterile KCIL



4.4.3 Treatment of septic shock

Any severely malnowrished child with signs suggesting incipient or developed septic shock. should
be meated for septic shock. This includes especially children with: (1) signs suggesting dehydratlon.‘hm
without a history of watery diarrhoea, {2) hypothermia or hypoglycaemia, and (3) oedsma and signs
suggesting dehydration. - :

Every child with septic shock should immediately be given broad spectrum antibiotics (see Section

4.6) and be kept warm to prevent or treat hypothermia (see Section 4.3). The child should not be handled

any more than is essential for treatment. Nor should the child be washed or bathed; his or her bottom can he
cleaned with a damp cloth. Iron should not be given. Other treatment is described below.

(a) Additional treatment of incipient septic shock

The child should be fed promptly, using the F-75 dict with added mineral mix. This will preyent
hypoglycaemia. As these children are nearly always anorexic, F-75 must be given by NG ube, The amounts
10 be given and frequency of feeding are shown in Table 9.

) Additional treatment of developed septic shock

First, attempt to correct shock with an [V infusion using one of the fluids listed above. Ciive 13
mlrkg per hour. Observe the child carefully (every 5-10 minutes) for signs of overhvdration and heant
failure (see Section 4.9). As soon as the radial pulse becomes strong and consciousness returns. rehydration
should be continued orally or by NG tube as described in Section 4.4.2 (d). If signs of heart failure devclop
or the child does not improve after two hours of 1V therapy, give a blood transfusion {10 ml/kg stowly over
at least 3 hours). If blood is not available, give plasma. If there are signs of liver failure (purpura, jaundice.
enlarged tender liver) give a single dose of vitamin K,, I mg intramuscularly. '

During the blood transfusion nothing else should be given oralfy or [V, There is a substantial rish
that the transfusion will cause heart failure. If there is any sign of heart failure (distended jugular veins.
increasing respiralory rate or respiratory distress), give a diuretic and slow the rate of transfusion {sce
Section 4.9). Steroids, adrenaline or nikethamide are of no value and should never be used.

After the transfusion, begin to give F-75 diet by NG tube (see Table 9). If a child develops
increasing abdominal distension or has repeated vomiting, give the diet more slowly. [f the problem dies
not resolve, stop the NG feeding and give one of the IV fluids listed above at a rate of 2-4 mi/kg per hour.
Alsu give 2 ml of 50% magnesium sulphate solution intramuscularly (see Section 4.5.3).

4.5 Dictary treatment

Children who do nol require other emergency treatment, especially for hypothermia, dehydration or

septic shock, should intmediately be given a formula diet. Mothers should continue to breast-feed regardless
ot other toods and treatments. '

4.5.1 The basic formuta diets



Almost every severely malnourished child has infection, tiver and intestinal dyvstunction. and
clecirolyte imbalance when first admitted to hospital. Because of these. the child does not tolerate the sl
amounts of dietary protein, fat and sodium. It is important, therefore, initially to give the child a diet that 1
low in these ingredients. and high in carbohydrate. The daily requirements of the severely malnourished
child are given in Appendix 5.

Two formula diets are used for severely malnourished children. The first, F-73 ¢75 keals 100 mh 13
used during the initial phase of treatment. The second, F-100 (100 keal/100 b, is used during the
rehabilitation phase. after the appetite has returned. These forinulas can be purchased as a pmwdcr“ that is
simply mixed with water, or they can easily be made in a hospital kitchen from the hasic ingredients: cereal
Hlour, dried skim milk, sugar, oil, mineral mix and vitamin mix (Table 8). The recipe for the virumin mix is
in Appendix 4.

The mineral mix supplies potassium, magnesium and other essential minerals: it nust he added to
the diet. The potassium deticit, present in all mainourished children, adversely attects cardiac function and
zastric emptying. Magnesium is essential for potassium to enter cells and be retained. Preparation o
concentrated mineral mix solution is described in Appendix 4.

Table 8: Composition of liquid diets

F-75 diet
Ingredient Amount"?
Dried skim milk 25 g '
Cane sugar 60 ¢
Qil W0¢g
Rice flour or 60 g
other cereal
Hour
Mineral mix 20ml’ : i
Vitamin mix see Appendix 3 |
Water to make 1000 m|
¥
F-100 diet
| Tngredient | Amouut I

Mutriset. Mislaunay, Frince

Mix milk powder, sugar, oil and flour in 700 ml water. Boil for $-7 minutes. Cool. dissalve mineral mix and vitamins, and
add water to make 1000 inl. :
1
i



Dried Skim Milk 30 g

Cane sugar g

Ol 60 g
Mineral mix 20 mf®
Vitamin mix see Appendix 3
Water ' to make 1000 ml

' or one packet of mineral mix salts per litre

4.5.2 Feeding on admission

To avoid overloading the intestine, liver and kidney, it is critical that food be given frequenth cond
in small amownts. Children too weak to eat should be fed by contintous NG drip {(do nor use [V feeding)
Children who can eat should be given the diet in hourly, two-hourly or three-hourly portions, day and night.
If vomiting oceurs, give smaller feeds more frequently. '

The F-75 diet is advised for all children during the initial phase of treatment. The child should be
aiven at least 80, but not more than 100, keal/kg per day. If less than 80 kcal/kg per day are given. the child
will continue to break down his or her own tissues and will deteriorate. 1f more than 100 kcal/kg per dav are
given, the child may develop a serious metabolic imbalance. The volumes of F-75 needed for 1-, 2- and 3-
hourly feeds for children of various weights are given in Table 9.



Table 9: Amount of diet to give at each feed to achieve 10 keal/ke per day

Weight Volume of F-75 for Volnme of F-101 for ]
of child each feed (mi) _ each feed {ml) i
(kg) | '
, every hour every2hi | every3h every 2 everv 1y everv1h
(24 feeds) | (12 feeds). | (3 feeds) (12 feeds) (8 feeds) {6 feeds)
2.0 T 21, 32 6 | A T T e
35 3_ 3 27 40 20 a0 10
.......... e R g G v
3.5 19 37 56 28 12 36
i T e I S e R S
45 24 48 7 36 34 2 :
5 s 53 B e R
55 2 59 88 14 66 88
.......... g gl i |
6.5 35 69 104 32 7R my
| g ey g g
15 40 80 {20 60 90 1o
.......... e R R e et L o+ S
8.5 45 9] 136 68 102 36
T T G g ey e L8
......... CAE NN NN LS NOSRULALL Y NURLE” SO LT AL S R L
100 53 107 160 80 1A T e

Example 1 1fa 7.0 ka child is given F-75 every hour. each feed should be 37 ml.
Example 2: 1f a 4.5 kg child is given F-100 every 3 hours. each faed should be 54 ml.

Nearly all malnourished children have poor appetites when first admitted to hospital. Patience and
loving care are needed to gently coax the child to complete each feed. Feed the child from a cup and spoon:
feeding bottles should never used. even in very voung infants. While being fed. the child should always he
held securely in a sitting position on the attendant's or mother's lap. Childien should never he left alone in
bed to feed themselves, because they usually do not eat well.

.33 Naso-gastric feeding

Despite coaxing and patience, many children will not take sulficient diet by mouth during the tirsi
few days of treatment. Connmon reasons include very poor appetite. weakness and paintul stomatitis. Such
children should be fed by NG tube. However, NG feeding should end as soon as possible. At each feed. the
child showld first be offered the diet orally, even though a tube is in place. After the child has taken as much
as he or she wants, the remainder is given by tube. When the child is taking thiee quarters of the day’s dicl
orally. or takes two consccutive feeds fully by mouth, the tube should be removed. If nver the next 24 hours

o



the child fails to take 80 kcal/kg, the tube can be re-inserted. If the child develops abdominal distension
during NG feeding, give 2 ml of a 50% solution of magnesium sulphate intramuscularfy.

4.5.4 Feeding after appetite improves

The child's appetite is a harometer of progress: if it improves. the child is being successtufly
treated. The initial phase of treatment ends when the child becomes hungry. This indicates that infections
are coming tnder control, the liver i§ able to metabolise the diet, and other metaholic ahnormalities are
much improved. The child is now ready to begin the rehabilitation phase. This usually accurs after 2 to 7
days. Some children with particularly complicated problems may take longer: whereas others are hunen
from the start and can immediately be fed following guidelines for rehabilitation {see Section *.2). It
should be emphasized that it is the child's appetite and general condition that determine the phase
reatment and not the length of time sincé admission.

As soon as the child is taking 100 kcal/kg per day of F-75 oraily. the diet should ke changed 10 F-
100, but intake should remain at 100 kcal’kg per day until steady weight gain is established (zee Secticn
5.2). The amiounts of diet to give are shown in Table 9. All children receiving F-100 diet should he otfered
additional water between feeds. '

4.3.5 Milk intolerance

Clinically significant milk intolerance is unusual in severely malnourished children. [utolerance
should be diagnosed only if copious watery diarrhoea occurs promptly after milk feeds are beaun, the
diarrhoea clearly improves when milk intake is reduced or stopped. and it recurs when the child s given
milk a second time. In addition, faecal pH is <5 and there are increased faccal reducing substances. In such
cases, milk should be partially or totally replaced by another liquid food {see Section 7.3.2.a) Retore the

child is discharged, milk feeding should be attempted again to determine whether the intolerance has
resolved.

4.3.6 Recording food intake

The type of feed given, the amounts offered and taken. and the time of dav must be charted
accurately after ench feed. 1t the child vomits. the armount Iast should be estimated in refation to the size of
the feed, for example, a whole feed, half a feed, and so on. and deducted fram the total intake. Once a day
the caloric intake for the past 24 hours should be determined and compared with the child's weight. 1f this
shows the child has taken less than 80 keal/kg, more should be aiven. 1f maore than 100 kealikg have been
eiven, the amount for each feed should be reduced. A tvpical feeding chart is shown in Figure 3,

4.6 Infections

4+.6.1  Bacterial infections

Nearly all severelv matnowrished children have hacterial infections when first addmitted 1o hospatal.
Many have several infections caused by different organisms. Infection of the lower respiratory tract is
especially common. Althongh signs of infection should be caretully sought when the child is evaluated.

A-0q066b



L)

thev are often subtle or absent. Unlike well nourished chifdren with infection. who react with feser nd
inflarnmation, malnourished children with serious infections may only become apathetic or drowsy.

Early treatment of bacterial infections with effective antimicrobials improves the nutritional
response to feeding, prevents shock and reduces mortality. Because infections are so commoen and also
difficult to detect, all children with. severe malmurition should routinely receive hrowd-specnm
antimicrobial treatment when first admitted for care. Each institution should have a policy en which
antimicrobials to use. These are divided ‘into first-fine treatinent. given routinelv to all seversiv
malnourished children, and second-finé treatment, used when a child is not improving or a specific infection
is diagnosed. Although local conditions of bacterial resistance patterns. antimicrobial availabilits and cost
will determine the policy, a suggested scheme is given below.

(a) First line treatment

)] For children swithont suspected infection:
~ Cotrimoxazole .oral
(2) For children with  septic  shock.  sedematons

malnutrition, hypothermia, hypoglycaemia or suspected serious infection:
Penicillin, 2 days IM_ then oral. onid
Gentamicin, IM
{b) Second line treatment
(N : For children not improving with penicillin  and
gentamicin, or with suspected meningitis, add:
Chloramphenicol, oral, o
Cefotaxime, IM
(2) For children with dvsenterv, adk:
Nalidixic, oral

See Appendm 6 for antimicrobial dosage. L.ength of treatment fepends upon the respoanse »f the
child and his or her nutritional state. Usually, antimicrobials are continued at least S davs, aned nntil the

child regains appetite and starts to gain weight. When there is steady weight gain for 3 davs they shonld e
stopped.

If specific infections are detected for which another treatment is needed, for example candidiasic.
malaria or intestinal helminthiasis, it should also be given {see Scction 7 3). Vuberculosis is common. bt
anti-tuberculous drugs should be given only when tuberculosis is diagnosed.

1.6.2  Measles and other viral infections

Measles vaccine should be given to every malnourished childt when admitted to haspital, 'his
protects the hospitalized child from infection, and the associated high mortaity, that might otherwise be
introduced by a newly admitted child who is incubating measles. A second dose of vaccine should be given
before discharge.

There is no specific treatment for measles. disseminated herpes or other systemic viral infections.
FHlowever, most children with these infections develop secondary systemic hacterial infections and septic



shock. which must be treated as described in Section 4.4.3. Symptomatic treatment of measies ineludes
antipyretics for temperatures over 39.5°C (103° F) and moistened air for cough.

1.7 Vitamin A and other vitamin deficiencies

Severely malnourished children are at a high risk of developing blindness due to vitamin \
deficiency. For this reason vitamin A should be given routinely to all malnourished children on admission.

Start treatment immediately, giving ldtge doses of vitamin A on the first two days. Before discharee
give 2 third dose. Intramuscular treatment is preferred at the beginning in children with severe anorexia,
oedematous malnutrition or septic shock; oral treatment is satisfactory for others. Water miscible retiny|
palmitate should be used, if possible. The treatment schedule is given in Table 10.

‘ Great care must be taken during examination of the eyes, as they easily rupture in chilibon with
vitamin A deficiency. The eyes should be examined gently for signs of xerophthalmia. corneal wrinkling.
dullness, xerosis and ulceration, and keratomalacia. If there is ocular inflammation or niceration. protect the
eves with saline soaked pads. Tetracycline eye drops (1%) should be instifled 4 times a dav until all siens ot
inflammation or ulceration resolve. Atropine eye drops should also he applied and the eve <houdd he
bandaged, as scratching with a finger can cause rupture of an ulcerated cornea. Mare details on the
management of vitamin A deficiency are given elsewhere.”

Table 10: Treatment of clinical vitamin A deficiency
for children 12 months or older'

- Retinyl [ Retinyl [ International”
palmitate acetate mmits™
Davs 1and | 55 mg IM BmgM 1000 LM !
2 or or or
110 mg oral 66 mg ord 200,000 1L} aral
Discharge 110 mg oral 66 mg oral 200,000 1 oral

Pitamin oA deficiency and its conseguences. A fleld grick: 1o detection and controf, Theid edition, 1995 WL Cenesa
Children 6-11 months shoufd be given one half the dose shown and thase les than & monthe one quarter of the die,

The International Unit (11} of vitamin A was discontinued in 1934, but its use persisis, particubarly in the Iahelling af capstiles
and injectable preparations,



All malnourished children shonld receive 3 me todi
acid orally on admission. Many children are also deficient in riboflavin. ascorhic acid. pyridoxine, thiamine
and the fat soluble vitamins D. E and K. All diets should be fortified with these vitamins by adding the
vitamin mix (Appendix 4).

4.8 Very severe anaemin

[f the haemoglobin concentration is less than 40 g/l (4g/100ml) or packed cell volume (hacmatocrit
less than 12%. the child has very severe anaemia, which can cause heart faiture. Children with very severe
anaemia need 2 blood transfusion. Give 10 m| packed red cells, or whole blood, per kg bady weight s/
over 3 hours. If there are signs of heart failure (see below), blood should be withdrawn (2.5 mlikg) befors
the transfusion is started and at hourly intervals during the transfusion so that the total volume renes edf
equals the volume transfused. Where testing for HIV and hepatitis B is not possibie. transfusion shotld I
given only when haemoglobin falls below 30 g/l (or below 10% haematocrit). or when there are sions of
life-threatening heart failure. Do nor give iron during initial treatment. as it can have toxic effects and can
reduce resistance to infection.

4.9 Congestive heart failure

This is usually a complication of over-hvdration {especially when an 1V infusion or standard s
solution is given), very severe anaemia, blood or plasma transfusion, or giving a diet sith a hieh sodimm
content. The first sign of heart failure is an increasing respiratory rate (>40/min up to 2 vears: >30/min
above 2 years); treatment should be started when this occurs. ater signs are respiratory distress. rapid
pulse. venous engorgement. cold hands and feet, and cvanosis of the finger 1ips and under the toneue. Heart
failure must be differentiated from respiratory infection and septic shock. It is uselit) to recall that these
usually occur within 48 hours of admission, whereas heart failure usually occurs somewhat fater,

. . B - . 14
When heart failure is caused by fluid overioad the following measures ” should be taken:

(a Stop aff oral intake and 1V fluids: the treatment of heart failure takes precedence over feeding thy
child. No fluid should be given until the heart failure is improved. even if this takes 21 or 18 hours,

. . .o 17 . N .

{b) Give a diuretic intravenously.'” The most appropriate choice is furosemide (| mg-ka).

(e} Do not give digitalis unless the diagnosis of heart failure is unequivocal (jugular venons pressuare is
elevated) and the plasma potassium level is known to be nermal, In that ease, microgram:ikg body
weight of digoxin may be given intravenously as n single dose. or orally if the 1V preparation is pet

available,

4.10 Dermatosis of kwashiorkor

th . . . . . . oy .
There is no reparted expurience in malnourished children with ACE inhibitors or other diugs nsed o treat heart ailure

Diuretics should never he used to reduce gedema.

20



This is characterized by hypo- or hyperpigmentation. shedding of skin in scales or sheets. and
ulceration of the skin of the perineum, groin, limbs, behind the ears and armpits. There mav e widespread
weeping skin lesions which easily become infected. Spontaneous resolution oceurs as nutrition improves,
Atrophy of the skin in the perineum leads to severe napkin dermatitis. especially if the child has diarrhoeen,
The perineum should be left exposed to dry without napkins: if the perineum becomes colonised with

candida, it should be treated with nystatin gintment or cream and the child should be given rral nystatin
(see Section 7.3.2.ed. In other affecféud"éreas, applymg zinc and castor oil ointment, petrolenm jellv or
paraffin gauze dressings helps to relieve pain and prevent infection. The zinc supplement contained in the

mineral mix is particularly important in these children, as they are usually severely deficient.

Bathe the affected areas in 1% potassium permanganate solution for 10-15 minutes dailv. This dries
the lesions, helps to prevent loss of se serum, and inhibits infection. Povidone ointment (10°4; Beiadine) can
also be used. It should be used sparingly. however, if the lesions are extensive. as there is significant
systemic absorption

All children with this problemt should receive svstemic amtibiotics (see Section 4 6,

5. REHABILITATION

A child enters the rehabilitation phase when « good appetite returns. No child who is being tube
fed is yet in the rehabilitation phase.

5.1 Principles of management
The principal tasks during the rehabilitation phase are to:
(1) encowrage the child to eat as much as possible,
(2) stimuldate emotional and phvsical development. and
(3)  prepare the mother to continue to care for her child after discharge.
The child should remain in hospital for the first portion of the rehabilitation phase. When o ehild

[ulfils afl the criteria in Table 11 the child can be transferred to an NRC. This is often 2.3 weeks alter
admission to hospital.

Tabte 11: Criteria for transfer to a Nutrition Rehabilitation Centre

Eating well

Mental state has improved: smiles. responds to stimuli. interested in surroundings
Sits. crawls. stands. or walks (depending on age)

Normal lemperature :

R



" Appendix 2

Composition of Milk-Cerea! Diet (Milk-Suji)
'

Ingredients/litre : Milk Suji
Full cream milk powder ’! 40g

Rice powder i 40g
Sugar [ 25¢

Oil (Soya) ¢ 25g
Magnesium chloride ' 05g
Calcum 2g K
Energy (kcal/100 ml) o 67
Protein (g/100 ml=l) : ‘ 1.4

ciNahring\protocalimodified OR S
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Message No.: Page | of 1 pages Date: 28 April 1997

From: Dr Olivier Fontaine, CHD/HQ To: Dt N. Dewan, ICDDR, Bangladesh

Your ref: Fax No.. 8802883116

Our ref '

Originator: Subject: EFFICACY OFM OMFIED ORAL
REHYDRATION SOLUTION IN
SEVERELY MALNOURISHED
CHILDREN WITH WATERY
DIARRHOFA

Dear Dr Dewan,

 refer to your research proposal entitled “Efficacy of modified oral rchydmtioﬁ solution in severely
malourished children with acute diarrhoea™ \:vhich has now been revicwed by our external advisers. .

Qur external advisers believed that the topic of your proposal was in an important area and agreed to provide
US$53,200 for the first year of the project, subject to your agreement and answers to tlie following suggestions
and comments: o

1. The power of the study to detect differences between ticatment groups in the incidence of hyponatrenma
and over-hydration should be provided. In addition, primary outcome varinbles include changes in ‘
extracellular fluid and total body water, which are proposed to be measured in a subsample. The power of the
study to detect differences in these changes should be clearly stated.

2. Body weights should be measured every 6 hours for the first 24 hours and every 24 hours thereafter.
3. The definitions of hypoglycemia, hyponatremia and severe pneumonia should be provided.

4+ The blinding of tho study shovld be described in more detail

5, Finally, in the data analysis section of the proposal, the anthors are mentioning that “‘In addition,

multivariate malysis will be done...”, This statement is not clear and most probably reflects inadequate
understanding of multivariate analysis. This should be clarified and described in mote details.

We would appreciate yonr sending us your anssvers 1o these comments and suggestions in a letter (fax). Upon
receipt of this, and provided the required ethical and administrative clearances within WHO are obtained, a
Technical Services Agreement for US$53,200 should reach you in the near future for your signature.

With best wishes. - "

-
e o

1 ol

Dr Q. Fontaine



{
H

Answer to question of WHO Reviewer's on the protocol entitled "Efficacy of modified oral rehydration
solution in severely malnourished children with watery diarrhoea”

Ans. to Question No. 1

The incidence of hyponatraemia in the study group (modified-ORS group) is assumed to be 20% as
compared with 2% in the control group (WHO-ORS). Considering 5% level of significance and 80%
power, the sample size is calculated as 44. Considering 20% drop out, the final sample size in each group
will be 53. t

The incidence of over hydration in the WHO-ORS group is assumed to be 20% as compared with 2%
in the modified-ORS group. Considering 5% level of significance and 80% power and 20% drop out the
final sample size will be 53,

The documentation of the changes in extracellular fluid and total body water by BIA methed is largely
exploratory. So, we consider these to be secondary outcome variables.

Ans. to Question No. 2

We agree to measure body weights of every 6 hours for the first 24 hours and every 24 hours there after.
§ L

Ans. to Question No. 3

The definition of the conditions you mentiioned are as follows :

a Hypoglycaemia will be defined as blood glucose =3 mmol/L '
b. Hyponatremia will be defined as serum sodium < 130 mtol/L
c. Severe pneumonia

Patients aged 6 m - 12 m '

- respiratory rate > 50/minute with chest indrawing
Patients aged 13 m - 36 m

- respiratory rate > 40 with chest indrawing (WHO guideline)

Ans. to Question No. 4

The randomization technique and assignment of the ORS are described in the text. Since the three oral
rehydration solution will be clear fluid, and the randomization technique should take care of the blinding
of the study.

Ans. to Qliestion No. 5

The statement "In addition, multivariate analysis has been deleted from the text."

All of the above corrections and informations have been incorporated in the protocol.



