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SUMMARY

The mortality, and recovery, of 11,287 severely malnourished patients (8484 children) from 20

centres in 13 African countries experiencing grave nutritional emergencies, between 1993 and

1998, were studied.

Standardised protocols, based upon a 1994 draft of the recently published WHO manual on the

management of severe malnourished patients, were adapted to treatment of large numbers of

patients in resource poor settings. International nurses were trained.  They recruited and trained

local staff in the field and introduced the protocol. Each patient’s anthropometric, dietary and

clinical data were recorded on a single printed A3 sheet, the “fiche”, which was the main tool

used for both clinical management and data analysis. These data were supplemented by detailed

monthly reports, which was the main tool used to manage the centres, maintain quality control

and help interpret the data. Anthropometric measurements, clinical signs and outcome were

analysed. Computer programs were written to analyse the observed and expected mortality in

relation to variations in management and clinical features. The Cusum of observed to expected

death was used to identify when changes in mortality rate occurred and relate these to changes in

the protocol or management of the centre. The weight gain was analysed.  These data were

collected under “real-life” emergency conditions and not part of a specific research study.

The overall case fatality rate was 11.7%.  It was highest for infants and adults and lowest for

juveniles. The mortality rate was lower in residential Therapeutic Feeding Centres than in Special

Nutrition Units in hospitals. It was especially high in Uganda.  Mortality was also high in

Burundi, but only at the height of the emergency with gross overcrowding, epidemic cholera and

insecurity (Maramvya).  Excess mortality was unusual during the 3 days following admission;

after which there was an excess mortality, which in Uganda amounted to half of the deaths.

Analysis by the time of minimum weight showed that most of these children gained weight

shortly before death. This was interpreted as excess fluid retention, probably leading to death

from heart failure. This was supported by: 1) analysis of an unforseen error in Gao, Mali, where

free access to rehydration fluid during early recovery led to 22 excess deaths: 2) consideration of

the differences between the TFCs and SNUs, where the major difference in treatment was the

frequent clinical diagnosis of dehydration with excessive use of infusions and “rehydration” in

the SNUs: 3) in those sub-Saharan centres, where the shape of the weight-gain curve of survivors

showed a rapid early weight gain (fluid retention), there was an excess mortality: 4) children with
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clinical features associated with a risk of heart failure, in particular anaemia, were at greatly

increased risk: and, 5) children with a high body sodium (oedematous) were at much higher risk

than marasmic children, and the risk increased with the degree of oedema/sodium retention (a

finding confirmed by analysis of data from TMRU, Jamaica).  The main cause of a change in the

mortality rate in a centre was a change in the staff nurse in charge and her level of training and

experience. Consideration of the differences in management thereby introduced led to the

conclusion that 1) the major features of the protocol, the diet and the products used, had little

effect upon mortality and 2) there are critical contributors to mortality that have yet not been

adequately described, incorporated into guidelines and emphasised in training.

There were differences in the relative rates of weight gain between centres and between those

with kwashiorkor and marasmus depending upon how the weight gain was calculated.  On

theoretical grounds it is suggested that, for comparative purposes, this is best calculated by linear

regression over 15 days using the ideal weight as the divisor. The weight gain was higher with

F100 than with High-Energy-Milk.  It did not vary consistently between 24h and day care. As

high, or higher, rates of weight gain were observed, inconsistently, in juveniles, adolescents and

adults as in children.  The cumulative weight gain followed a power curve of the format: weight-

gain = a*dayb.  The shape of the curve was different between children recovering from

kwashiorkor and marasmus. In each of the centres, the rate of weight gain was more than

10g/kg/d (conventional calculation) on a diet containing 100kcal/100ml, and was higher than

achieved in research units where feeds of a higher energy density are used. There was no

relationship between the actual rate of weight gain and mortality rate.  This gives no support to

using weight gain as the primary way of assessing the efficiency of the management of severe

malnutrition.

It is concluded that detailed analysis of data collected prospectively in real-life service settings

can lead to major improvements in the management of severe malnutrition.  All the diets seem to

be satisfactory in terms of weight gain.  With the new tools to assess expected mortality, attention

should now be focused on ways to reduce mortality.  In particular, the misdiagnosis of

dehydration and the inappropriate administration of saline solutions to severely malnourished

children, as well as early overfeeding, seem to be responsible for many avoidable deaths.  This

aspect of treatment is not emphasised in any current guideline, training manual or textbook.
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INTRODUCTION

1. Malnutrition

1.1. Poverty, stunting and wasting

For the humanitarian world, widespread malnutrition is related to famines and forced migrations,

often caused by civil wars or crop failure, leaving people throughout the world fighting for

survival and unable to cope adequately (Passmore, 1951). In an emergency, malnutrition is

recognised as one of the principal causes of mortality. However, degrees of malnutrition have

been characterised as ‘trailing indicators’ (Toole and Waldman, 1988). In fact, they are a late

manifestation of nutritional stress in a community. Acute respiratory infections, diarrhoea

diseases, malaria, measles, and malnutrition are the causes of most reported deaths in emergency

situations.

Largely unobserved “silent” famine occurs in Africa in non-emergency situations, where poverty

and a failure of basic capabilities (Drèze J. and Sen, 1989) are linked with illiteracy, inadequate

sanitation, poor personal hygiene, insufficient access to health structures, overpopulated cities,

the lack of variety of food (Golden, 1991). Malnutrition is a manifestation of many underlying

social, economic and political causes (Currey, 1992); it is part of a continuous process of discrete

events.

Health data from Africa should be considered with caution as collecting systems often have a

limited coverage and accuracy. Using the WHO Global Database on Child Growth, De Onis M. et

al (1996) have concluded that the prevalence of wasted children is far higher in Asia and in

Africa than in South America.  Mali, Kenya, India and Vietnam have a prevalence of wasting of

more than 8 %, while there are no data from war-torn countries like Somalia, Liberia or Angola.

The prevalence of wasting is likely to be much higher in a war situation. Thus the overall

prevalence for Africa is almost certainly underestimated by the WHO global database.

Pelletier (1995) asserts that the conventional methods of classifying causes of death

underestimate the role of malnutrition in child mortality, despite the long recognised synergism

between malnutrition and infectious disease. The results from 53 developing countries with

nationally representative data on child weight-for-age (WA) indicate that 56 % of the child deaths

could be attributed to malnutrition. This analysis confirms that malnutrition has a far more
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powerful impact on child mortality than is generally believed. The United Nations (1997)

recognised that malnutrition is associated with 54 % of the 11.6 million annual deaths amongst

children below five.

According to Golden's concept of type I and II nutrients (Golden, 1996), the lack of variety in the

diet leads the child to be deficient in several nutrients. A poor appetite, and consequently a low

energy intake, is usually caused by habitual diets that are deficient in one or more of Golden's

type II nutrients and hence to stunting and wasting.  Diagnosis of deficiency of Type II nutrients,

which give rise to growth failure, is particularly difficult because of the lack of a body store and

the non-specific nature of the response. As 'fellow travellers', it is usually impossible to say which

are the nutrients and, furthermore, there is insufficient data to establish human requirements of

many of these nutrients for normal people.

Various clinical names have been attached to children with an emaciated appearance, such as

marasmus, dystrophy, hypothrepsie and cachexia. However there are three generally recognised

clinical syndromes.

Golden (1991) described wasting as a severe deficiency over a short period with tissues’

catabolism associated with anorexia. The cause can be due to a type II nutrient deficiency, often

due to an un-replaced pathological loss of these nutrients, or infection. Thus, the underlying cause

is often the poor and monotonous diet of these impoverished countries which leads to anorexia in

the children, itself the harbinger of severe malnutrition (Briend and Golden, 1997).

Marasmus, kwashiorkor and nutrition dwarfism, often associated with poverty, deprivation and

infection are the clinical syndromes of severe malnutrition. They often coexist in the same

individual to give a mixed picture. Patients with classical marasmus have obviously lost weight

with gross loss of muscle and almost complete loss of subcutaneous fat. The classical face of the

marasmic child looks like an “old man”.  The clinical feature of the kwashiorkor syndrome is a

child with friable, discoloured hair who develops a typical skin rash, oedema and hepatomegaly.

In nutritional dwarfism, the child usually appears perfectly normal; it is only when the age of the

patient is ascertained that the short stature becomes apparent.  However the proportion of the

facial and development are less retarded than height.

1.2. Kwashiorkor or famine oedema: a controversy surrounds this disease

The history of malnutrition, and particularly of famine oedema and kwashiorkor illustrates how a

controversy can change the history of a disease.  Famine oedema in adults has always been
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considered not to be related to protein deficiency (Keys et al., 1945), in contrast to kwashiorkor.

In the studies during and after the war of 1939-45, in Europe (McCance, 1951) and America

(Youmans et al., 1933), famine oedema was considered to be a different condition from

nutritional oedema seen in the Third world.  The aetiology of famine oedema has been considered

to result from undernutrition due largely to a shortage of calories (Trowell et al., 1954) without

any relationship to kwashiorkor.  In 1933, Ciceley Williams described "A nutritional disease of

childhood associated with a maize diet" (Williams, 1933).  Her publication "Kwashiorkor" in the

Lancet (Williams, 1935) subsequently gave rise to worldwide interest. Intensive research into

childhood malnutrition was conducted between the end of World War II and 1970, whereas

research on famine oedema was all conducted before and during World War II (Trowell et al.,

1954).

As Waterlow (1992) has said, ‘names illustrated the history of their use’. And certainly an

historical review of the terminology illustrates its history. Dean considered the term “nutritional

oedema” as unacceptable because, to him it failed to differentiate two conditions he though of as

being of entirely different aetiology of famine oedema and childhood oedematous malnutrition,

which at that time was thought to be due to protein deficiency. Most textbooks subsequently

ascribe kwashiorkor to protein deficiency and marasmus to energy deficiency.  In contrast, for

Golden (1996), the term protein energy malnutrition (PEM) is best avoided, carrying all sorts of

false implications such as the idea that protein and / or energy deficiencies are the direct cause of

kwashiorkor.  Indeed, the diet of children who get marasmus does not seem to differ in protein

content from a kwashiorkor diet (Gopalan, 1968).  Therefore the name Severe Malnutrition (SM)

should be used instead of PEM, avoiding referral to the aetiology of the disease.

However, clinically, oedematous malnutrition is an acute illness and patients with nutritional

oedema are metabolically quite different from those with marasmus.  Golden and his co-workers

have suggested the theory that "kwashiorkor results from an imbalance between the production of

free radicals and their safe disposal," as an explanation of the pathogenesis. According to the free

radical theory, it is important that the major nutrients that participate in the prevention of damage

from free radicals are provided during the treatment of malnutrition.  Poor people leaving in

overpopulated areas, in a contaminated environment are likely to develop infections.  Outbreaks

of measles often play a major role.  Type I nutrients are crucial for the protection from free

radical damage, particularly selenium, vitamin E, carotene, vitamin A, vitamin C, riboflavin,

thiamine, and nicotinic acid.  When infection occurs, in a patient lacking these type I nutrients,

tissues damage, free radical production, leukotriene synthesis and cytokine release are stimulated
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and expose the patients to acute damage that produce oedematous malnutrition (Golden, 1997).

Golden would certainly qualify this disease as “pluricarential malnutrition”.  This brings us “full

circle” to the first descriptions of kwashiorkor in Latin America, where it was call “multiple

deficiency syndrome”.

1.3. Classification of malnutrition

Severe malnutrition is usually defined using anthropometric indicators (table 0.1.). Weight and

height, linked with age, are measured to derive the following indicators; height-for-age (HA),

weight-for-height (WH) and weight-for-age (WA).  Each indicator gives specific nutritional

information when compared to standard values of the National Centre for Health Statistics

(NCHS) based on the anthropometry of American children (NCHS, 1977).

WH is a measure of wasting, HA a measure of stunting, and WA is referred to as a measure of

'undernutrition' (Waterlow, 1948) and confuses both wasting and stunting together.  Because of

the clinical differences, WHO (1986) recommended that separate indexes should be based on WH

and HA, in place of the classical index, WA.  The enormous advantage of WH is that it is age-

independent (Waterlow, 1973).

The Mid Upper Arm Circumference (Ross D.A. et al., 1990) is widely used as a measure of

thinness, but it is also the most meaningful outcome measure to assess children from 6 to 60

months in terms of risk of death (Briend et al., 1986). As Briend recommended (Briend and

Wojtyniak, 1987), children with a MUAC below 110mm at age 6 to 60 months are considered at

particularly high risk of death.

Each index may be analysed in two ways and expressed either as Percentage of Median or as the

number of Standard Deviations (Z-score).  Z-score corresponds to the difference between the

observed measure and the mean of the reference population expressed in units of standard

deviation of the standard population (Gorstein et al, 1994). Percentage of Median is the ratio to

the measure and the median of reference expressed as a percentage. However, according to a

recent study (Prudhon et al., 1996), the WH index expressed as the percentage of median of the

NCHS is superior to the WH expressed as Z-score for the prediction of death.  Because the

percentage of median is commonly used in the field as the admission criterion in targeted

programmes, there seems to be no compelling reason to recommend the use of Z-score in feeding

centres.

In general for screening and diagnosis of the individuals, a dichotomous choice is made on the
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basis of a cut-off value, based on the sensitivity - specificity characteristics (Habicht, 1990).

Weight for height below 70% in percentage of Median (WHP)1 is commonly used as a cut-off

point to select SM.

Children whose WHP is below 70% of the median of NCHS reference values (termed "severely

wasted"), or who have symmetrical oedema at least on the feet (termed "oedematous

malnutrition") are considered as severely malnourished (WHO, 1999). The presence of oedema is

usually used to differentiate kwashiorkor and marasmus. Individual children can have both

conditions (and be stunted as well).
TABLE 0.1: CLASSIFICATION OF MALNUTRITION (WHO, 1999)

Well-nourished Mild
Malnutrition

Moderate
malnutrition

Severe
Malnutrition

(type)2

Symmetrical
Oedema

no no no Yes
(Oedematous
malnutrition)3

Weight-for-height 90 to 120%4

(+2 to -1 Z*)
80 to 89 %
(-1 to -2 Z)

70 to 79 %
(-2 to -3 Z)

< 70 %  (-3 Z)
(Severe wasting)5

Height-for-
age

95 to 110 %
(+2 to -1 Z)

90 to 94 %
(-1 to -2 Z)

85 to 89 %
(-2 to -3 Z)

< 85 %  (-3 Z)
(Severe stunting)

           * Z=Z-score

Stunted children are usually considered to suffer from a milder, chronic form of malnutrition,

with a height for age index of less than minus 3 Z-score.  They are better taken care of in the

community, than in special centres.  But their condition can rapidly worsen, with the onset of

complications such as diarrhoea, respiratory infections or measles and an increase in stunting is

common after a famine or a post emergency crisis, such as Somalia.

1.4. The treatment of severe malnutrition

In 1974, the Tropical Metabolism Research Unit in Jamaica produced a PAHO (Pan American

Health Organisation) guideline for the management of PEM (TMRU), which was subsequently

adapted by WHO (1982). In 1989, M. Golden developed a prototype diet, which was used in

Jamaica on a series of children in the Metabolic Ward, with measurements of body composition
                                                          
1 According to NCHS standard
2The diagnoses are not mutually exclusive. A child can have severe wasting and oedematous malnutrition, or severe wasting
and severe stunting, etc.
3 This corresponds to the definitions of "kwashiorkor" and "marasmic kwashiorkor"
4 Percentage of the median NCHS standard and Z-score. For weight-for-age and weight-for-height, one Z-score unit is about
10% of the median, except in children less than 6 months of age.  For height-for-age, one Z-score unit is about 5% of the
median.
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and biochemistry of the major nutrient markers being made longitudinally during recovery

(Morris et al., 1989). This diet was then changed to reduce its calorie density to 100 KCAL/100

ml but was otherwise very similar, and tested by Audrey Morris. She concluded that "The

proposed diet, MGM, has been shown to be an improvement over the existing ward regimen, Pel

A, and is suitable for use in malnutrition. It can be recommended for use in the ward, in

rehabilitation centres, and for rehabilitation in the home situation."

Subsequently, a draft of the management of severe malnutrition was written in November 1991.

WHO accepted the second major draft of this document, which included the MGM formula

renamed as F100, as its new guideline for the management of severe malnutrition in 1993.  M.

Golden made a draft of this document widely available to NGOs, in 1994.  Furthermore Golden

& Briend (1993) published a summary and the major points of the manual were included in a

publication in 1996 (Golden, 1996). Key points of the protocol include standardised use of

rehydration fluids, slower rehydration, deliberate feeding, and micronutrient supplementation.

The WHO manual was finally published in February 1999.

2. The setting: ACF, a Non Governmental Organisation specialising in nutrition

ACF (Action Contre la Faim) is a French NGO founded after the "sans frontieres movement".

During its first decade, ACF's major aim was primary health and nutrition assistance in non-

emergency situations. In January 1991, a new strategy was elaborated to follow the "sans

frontieres movement", linking nutrition and human rights. ACF wanted to be present where

human catastrophes were taking place, including both natural and political disasters such as wars,

famines or the displacement of populations. For this purpose, a nutrition department was created

in July 1991.

                                                                                                                                                                            
5 This corresponds to "marasmus" (without oedema) in the Wellcome clinical classification, and to grade III malnutrition in the
Gomez system, used for public health surveys.
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HYPOTHESIS AND OBJECTIVES

This thesis addresses the evaluation of patient management in therapeutic centres, using protocols

designed to improve the outcomes in patients suffering from severe wasting or oedematous

malnutrition in humanitarian crisis, post emergency situations and in resources-poor hospital

structures.

1. Hypothesis

The implementation of the Golden’s protocol6, subsequently published by WHO, leads to an

improved mortality and weight gain for patients with severe malnutrition.

2. Objectives

The overall goal is to be able to recommend practical ways of managing the treatment, building

upon the WHO protocols (1999) in various clinical situations found in Africa.

- To evaluate the effect of implementation of the WHO protocols in specialised nutrition units

(SNU), day care centres (DCC) and therapeutic feeding centres (TFC) from 1993 to 1998.

- To extend the use of the newly developed Prudhon Risk-Index (PRI) to examine the main

causes of mortality from severe malnutrition.

- To examine the determinants of the rate of gain of weight from the minimum weight during

recovery.

- To evaluate the other outcomes, such as abandonment and transfers rates.

- To examine whether there are differences in response to treatment in different regions; and to

compare the performance of the different management strategies in the three major regions of

Africa.

                                                          
6 Oxford textbook of Medicine
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SUBJECTS AND METHODS

1. Countries and context

The countries included in this thesis, their characteristics and the nature of the emergencies are

shown in Table 0.2. Most of the centres that were operated by ACF during the period of interest

and from which the actual patients’ records could be collected and returned for analysis were

included. Where an unacceptable proportion of the records were lost, or had to be left in the field

when the security situation required evacuation, the centre was not included. The selection of

centres was also made to provide data with different protocols and from a variety of countries in

the different regions of Africa, East, West and the Sahel.
TABLE 0.2: CONTEXT AND SITES OF THE ACF PROGRAMMES FROM 1993 TO 1998
Country Climate Rainy Season Harvest Altitude Political  Context Type of

intervention
Angola Sub tropical 800 m Civil war Emergency

Burundi Cold climate: NG
Humidity: Mar

March – May
October – December
Mild Rainy season

July NG:1500m
Mar: 100 m

Civil war
Great Lakes crisis

N'Gozi: dev prog.
Mar: emergency prog.

Chad – Mali Hot and dry September to March May 100 m Development Drought

Guinea Humid June to October
Heavy Rains

800 m Refugees area
mostly Liberian

Refugees in a dev.
context.

Liberia Humid and hot June to October
Heavy Rains

July 400 m Civil war Buch 1: post emerg
Buch 2: post emerg.

Rwanda Humid  and cold March – May
October – December

1500 m Civil war Humanitarian crisis

Sierra Leone Humid and hot May - October
Heavy rains

October to
January

0 m Civil war Post emergency

Somalia Hot and dry Very Mild rains 0 m Civil war Chronic Post emerg.

North Sudan Hot and dry Displaced in
Khartoum

Displaced camp

South-Sudan Hot and humid 800 m Civil war against
North Sudan

Displaced camps

Uganda Hot and humid March - May
October –
November

At the end of
the rainy
season, when
the incidence
of Kwash is at
its highest.

400 m Insecurity in the
North LRA

Displaced camps and
commuters

*NG=N’Gozi; Mar=Maramvya; Kwash=kwashiorkor; Emerg=emergency; prog=program; dev=development; Buch=Buchanan
 LRA=Lord’s Resistance Army of Uganda

2.  Subjects

2.1. Context of intervention

The patients admitted were refugees, internally displaced (IDP) or impoverished persons involved

in complex emergencies, drought or famine. We categorised them into five groups, according to

age: infants (0 to 5 months), children (6 to 59 months), juveniles (60 to 119 months), adolescents
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(120 to 215 months), adults (216 months and more).

From 1993 to 1998, the ACF programmes were mostly in emergency and post-emergency

situations and from 1997-98 also in resource-poor hospitals. Table 0.3 shows the characteristics

of the centres and the patients that it served.
TABLE 0.3: CHARACTERISTICS OF THE CENTRES AND PATIENTS
Country Centre Status of patients Ethnic groups Age group
Angola TFC 24 hours Residents

Burundi Ngozi (NG): TFC 24 hours
Maramvya (Mar): RDCC

- NG: Residents &
displaced.
- Mar: Displaced mostly

Bantu:
- Bene: hutu mostly
- Team: tutsi

- Mostly children
- All age group categories

Chad TFC 24 hours - Nomads and pastoral Sahel: - Mostly children and
infants

Guinea SNU, separate building - 50 %  Liberian refugees
-  50 %  residents

Same ethnic groups - Mostly children

Liberia TFC 24 hours Displaced and residents Same ethnic group - Mostly children

Mali SNU Bene: Sonrai – Tamachek
Team: Sonrai – Bambara

- Mostly children

Rwanda TFC 24 hours Displaced and residents Same ethnic group - Mostly children

Sierra Leone TFC 24 hours Displaced and residents - Mostly children

Somalia TFC 24 hours Displaced and residents Different clans - Mostly children

North Sudan NRDCC - > TFC 24 hours Displaced people Bene: Dinka – Nuer
Team: North

Mostly children and infants

South-Sudan NRDCC Bene: Dinka – Nuer

Tanzania TFC 24 hours Refugees Same ethnic groups Mostly children

Uganda SNU, separate building Displaced people and
residents

Bene: Acholi
Team: Buganda

Mostly children, Juveniles
and some adults.

* Bene=patient; Res=residential care; Team=centre’s staff ;NRDCC=non residential day care centre; RDCC=residential day
care centre; SNU= Specialised nutrition centre; TFC=therapeutic feeding centre;

2.2. Staff and equipment

a. Training to implement the standard protocol

Expatriate nurses were systematically trained in ACF Paris on the standard protocol used by ACF

nutrition department. Based on a self-learning system, a three weeks course was given to each

person in charge of the treatment of severely malnourished patients. A pre- and post-test was used

to evaluate the efficiency of the training and each trained individual was then followed with

recurrent refresher courses. At field level, each nurse was responsible of the management of

severe malnutrition in a centre admitting approximately 100 patients per month. Her main goals

were, first to recruit qualified local staff and design a curriculum according to the level of

competency of the local staff and then to supervise the running of the centre.

b. Local staff

The number of local staff was very variable depending of the context and the care facilities. The

centres usually had a lower patient:staff ratio (3.3) compare to government hospitals. However,

during the initial phase of a humanitarian crisis, qualified staff were frequently in very short



10

10

supply, so that the ratio was often much higher than 3.3 at the start of a centre. Furthermore, the

staff were initially untrained, unqualified and unfamiliar with the procedures at the time when the

number of acutely ill patients was maximum. Thus, the training strategy and evaluation played a

major role in establishment of a TFC.  The protocols were designed in close collaboration with

the members of the Scientific Advisory Committee (SAC) of ACF. The education and the

management of the centres and the practical implementation of the protocols were the direct

responsibility of the nutrition department.

Where some provisions of the initial protocols were found to be impractical at a field/operational

level, they were always modified in consultation with the SAC and fully re-evaluated.  The use of

standardised charts and reports allowed me to monitor the programs by monthly calculation of the

average rate of weight gain, the case fatality rate, and the attendance in the centres by age group

and admission and discharged criteria and measles vaccination coverage.  The flexibility and

relative small size of ACF, and the close working relationships between SAC, nutrition

headquarter, and the field, allowed rapid readjustment of the protocols in response to the analysis

of the reports. Where the key indicators indicated a problem, a field visit was immediately made.

 2.3. Standard protocol

The protocol is divided into phases, with Phase 1 or the acute phase, Phase 2 or the recovery

phase and Phase 3 before discharge. Unlike a hospital, patients in the different phases were in

physically separate rooms or buildings, so that, when a patient progressed from phase to phase

they physically moved. All the patients in a given room were therefore receiving the same

treatment.

a. Description of the standardised protocol

a.1. Criteria of admission and discharge

On admission, patients were registered, weighed, had their height measured and the presence of

bilateral oedema assessed by trained local staff. Table 0.3 gives the ethnic group of the staff and

patients. Table 0.4 shows the admission and discharge criteria that were used.

The diagnosis of severe malnutrition was based on Weight-for-Height (WH), MUAC, or oedema.

Pitting bilateral oedema was graded: 0 = absent,  + = presence of oedema on the dorsum of the

feet or ankle demonstrable but not always visible,  ++ = presence of oedema demonstrable and/or

visible up to the ankle, +++ = oedema generalised.  The presence of oedema was sufficient to

define a patient as being severely malnourished irrespective of their degree of wasting (i.e.

including marasmic - kwashiorkor).  MUAC<110mm was used to identify children from 12
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months (or with a height of 75 cm or more) the most at risk of mortality (Briend and Wojtyniak,

1987).  They were also admitted as severely malnourished.  Either a trained local clinician or

nurse performed a rapid clinical screen, assessing hydration, dysentery, diarrhoea, anaemia, and

signs of chest infection.
TABLE 0.4: DESCRIPTION OF THE ADMISSION AND DISCHARGE CRITERIA

Age group Admission Criteria Discharged criteria
Infants 0 to 6 months Difficulty to breastfed or

presence of oedema
Able to breastfed & weight
increasing

Children:
 6 months to 130 cm height

WHP < 70% or MUAC
<110mm, or presence of
oedema

WHP >= 85% for one week, and
absence of oedema for more
than 15 days from the beginning
of the decrease in oedema, and a
MUAC >= 120 mm

Adolescents:
From 130 cm to 18 years

WHP <70% or presence of
oedema.

WHP >= 85% for one week and
absence of oedema for more
than 15 days from the beginning
of the decrease in oedema.

Adults
From 18 years old and plus

BMI < 16 or presence of
oedema

BMI >=18.5 for more than one
week (often referred to the SFC
program with a BMI of 17.5 or
even less depending of the
context).

a.2. Phase 1

In phase 1 or the acute phase, there was a close surveillance; weight, oedema, temperature,

number of stools, presence of vomiting, cough, and anaemia, were recorded daily. Changes in the

diet were introduced between 1994 and 1998, using successively High Energy Milk (HEM),

ready to use F100 (F100) or reconstituted F-100 (F100R), and then ready to use F-75 (F75) either

systematically or only for special cases.

The intake was adjusted according to the weight and age group of the patients, as follows:

• For children and juveniles, 100kcal per kg per day – 100ml/kg of F100, F100R and HEM or

130ml/kg of F75.

• For adolescents, 50kcal per kg per day – 50ml of F100, F100R and HEM or 65ml/kg of F75.

• For adults, 40kcal per kg per day – 40ml of F100, F100R and HEM or 50ml/kg of F75.

Systematic antibiotic treatment was given from admission to the end of anorexia plus four days in

year 1997-98.

a.3. Phase 2

In phase 2, or recovery phase, weight, temperature, number of stools, presence of vomiting,

cough, anaemia, were recorded only every two to three days.  As in phase 1, changes in the diet

were introduced between 1994 and 1998, using successively HEM, ready to use F100 or

reconstituted F-100. The intake offered was doubled (to 200kcal/kg/d for children). Various
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porridges were also introduced. Mebendazole, for de-worming, was systematically given to each

patient over one year of age.

If patients failed to response to Phase 2 treatment, they were transferred back to Phase 1.

Ferrous sulphate was given as a daily dose of 15mg/kg/d in phase 3 until March 97. After this

date, it was then added to the diet (one tablet of 200mg of ferrous sulphate per 2 litres).

a.4. Phase 3

In phase 3 or the phase before discharge, a family meal was given in addition to the porridge and

milk diet. In some cases, Phase 3 was omitted.

The feeds all were prepared in the kitchen supervised by the phase monitor. Close supervision by

the expatriate nurse and the centre supervisor, was regularly undertaken.

A plan of a typical TFC is given in Appendix 1, and a typical treatment protocol is given in

Appendix 2.

b. Day care in emergency situation

We were often unable to provide care at night for security reasons. In these circumstances, the

team came to the centre in the morning and left before dark. This was then termed a Day Care

Centre (DCC). When the team were absent, the patients could either be residential (RDCC) or

could go back “home’ at night and be Non-Residential (NRDCC).

c. Nutrition unit

In 1997, the treatment of severe malnutrition was integrated in the paediatric wards of several

local hospitals, where the malnutrition rate was not overwhelming and there was an appropriate

hospital.

3. Methods

3.1. Collection of data

Several tools were developed to manage the centre and monitor the progress of the patients. The

tools were re-designed during the course of, and as a result of this study. The paper records were

transported from the field to ACF headquarters in Paris and hence to Aberdeen for analysis.

a. “Fiche”

“Fiche”, from the French, is the term we use for the integrated individual patient record, which

combines several “charts” on one sheet. They were printed in A3 format on stiff paper. An

example of a complete fiche is given in appendix 3.
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- If a TFC run out of fiches, photocopies were immediately provided.

- Training on "How to fill the fiche" was given orally to each volunteer before they went to the

field.

b. The registration books

The registration book for the centres contained details of all patients admitted, and were not

returned to Paris.

c. The monthly reports

Reports summarising the performance of the centres were prepared each month. They were

designed to allow the nutrition team and headquarters to evaluate and monitor the programme

closely. A guideline was prepared that specified how to complete the monthly report. The

monthly reports were submitted to Paris.  A typical report is given in Appendix 4. These reports

which gave details of any changes of staff, protocol, shortages or other occurrences, were all

available during the analysis of the data in this thesis.

d. Missing patients data

Patients were given consecutive numbers on admission so that the number of records could be

easily determined. Table 0.5 shows the missing fiche compared to the registration numbers and

the date of the opening of the centre.  Due to the unstable conditions under which this work was

undertaken, some of the records were lost in transit or abandoned when evacuation became

necessary.  In some of the centre studied, there were more than 6% records missing (N'Gozi,

Mao, Macenta, Cyanika, Makeni, Ashwa, Kitali, Gulu, and Lacor). For this reason, it was decided

a priori that, mortality rate and patient profiles, computed from the analysed fiche would be

compared with that given in the monthly reports. Where these were not different, I would

assumed that the missing fiche were a random selection of the patients admitted during the time

when there were more than 6% missing records and discrepancies would be included in the

analysis.

The data for the centres where more than 6% of records were missing is shown in table 0.6.  Of

concern is the fact that in several centres more deaths were retrieved from the returned fiches than

were reported by the nurse in charge of the centre.  Nevertheless, the table indicates that the

mortality rate analysis is unlikely to be biased because of the missing patient records7.

                                                          
7 Mondo TFC excluded
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TABLE 0.5: FICHE MISSING CONSIDERING THE DIFFERENT CENTRES AND THE REGISTERED NUMBER

Country Centre Opening date Observed fiche Expected fiche Missing fiche %
Angola N'Dalatando November 94 479 476 0

Burundi Maramvya December 97. 1063 1099 3.3

N'Gozi August 95 - 420 448 6.3

Chad Andobac May 94 - 101 101 0

Mao May 94 1029 1166 12

Mondo May 94 - 111 119 6.7

Guinea Macenta April 96 614 694 11.5

Liberia Buchanan 94 February 94 360

Buchanan 97 May 97 669 345 5

Mali Gao January 97 451 462 2.4

Rwanda Cyanika August 94 847 920 7.9

Kibeho1 August 94 917 950 3.5

Kibeho 2 September 94 117 118 0.9

Kibeho 3 November 94 1478 139 0

Kibehob September 94 44 47 6.4

Sierra Leone Makeni August 97 171 189 9.5

Somalia Forlanini August 95 177 2 months*

South-Sudan Ashwa May 93 207 234 11.5

NorthSudan El Salam May 96 975 1030** 5.4

Wad El Beshir February 96 574 680** 15.5

Tanzania Kitali May 95 372 422 11.8

Uganda Gulu May 97 597 736 18.9

Lacor May 97 520 562 7.5

Kitgum May 97 685 730 6

*The fiche were collected on a 2 months period, whatever were the admission numbers
**The number of expected fiche was overestimated, because children readmitted after a short absence or transfer were given
a new case number.
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TABLE 0.6: COMPARISON OF THE CFR BETWEEN THE REPORTS AND THE TABLES

Centre Period Reports: CFR% ( d/N ) Table: CFR % (d1/N1) p
N'Gozi 28.08.95 to 27.10.95. 0         (0/50) 0       (0/46) NS
Mao 26.08.96 to 28.02.97. 8.9      (27/302) 9.1    (31/341) NS +
Cyanika 05.08.94 to 23.12.94. 10.1    (53/525) 9.8   (52/529) NS -
Macenta
Makeni

27.01.97 to 26.11.97
29.08.97 to 28.10.97.

7.7      (20/263)
3.3      (6/182)

9.4   (24/255)
5.5   (8/146)

NS +
NS +

Ashwa1 18.05.93 to 31.09.93. 1.8      (6/330) 0.5   (1/207) NS -
Kitali 01.10.95 to 29.10.95. 0.0      (0/251) 2.4   (4/217) NS +
Gulu 15.05.97 to 31.01.98. 22.5    (112/496) 25.7 (132/514) NS +
Lacor 05.06.97 to 29.12.97. 25.9    (114/439) 26.6 (122/459) NS +

3.2. Analysis of the data

The data was transferred from lotus to RS1, SPSS windows, SYSTAT and Excel 8. The

generation of the new variables was performed in RS1 and the main statistical analysis in

SYSTAT and SPSS.

3.3. Data entry by centre

The raw data were entered directly from the fiche into RS/I relational database and/or Excel.

a. Variables collected from the fiches

The following data were abstracted from the patient records:

Casenumber,

Age in years and months,

Sex,

Date of admission and discharge,

The day of discharge for patients who defaulted was defined as 48 hours after the last day of

presence in the centre.

Outcome,

The outcome of the patients were defined as follows:

•   Normal discharged or ’cured’, when a patient recovered to a stage where he

fulfilled the criteria of discharge of the protocol

•   Defaulting or ‘abandonment’ or ‘discharged against advice’ was defined as any

patient who left the centre voluntarily without fulfilling the criteria of discharge. It

should be noted that this category was very heterogeneous. It contained patients who

were not progressing satisfactorily  (generally early abandonment) and patients who

were doing well that the mother judged to be cured. Most frequently, however, the
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mother took the child from the centre because family circumstances and concerns

about security led her to decided not to remain in the centre. These different

categories of defaulter could not be accurately differentiated.

•   Transfer to another healthy facility for special care. This was normally for

conditions such as tuberculosis.

•   Patients who died in the centre: If the patient was transferred to hospital and then

died, this was considered as a transfer. The death was however recorded

For most fiche, the number of stools passed, were recorded each day.  Where this was the case,

diarrhoea was defined as the passage of four or more stools per day. For a few fiche, diarrhoea

was entered directly on the fiche.  Such data were considered to conform to the above definition.

The number of days with diarrhoea in the first 4 days and also in the 21 days after admission was

recorded.

Vomiting during the first 4 days and 21 days was also recorded.

Although all the staff had the same initial training no attempt was made to ensure the criteria

were applied consistently and no inter-observer reliability measures were made for any of the

clinical signs. The number of days with dehydration during the first 21 days as judged by the

nurse on the field, using clinical signs.

The number of days in the first 21 days, when the patients had respiratory symptoms, as

coughing or tachypnea was also recorded.

The number of days of pale conjunctiva during the first 21 days was recorded too. Clearly this

sign is very subjective and no attempt was made to verify the diagnosis.

Body temperature was measured twice daily in the axilla or rectal. The number of days with

temperature recorded below or equal to 35.5 and above or equal to 39 centigrade Celsius were

entered in the database.

Phase 1 is defined as a phase where the child would receive 100kcal/kg/day; the adult, 40kcal/kg

/day and the adolescents 45kcal/kg/day. Latterly a transition phase was included after Phase 1,

the amount of milk diet being increased by 35% during this phase: this was considered as Phase

2. The time that the patients spent in phase 1 and 2 was recorded, as whether children were

breastfed or not.

Oedema 0 - none, 1 - +, 2 = ++, 3 = +++

Nutritional oedema begins usually on the feet or the legs and can extent to reach the face and the

hands.
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TABLE 0.7: INDICATORS FOR THE ASSESSMENT OF OEDEMA
Localisation Degree of severity Recording
Feets Mild: pitting barely

detected
+

Legs & feets Moderate: Intermediate
between mild and severe

++

Generalised Severe: Skin very tense +++

The team in the fields considered both criteria of severity and localisation in their judgement.

Number of days with oedema

Mid-upper-arm circumference (MUAC) on admission and discharge.

Height on admission: Recumbent length was measured for children up to 85cm, above this, the

standing height was measured.

The weight on the day of admission and all recorded weights for the first 50 days after admission

were entered into the database.  If discharge was more than 50 days after admission the discharge

weight was also recorded.

3.4. Cleaning data - transformation of variables - creating new variables

Specific procedures were written in RS1 language to clean, transform and analyse the data. Pr

M.H.N. Golden wrote these procedures.

a. Cleaning data

When daily weights are recorded on large numbers of patients in an emergency, there are

inevitably measurements and recording errors. Also when the data are entered into the computer,

transcription errors will occur. I considered that it was unlikely that a patient would gain or loose

more than 10% of body weight per day. A program was written “TFC_Checkweights” that

examined the database and identified all such recorded weights. These data were then removed

from the database and replaced by an extrapolated value estimated from the nearest weight before

and the nearest weight after the recorded weight. The number such ‘aberrant values’ is shown in

table 0.8. Together with the percentage of days upon which an ‘aberrant’ recording was entered.

The percentage of aberrant weights was 0.6% which is quite a low percentage and should not

make any difference to the results.

b. Transformation of variables

b.1. Anthropometry

The anthropometric variables, weight-for-height, height-for-age and weight-for-age were

generated by a program (“anthro”) in RS1 based upon the NCHS standards using the equations
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reported by Dibley et al (1987). There is no equation of weight-for-height (WH) for individuals

of over 130cm.
TABLE 0.8: ERRORS OF WEIGHT IN THE DIFFERENT CENTRES

Centre N Patients Aberrant values No of weights recorded % of days with aberrant
value

Burundi: N'Gozi 512 25 10,946 0.23

Burundi: Maramvya 1257 203 19,938 1.02

Chad: Andobac 101 9 2,237 0.40

Chad: Mao 1064 124 15,055 0.82

Chad: Mondo 111 7 1,770 0.40

Guinea: Macenta 624 69 14,230 0.48

Liberia: Buchanan 738 17 9,252 0.18

Mali: Gao 451 49 5,386 0.91

Rwanda: Cyanika 20 10,449 0.19

Rwanda: Kibeho 25 10,530 0.24

Sierra Leone: Makeni 190 16 3,011 0.53

Somalia: Forlanini 177 17 3,482 0.49

North Sudan: El Salam 975 23 15,467 0.15

North Sudan:

Wad El Beshir

607 36 9,243 0.39

Tanzania: Kitali 720 16 5,820 0.48

Uganda: Gulu 608 79 7013 1.13

Uganda: Kitgum 704 93 8810 1.05

Uganda: Lacor 575 76 6761 1.12

Total 9799 904 159,400 0.57

b.2. Mortality data

The program “Tfc_pru” is described fully in the mortality section of this thesis. This program

was written in RS1 to calculate the likely hood of death of the patients (prognostic index)

according to the equations published by Prudhon and al (Prudhon et al., 1996). These are based

upon the weight and height of the patient and the presence of oedema. This index was only

calculated for children aged 6 to 59 months of age (regardless of height) as this was how the

original population, from which the prognostic index was derived, was selected (personal

communication C. Prudhon).
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b.3. Weight change

During the first two weeks after admission daily weight were normally taken. After weights were

taken on alternate days. The missing daily weights were calculated by linear extrapolation.

After admission, some patients lost weight, had a period of static weight and then had rapid

weight gain. Others started to gain weight from admission. It was therefore necessary to realign

the daily weight data according to the individual patient’s progress. For this purpose, the variables

Daymin1 and Daymin2 were defined as the first day upon the minimum weight was recorded and

the last day upon which the minimum weight occurred. Where there was no period of static

weight, the two values were the same.

A program was written on RS1, “Rowminalign”, which took the daily weight database and first

determined Daymin1 and Daymin2. The program then aligned each patient’s daily weights upon

Daymin2 in a new database. This database was then used for the calculation of rate of weight

gain.

b.4. Rate of weight gain

The rate of weight gain is conventionally defined as the weight change from the time of minimum

weight to discharge divided by the length of time and the minimum weight. It is expressed in

g/kg/day. There are potential problems with this way of expressing the rate of weight gain.

- The minimum weight is more likely than any other weight to be an erroneous measurement.

This is because it is deliberately chosen as the weight at the extreme range of all observed

weights taken on an individual patient.

- Some patients loose weight from a maximum, just prior to discharge when they are being given

family meals. Inclusion of such a period will lead to a lowering of the calculated rate of weight

gain.

- Division by the minimum weight means that the weight increment will be divided by much

smaller number in the most wasted children then in less wasted children. Thus, in the latter parts

of rapid weight gain a child may be gaining weight at an individual rate equal to a less-wasted

child who has just been admitted. However the conventional calculation will make it appear that

the previously more wasted child is gaining weight more rapidly.

- There is an almost universal showing of the rate of weight gain as weight gain progresses. This

is thought to be related to the hierarchy, in replenishment of lean and fatty tissue during recovery.

However, the result is that the longer the period of time over which weight gain is considered the

lower the calculated value will be. For these reasons a program was written to calculate weight

gain in various ways to overcome these difficulties.
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1 & 2) Weight gain was calculated by linear regression of the daily weighs from day min2 for

each individual patient. The minimum weight used was not the weight recorded on day 0, but the

value at time 0 calculated from the regression line. This value was used in an attempt to overcome

the difficulty of minimum weight being a recording error. The rate of weight gain was considered

by regression for either 5 or 15 days.  For the results to be accepted there needed to be at least 3

recorded weights and the slope of the line had to be significant (p<0.05).

3) Weight gain was calculated from daymin2 until the maximum weight,

4) Weight gain was calculated in the conventional fashion.

For each of these rates of weight gain the daily weight increment was expressed both per kilo

minimum weight and also per kilo “ideal weight” (i.e. 100% weight-for-height)

b.5. Cumulative weight gain

Another RS1 program was written to convert the daily weight change of each patient into

increments over the minimum weight (in grams) per kilo minimum body weight. The data were

then entered into a separate database, newly generated by program.  These data represent ten

times the increase in body weight when expressed in % of body weight terms.

Copies of the source codes written in Research Programmes Language (RPL) for each of the

programs used to analyse these data are available from Pr Golden.

The following diets were used:

From the monthly reports for each centre, the diets used in phase 1 and 2 were entered into the

database. The following diets used were:

1. HEM or High energy milk with DSM oil Sugar in 100 ml/100kcal.

2. F100 either pre-prepared or made in the centre in 100ml/100kcal.

3. F75 either pre-prepared or made in the centre.

4. Diluted F100 (F100D) to 100kcal/130ML

5. Low Osmolality F100 (F100LO) was a special batch of F100 where the sugar had

been replaced with dextrin-maltose.

c.2. Classification of the care of the beneficiaries
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Care is one of the most important factors to consider during the analysis of the data.

24 hour care facilities

� The Therapeutic Feeding Centre (TFC): is usually defined as a residential 24 hour

care centre where there is a surveillance day and night. The number of patients is generally

limited to 100.

� The Special Nutrition Unit (SNU) is an area in a hospital that is dedicated to the initial

phase or Phase 1 and the rehabilitation phase or Phase 2 of severe malnutrition. The patient is

admitted to a residential 24 hours care.

Day care facilities

These structures are recommended only for the rehabilitation phase (or Phase 2) of severely

malnourished patients. When the patient has completed the initial phase of treatment, without any

complications, is eating well and gaining weight (usually 2-3 weeks after admission), he or she

can usually be treated at a day care centre. Where there is no day care centres, the 24-hour-care

centre must continue to provide care until the child is ready for discharge.

� The Day Care Centre (DCC) is a day care feeding centre that gives care during the

daytime. The centre can be residential or non-residential depending on logistics facilities in the

centre and the distance from home. 

DCC can be either Residential (R) or Non Residential (NR).

Non Residential Day Care Centre (NRDCC): the patient sleeps at home, is brought to the centre

each morning, and returns home each evening.

Residential Day Care Centre (RDCC), the patient can spend the night in the centre, because of

the distance from the centre to their home.
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Part 1

Descriptive analysis of the patients
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1. Introduction

This part describes the characteristics of all the patients admitted for the treatment of severe

malnutrition, including the sample used for the analysis of mortality risk, weight gain and weight

loss. First, an analysis of the subjects in the centres is presented by age group, then by region,

type of care, and area of emergencies and non-emergencies.

2. General description of the subjects

In the 20 centres there were 11,287 patients. The number of patients is each centre is given in

table 1.1.
TABLE 1.1: NUMBERS OF PATIENTS BY REGION, COUNTRY, CENTRE (N=11287)
Region N (%) Country N       (%) Centre N        (%)
Eastern Angola 479   (4.2) N'Dalatando 479    (4.2)

Burundi 1483 (13.1) Maramvya 1063  (9.4)
N'Gozi 420    (3.7)

Rwanda 2072 (18.4) Cyanika 847    (7.5)
Kibeho 1 917   (8.1)
Kibeho 2 117   (1.0)
Kibeho 3 147   (1.3)
Kibeho b 44     (0.4)

Tanzania 372    (3.3) Kitali 372   (3.3)
Uganda 1802 (16.0) Gulu 597   (5.3)

Kitgum 685   (6.1)
Lacor 520   (4.6)

Sahel Chad 1241 (11.0) Andobac 101   (0.9)
Mao 1029 (9.1)
Mondo 111   (1.0)

Mali 451   (4.0) Gao 451  (4.0)
Somalia 177   (1.6) Forlanini 177  (1.6)
Sudan 1756 (15.6) Ashwa 207  (1.8)

El Salam 975  (8.6)
Wad El Beshir 574  (5.1)

Western Guinea 614  (5.4) Macenta 614  (5.4)
Liberia 669  (5.9) Buchanan 669  (5.9)
Sierra Leone 171  (1.5) Makeni 171  (1.5)

Table 1.2 shows the total number of patients in each centre and their outcomes.
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TABLE 1.2: OUTCOMES BY CENTRE
Centre Total  (%) Defaulter (%) Cured (%) Dead (%) Transfer (%)

N’Dalatando 479 (4) 49 (10) 398 (83) 32 (7) 0(0)
Maramvya* 1063 (9) 146 (14) 681 (64) 212 (20) 21 (2)

Ngozi** 420 (3) 43 (10) 329 (78) 9 (2) 38 (9)
Cyanika 847 (8) 86 (10) 653 (78) 80 (9) 28 (3)
Kibeho 1225 (11) 94 (7) 929 (76) 128 (11) 74 (6)

Kitali 372 (3) 42 (11) 313 (85) 9 (2) 8 (2)
Gulu 597 (5) 250 (41) 195 (33) 146 (25) 6 (1)
Kitgum 685 (6) 189 (28) 338 (49) 158 (23) 0(0)

Lacor 520 (5) 163 (31) 217 (42) 139 (27) 1(0)
Macenta*** 614 (5) 37 (6) 485 (79) 79 (13) 12 (2)
Buchanan 669 (6) 91 (14) 495 (74) 49 (7) 34 (5)

Makeni**** 171 (2) 25 (15) 114 (67) 9 (5) 21 (13)
Andobac 101 (1) 16 (16) 77 (76) 8 (8) 0(0)

Mao 1029 (9) 169 (16) 665 (65) 81 (8) 114 (11)
Mondo 111 (1) 1 (1) 102 (92) 5 (4) 3(3)
Gao 451 (4) 57 (12) 322 (71) 71 (16) 1 (1)

Forlanini 177 (2) 29 (16) 113 (64) 22 (13) 13 (7)
El Salam 975 (9) 234 (24) 570 (58) 67 (7) 104 (11)
W. El Bes.***** 574 (5) 265 (46) 249 (43) 15 (3) 42 (7)

Ashwa 207 (2) 20 (10) 184 (88) 1 (1) 2 (1)
Total 11287 2006 (18)  7429 (65) 1320 (12) 522 (5)

* M.V. (Missing values): 3, **M.V.: 1, ***M.V.: 1,**** M.V.: 2, W. El Bes.=Wad El beshir; ***** M.V.: 3 2.1. Age & sex

The average age of the total population was 48 months ranging from 0 to 78 years of age. The

numbers and sex of the population in each class of age are given in table 1.3. There were more

male patients in all age groups except adults. The low sex ratio for the adults might be due to the

fact that the caretakers were more often women.  Consequently, they had a greater chance to be

screened during “active case-finding” than men. It is unclear whether men fail to present for

screening for social, cultural or reasons associated specifically with the emergency situation9. The

discrepancy was higher in emergency situations and in particular in Maramvya, Burundi.

                                                          
9 Adult males are both involved in belligerence and more likely to be targets of belligerents and unwilling to come to a public
facility.
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TABLE 1.3: DESCRIPTION BY SEX AND AGE GROUP, 1993 - 1998

Age Missing sex (%) Female (%) Male (%) Sex ratio Total    (%)
Infant 29         (5.1) 246     (43.5) 291     (51.4) 1.18 566       (5.0)
Child 341       (4.0) 3907   (46.1) 4236   (49.9) 1.08 8484     (75.2)
Juvenile 40         (2.9) 665     (47.6) 691     (49.5) 1.04 1396     (12.4)
Adolescent 3           (0.8) 165     (45.7) 193     (53.5) 1.17 361       (3.2)
Adult 2           (0.4) 296     (66.2) 149     (33.3) 0.5 447       (4.0)
Total 428       (3.8) 5286   (46.8) 5573   (49.4) 1.06 11287

Table 1.4 shows the anthropometric data on admission and discharge, for patients from 49cm

length to 130cm height. The rate of stunting is particularly height, however, the accuracy of ages

is a major problem. There were more marasmic patients than those with oedema. There were

fewer patients with gross oedema than with lesser degrees. In 1.3% of cases there was no record

of the presence or absence of oedema (Table 1.5.)
TABLE 1.4: DESCRIPTIVE STATISTICS OF THE ANTHROPOMETRIC INDICATORS, 1993-98*

Indicators All Non oedematous Oedematous

N Mean+/-St Dev N Mean+/-St Dev N Mean+/-St Dev
Admission

WAZ 10760 -3.96+/-1.13 6555 -4.3+/-1 4082 -3.4+/-1.2
WAP 10760 56.20+/-12.06 6555 52.2+/-9.6 4082 62.5+/-13
HAZ 11098 -3.30+/-1.76 6688 -3.4+/-1.8 4090 -3.2+/-1.8
HAP 11098 87.4+/-6.6 6688 87.2+/-6.7 4290 87.7+/-6.6
WHZ 10526 -3.0+/-1.2 6367 -3.4+/-0.9 4044 -2.4+/-1.4
WHP 10526 73.1+/-10.6 6367 68.8+/-7.1 4044 79.9+/-11.7
Discharged

WHZ. 10534 -1.7+/-1.5 6377 -1.8+/-1.4 4043 -1.4+/-1.6
WHP 11014 85.5+/-14.2 6600 83.5+/-14.5 4297 88.7+/-14.5
* Adults and adolescents more than 130cm height excluded

TABLE 1.5: NUMBER OF PATIENTS BY DEGREE OF OEDEMA, 1993 - 98 (N=11287)
Presence of oedema Frequencies Percent
No oedema 6750 59.8
Oedema + 1702 15.1
Oedema ++ 1942 17.2
Oedema +++ 743 6.6
Total 11.137 98.7
Missing data 150 1.3
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            Figure 1.1: Degree of wasting by oedematous status, 1993-98
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Figure 1.1 shows the degree of oedema by wasting. The majority of severely wasted patients did

not have oedema. And the majority of oedematous patients were not severely wasted. About 34%

of the children with marasmus had marasmic kwashiorkor. The patients with a WHP >= 70% and

no oedema were mainly young children and infants who were admitted because they had a

MUAC< 110 mm.

The number of patients and percent within each age category that have oedema is shown table

1.6.  Most infants were wasted: oedema was very uncommon in this age group. Two third of the

children had marasmus. In contrast, the majority of juveniles, adolescents and adults were

admitted because of nutritional oedema.
TABLE 1.6: PRESENCE OF OEDEMA BY AGE GROUP, ACF, 1993 – 98
Age group Missing oedema  (%) No Oedema  (%) Presence of oedema (%) Total  (%)
Infant 10       (1.8) 540      (95.4) 16        (2.8) 566     (5)
Child 115     (1.3) 5344    (63) 3025    (35.7) 8484   (75.2)
Juvenile 8         (5.7) 514     (36.8) 874      (62.6) 1396   (12.4)
Adolescent 5        (1.4) 133     (36.8) 223      (61.8) 361     (3.2)
Adult 10      (2.3) 199     (44.5) 238      (53.2) 447     (4)
Missing Age 2        (6.1) 20       (60.6) 11        (33.3) 33        (3)
Total 150    (1.3) 6750   (59.8) 4387    (38.9) 11287  (100)

2.2. Infants

There was only 16 oedematous infants admitted.  Ten of these oedematous infants were also

severely wasted; and twelve of them were breastfed. Infants should be exclusively breasted until

they reach six months of age.
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2.3. Children

A full description of the children 6 – 59 months is given in the mortality section of this thesis,

where the factors associated with deaths are analysed.

2.4. Juveniles

Most of the juveniles had oedematous malnutrition. However as shown in figure 1.2., most of

these patients are also wasted. There were a few cases of juveniles who were admitted with a

WHP> 70% without oedema. These were very stunted people with a MUAC <110mm, and

demonstrates the problems of classification by age group.

                                  Figure 1.2: Juveniles
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2.5. Adolescents

In figure 1.3, the adolescents show a similar pattern to the juveniles, most being wasted and

oedematous. No criteria of admission and discharge were calculated for the patients with a height

more than 130cm in this thesis.

                                                 Figure 1.3: Adolescents
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2.6. Adults

The criteria of admission of the adults are based on BMI and oedema. Thirty nine percent of the

wasted patients had oedema. For a BMI >16, 5% of the patients did not have oedema. It is unclear

why these patients were admitted. The patients with missing values could not stand to have their

weight or height measured.  According to Collins (1998), this is a very serious prognostic sign

and it is important that such patients are not excluded from the analysis.

TABLE 1.7: ADULTS

Missing BMI (%) BMI < 16 (%) BMI > 16 (%) Total (%)

Absence of oedema 10         (5) 184       (92.5) 5        (2.5) 199    (45.5)
Oedema +  5          (8.9)  37        (66.1) 14      (25.0)  56      (12.8)
Oedema ++  7          (4.1) 80         (46.5) 85      (49.4) 172    (39.4)
Oedema +++  1          (10) 2           (20) 7        (70) 10      (2.3)
Total 23         (5.3) 303       (69.3) 111    (25.4) 437     (100)

2.7. Clinical signs

The clinical signs that were recorded on the fiche, are shown in table 1.8. During the first four

days after admission, about half the patients had diarrhoea and one third vomiting and 29% were

judged to be dehydrated by the clinical staff at some stage during the first 21 days.

Although diarrhoea was less common in infants than in the other age groups. Indeed 5% of

infants were judged to be dehydrated without any diarrhoea or vomiting. Significantly more

patients below 5 years were “dehydrated” during the first 21 days (Anova, p<0.001). Diarrhoea

was more common in the juveniles, adolescents and adults then in the children. This was an

unexpected finding as diarrhoea is conceived to be a particular problem of the young children and

its investigation in older children and adolescents in the tropics has been neglected. Nevertheless,

it is clear that diarrhoea was a major problem in malnourished patients of all ages, and between

15 and 20% of the older patient were dehydrated.  Despite the fact that nearly all these patients

have infections and most of the patients were treated in areas of endemic malaria, only 20% had

an episode of fever during the first 21 days after admission. Adults and infants had less fever that

the other groups. Ten percent of patients experienced an episode of hypothermia. This was not

confined to small infants with a large surface area to volume ratio. Hypothermia occurred

commonly in all age groups in these tropical centres. Surprisingly, the juveniles and adolescents

had significantly more hypothermia (Anova, p<0.05) than infants and adults. Non of the

individual centres were without cases of hypothermia.

Cough was the commonest clinical sign. It was highly prevalent in all age groups, frequently

being recorded for every day of surveillance.  Relatively few infants were judged anaemic
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compared to children. The prevalence was not as high as anticipated (27%) in children despite

these centres being in malarious areas and anaemia being frequently cited by the staff as a cause

of death. Juveniles, adolescents and adults, in contrast had a much higher prevalence of anaemia

(Anova, p<0.05).  A large number of fiche had missing data for clinical signs. However the fiche

that were not completed occurred at the opening of centres and in severe emergencies, and also

with particular staff members and centres. At the start of this study, clinical signs from the first

2300 fiche were not entered into the database. Examination of the fiche shows that the data is

missing from blocks of time and, where data has been collected, it has been entered consistently

for all the patients in the centre. There is no evidence that particular patients were “selected”

because of their clinical or other characteristics to have the surveillance chart filled in. In contrast,

the “free observation” section of the fiche seemed to only contain information on selected

patients.
TABLE 1.8: CLINICAL FINDINGS BY AGE GROUP

Age group Infants % Children % Juveniles % Adolescents % Adults % Total %
Diarrhoea
(0-4d)

29.5
(92/312)

51
(2259/4449)

61
('327/539)

61
(94/155)

65
(207/317)

52
(3015/5834)

Vomiting
(0-4d)

34.4
(107/311)

37.8
(1665/4383)

39.4
(207/525)

30.6
(53/173)

18.2
(64/351)

36.5
(2100/5756)

Dehydration
(0-21d)

38.3
(123/321)

32.1
(1426/4448)

18.8
(126/372)

15.0
(31/206)

17.4
(65/374)

29.4
(1773/6029)

Hyperther.
(0-21d)

12.8
(35/273)

21.8
(950/4358)

18.2
(119/656)

15.6
(32/205)

9.7
(36/370)

20.0
(1173/5870)

Hypother.
(0-21d)

9.2
(19/206)

10.1 (323/3213) 13.4
(60/449)

13.7
(22/161)

9.6
(33/345)

10.5
(459/4381)

Anæmia
(0-21d)

16.1
(41/255)

26.7
(964/3609)

42.7
(252/590)

47.1
(97/206)

35.8
(132/369)

29.6
(1489/5036)

Cough
(0-21d)

66.1
(230/343)

65.3
(3314/5075)

68.1
(466/684)

72.5
(150/207)

75
(282/376)

67
(4449/6640)

TABLE 1.9: NUMBER OF DAYS OF CLINICAL OUTCOMES BY AGE GROUP

# days by
Outcome

Infant Child Juvenile Adolescent Adult Total

 N       mean
          (sem)

 n  mean
 (sem)

 n  mean
 (sem)

 n  mean
 (sem)

 n  mean
 (sem)

N Mean
(sem)

#d.diar** 210  3 (.2)  3431 3.4 (.05)  497 4.1(.2)  145  4.2 (.3)  275  5.1 (.2)  4559  3.6(.01)*
#d. oed. 13  3.6(.5)  2284 6.7 (.5)  535 7.6 (.3)  128  8.6 (.9)  190  7.1 (.4)  3190 7.1(.3)
#d w loss 342  8.3 (.5)  5505 7.2 (.1)  1055 7.9 (.2)  233  9 (.6)  309  10.8 (.6)  7504 7.5 (.1)*
# d. F75 72  4.8 (.7)  2169 3.5 (.1)  201 3.7 (.3)  10  2.4(.4)  2483  3.6(.1  2483 3.6(.1*
# d. Ph. 1 427  7.7(.5  6197 4.1(.1)  760 4.3(.1)  198  4.2(.2)  339  3.9 (.1)  8004 4.3(0.1)*
#d. total 553  22.9 (.9)  8345 30 (.3) 1382 25.5 (.6)  325  27.2 (1.3)  402  29.4 (1)  11101 28.7(.2)*

* p < 0.005 ANOVA for quantitative  measurements.** from day 1 to 21
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Table 1.9 shows the number of days of diarrhoea between day 1 to 21, the time for oedema loss

and of weight loss and the lengths of feeding F75, Phase 1, of the total length of stay in the

centres. All of these variables show a difference by age group except the time for oedema loss.

The patients were included, only if the length of stay was one day or more. The time for oedema

loss was not different by age group. The time of weight loss compared to the time for oedema

loss is the same for the children, juveniles and adolescents, however infants had lost weight for

twice the time that they had oedema. The adults also had a longer period of weight loss, probably

due to episodes of diarrhoea.  Only a few patients received F75 in Phase 1, the length was longer

for infants. The shortest length of total stay was for the infants, however they were discharged

when the mother was able to breastfeed her child and not when the infant recovered his weight

deficit. Juveniles had the shorter length of stay in phase 1, but then recovered very quickly,

compared to the other age groups.

The patients had diarrhoea for two days on average; diarrhoea in the adults lasted longer. The

mean of the length of oedema was 2 days. However, in the juveniles, adolescents and adults

oedema lasted 5 to 6 days.

Figure 1.4: No of days of loss oedema for all patients

Figure 1.4 shows the length of stay by outcome10 and age group. The mean length of stay in the

centre was 28 days. Clearly, the dead patients had short length of stay and then the abandons

(means: 20+/-25days) and the transfers (means: 21.5+/-30days)11. For the patients that recovered

fully the length of stay varied from 28 to 35 days for the different groups of patients. The

juveniles recovered most quickly and the children least quickly.

                                                          
10 Admission errors and failure to respond were excluded from this figure.
11 P<0.001
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                                 Figure 1.5: Length of stay by age group and outcome

c. Outcomes by age group

The outcome by age group is shown in table 1.10 and figure 1.5. Only 65% of the patient

admitted were discharged having met all discharge criteria. About 5% of the patients in all age

groups were transferred. Mortality rate was very high in the infants, fell to about 10% in children

and juveniles and then rose again in adolescents and adults.

TABLE 1.10: OUTCOMES BY AGE GROUP

Outcomes Total    (%) Infant    (%) Child    (%) Juvenile (%) Adolesc (%) Adult (%)
Abandon 1989   (18) 113     (20) 1641     (19) 135         (10) 42           (12) 58       (13)
Death 1314   (12) 110     (19) 964       (11) 133         (10) 47           (13) 60       (14)
Cured 7420   (65) 308     (55) 5475     (65) 1074       (76) 257         (71) 306     (68)
Transfer 522     (5) 35       (6) 397       (5) 54           (4) 14          (4) 22       (5)
Total 11245  (100) 566     (5) 8477     (75) 1396       (12) 360         (3) 446     (4)

In table 1.11, I have divided the population into much narrower age ranges. There is a steady

decline in mortality rate from the very young infants to reach a minimum at 4 – 5 years with a

slight peak in the 9 – 10 year old children and in those of over 30 years.
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TABLE 1.11: OUTCOMES BY AGE GROUP IN MONTHS

Age goup
in month

N Abandon
n      (%)

Dead
n       (%)

Cured
n        (%)

Transfers
n         (%)

0 to < 3 319 52    (21) 59     (24) 127     (51) 9         (4)
3 to < 6 319 61    (19) 51     (16) 181     (57) 26       (8)
6 to < 12 1345 303  (23) 212   (16) 730     (54) 98       (7)
12 to < 18 1878 429  (23) 203   (11) 1144   (61) 95       (5)
18 to < 24 1051 245  (23) 115   (11) 650     (62) 40       (4)
24 to < 36 2426 448  (19) 265    (11) 1610   (66) 102     (4)
36 to < 48 1041 124  (12) 108   (10) 775     (75) 33       (3)
48 to < 60 749 92    (12) 61     (8) 566     (76) 29       (4)
60 to < 72 548 55    (10) 51     (9) 424     (78) 18       (3)
72 to < 96 158 14    (9) 17     (11) 117     (74) 10       (6)
96 to < 108 90 6      (7) 13     (14) 68       (76) 3         (3)
108 to < 120 161 16    (10) 25     (16) 112     (69) 8         (5)
120 to < 144 128 11    (9) 12     (9) 98       (77) 6         (5)
144 to < 180 82 17    (21) 10     (12) 54       (67) 0        (.0)
180 to < 240 167 20    (12) 18     (11) 119     (71) 10      (6)
240 to < 360 198 26    (13) 29     (15) 134     (67) 9        (5)
360 to < 600 72 10    (14) 13     (18) 46       (64) 3         (4)

3. Description of the subjects by region

The geography, climate, staple foods, economic activity, lifestyle and race are different in the

different regions of Africa. In particular the Sahelian countries tend to be very dry with millet or

sorghum as the staple food and a pastoralist lifestyle. In West and East Africa, the predominant

cultures are of small-scale cultivation in subsistence farming. The data were therefore examined

by region.

3.1. Presence of oedema by region

The relative proportions of marasmus and kwashiorkor and the degree of oedema is given in table

1.12.  In the Sahel, marasmus was the dominant form of malnutrition with few patients having

gross oedema. In West Africa, oedematous malnutrition was much more common and in eastern

region, the majority of the patients presented with kwashiorkor (p<0.001).
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TABLE 1.12: DISTRIBUTION OF THE KWASHIORKOR - MARASMUS BY REGION

Oedema Sahel region (%) Eastern region (%) Western region(%) Total       (%)
Absence of Oedema 2897     (82) 3023     (49) 830     (57) 6750        (61)
Oedema + 241       (7) 1273    (21) 188     (13) 1702        (15)
Oedema ++ 274       (8) 1386    (22) 282     (20) 1942        (17)
Oedema +++ 103       (3) 494      (8) 146     (10) 743          (7)
Total 3515     (32) 6176    (56) 1446   (13) 11.137     (100)

3.2. Clinical signs by region

The presenting clinical features and associated conditions varied by regions (Table 1.13).

Hypothermia, fever, anaemia and cough were all less common in the Sahel.  However

dehydration was similar in the Sahel than elsewhere. Diarrhoea was a particular problem in East

Africa (64%) and anaemia in West Africa (50%).

TABLE 1.13: DISTRIBUTION OF CLINICAL SIGNS BY REGION
Signs N East    (%) Sahel   (%) West   (%)

Diarrhoea 5834 1354  (64.2) 1320 (47) 341     (36.5)

Vomiting 5756 721   (36.3) 1096 (38.2) 283     (31.7)

Hypothermia 4431 276   (14.2) 135 (6.4) 48      (13.5)

Hyperthermia 5395 495   (21) 309 (14) 308    (37)

Dehydration 5555 500   (25) 743 (33) 488    (38)

Anaemia 4562 568   (32) 304 (16) 453    (50)

Cough 6165 1700 (75) 1379 (54) 1042  (79)

Table 1.14 shows that no only diarrhoea was more common in the East, but it also lasted for

longer (4.7 days) compared to the other regions. Oedema in the East also resolved much more

slowly (7.6 days) and the patients were also kept for longer in phase 1. The total length of stay in

the centre was significantly longer in the Sahel than elsewhere.

TABLE 1.14: CLINICAL OUTCOMES BY REGION

Outcomes   East
  mean (sem)

Sahel
mean (sem)

West
mean (sem)

Total
Mean (sem)

# d. diarr 4.7 (0.1) 3.7 (0.1) 2.6 (0.1) 4.0 (0.1)*
# d. oed. 7.6 (0.2) 5.8 (0.2) 5.1 (0.2) 6.8 (0.1)*
# d. Ph 1 4.9 (0.1) 3.9 (0.1) 3.8 (0.1) 4.3 (0.1)*
# d. in total 24 (.23) 36 (.60) 26 (.44) 28 (.24)*
* p < 0.005 ANOVA for  measurements
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The outcome by region is shown table 1.15. The mortality rate was higher in the East and lowest

in the Sahel. The defaulter rate was lowest in West Africa and particularly high in the pastoralist

communities of the Sahel.

TABLE 1.15: OUTCOMES BY REGION
Outcomes N        (%) East     (%) Sahel    (%) West     (%)
Abandonment 2006   (18) 1062    (17) 791        (22) 153        (10.5)
Cured 7369   (65) 4053    (65) 2285      (63) 1094      (75)
Dead 1380   (12) 913      (15) 270        (7) 137        (9)
Transferred 522     (5) 176      (3) 279        (8) 67          (5)
Missing data 10       (.1) 4          (0.05) 3            (.1) 3            (.5)
Total 11287 (100) 6208    (51) 3625      (32) 1454      (13)

4. Description of the subjects by facility

Table 1.16 gives the number of patients who were cared for in the different types of facilities.

These are Residential Day Care Centres (RDCC), Non-Residential Day Care Centres (NRDCC),

Therapeutic Feeding Centres (TFC) and Specialised Nutrition Units (SNU). The RDCC was a

centre, which was running in emergency situations, and particularly in Maramvya, Burundi.

TABLE 1.16: DESCRIPTION OF THE FACILITIES

Care Frequency Percent
Residential Day Centre (RDCC) 1063 9.4
Non Residential Centre (NRDCC) 1107 9.8
Therapeutic FeedingCentre (TFC) 6250 55.4
Specialised Nutrition Unit (SNU) 2867 25.4
Total 11287 100.0

4.1. Clinical findings at admission by facility

Several clinical signs were more frequent in RDCC under emergency situations (Table 1.17).

Hypothermia and hyperthermia were particularly prevalent in hospital based specialised nutrition

units. There was very little hypothermia recorded for the non-residential patients. In RDCC,

kwashiorkor was particularly prevalent (45%) whereas with non-residential care (NRDCC)

marasmus predominated.
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TABLE 1.17: CLINICAL FINDINGS ON ADMISSION BY FACILITY

Clinical features N RDCC    (%) NRDCC      (%) TFC             (%) SNU     (%) Total    (%)
Diarrhoea 5834 659/1001   (66) 265/737      (36) 1109/2173   (51) 982/1923   (51) 3015   (52)
Vomiting 5756 306/1033   (30) 238/749      (32) 965/2144     (45) 591/1830   (32) 2100   (36.5)
Hypothermia 4381 126/1019   (12) 10/718        (1.4) 161/1785     (9) 162/859     (19) 459     (10.5)
Hyperthermia 5870 144/1022   (14) 95/723        (13) 468/3000     (16) 466/1125   (41) 1173   (20)
Dehydration 6029 164/1033   (16) 163/737      (14) 996/3125     (32) 450/1137   (40) 1773   (29)
Anaemia 5036 403/1029   (39) 115/763      (15) 790/2616     (30) 181/628     (29) 1489   (30)
Cough 6640 789/1032   (76) 272/775      (35) 2397/3458   (69) 991/1375   (72) 4449   (67)

A high percentage of oedema was occurring in the SNU and the RDCC (See table 1.18)

TABLE 1.18: OEDEMA BY FACILITY

Oedema Total        (%) RDCC.. (%) NRDCC    (%) TFC      (%) SNU    (%)
Absence of oedema 6750        (61) 352       (33.5) 846           (84) 4057     (65) 1495    (52)
Oedema + 1702        (15) 182       (17) 96             (9.6) 821       (13) 603      (21)
Oedema ++ 1942        (17) 435       (41) 51            (5.1) 976       (16) 480      (17)
Oedema +++ 743          (7) 91         (9) 12            (1.2) 364       (6) 276      (10)
Total 11137      (100) 1060     (9.5) 1005        (9) 6218     (56) 2854    (26)

4.2. Clinical outcomes by facility

Table 1.19 gives the outcomes by facility. The most “successful” form of treatment was in the

TFCs where 73% of admitted patients were cured. The mortality rate was reasonably low and

relatively few patients abandoned the program. The mortality rate was high in acute emergencies

(20%) where the staff was recently recruited and very large number of patients were admitted

over a few days. The non-residential unit had a low mortality, however a large number of patients

abandoned these programs (35%). It is possible that some of these patients recorded as

“abandoning” actually died during the night when they were at home. Their failure to report the

next day being recorded or a default instead of a death. The low mortality (4%) in this situation

must therefore be seen as a minimum figure, and much less reliable than the other mortality rates.

TABLE 1.19: OUTCOMES BY FACILITY
Outcome DRCC

n         (%)
NRDCC
 n         (%)

TFC
n       (%)

SNU
n        (%)

Abandon 146    (14) 382      (35) 782   (12) 696    (24)
Cured 681    (64) 609      (55) 4582 (73) 1557  (54)
Dead 212    (20) 43        (4) 472   (8) 593    (21)
Transferred 21      (2) 70        (6) 411   (7) 20      (1)
Missing Outcomes 3        (0.3) 3          (0.3) 3       (0.3) 1        (0)
Total 1063  (9) 1107    (10) 6250 (55) 2867  (25)
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The hospital based nutrition units had both a high defaulter rate and the highest mortality rate.

This can be ascribed, in part, to the failure of the hospital medical staff to respect the provisions

of the protocol; particularly with respect to electrolyte infusion and the liberal but inappropriate

use of oral rehydration.

TABLE 1.20: CLINICAL OUTCOMES BY FACILITY

Outcome RDCC NRDCC TFC SNU
n Mean (SEM) N Mean (SEM) n Mean (SEM) n Mean (SEM)

# d. diarrh. 659 5.5 (0.1) 265 2.9   (0.2) 1100 3.5   (0.1) 900 4.0  (0.1)
# d. oed. 708 8.0 (0.3) 105 7.1   (0.6) 1006 6.4   (0.2) 1352 6.5  (0.2)
# d. Ph 1 1055 5    (0.1) 891 4.5   (0.1) 3253 3.7   (0.1) 2806 4.7  (0.1)*
# d. in total 1063 27.8 (.6) 1102 56.5 (1.5) 6247 25.6  (.2) 2866 23.3 (.4)*
*d.=days – diarrh. =diarrhoea – oed. =oedema - Ph 1=Phase 1

The difference between RDC centres and the other centres is greatest for the duration of diarrhoea

and loss of oedema. The length of stay is particularly long in the NRDCC; however this can be

specifically attributed to the management of the centres, in Sudan, such as Ashwa, Wad El Beshir

and El Salam.
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PART 2

ANALYSIS OF MORTALITY
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Chapter 1: Introduction

1. Mortality and malnutrition

Humanitarian organisations have worked intensively to improve the management of severe

malnutrition over the last decade. This has clearly been effective, as the mortality has decreased

from 30% to below 10% in TFCs. On the other hand, 20 to 40% of the malnourished children die

within poor resources hospitals using traditional treatment (Schofield and Ashworth, 1996).  As

many of the deaths are ascribed to, and recorded as being due to, the terminal event, pneumonia

or diarrhoea, the actual mortality from severe malnutrition is higher.  In developing countries, the

accuracy and coverage of death rates are limited.  UNICEF, WHO and UN statistical services

have tried to assemble the available information on death rates.  However, it is often ten years

before they are published. With conventional methods of classifying cause of death,

approximately 70% of child deaths (0 - 4 years) worldwide are due to a small number of

infectious diseases. They receive the majority of donor and national support in the health domain

(Pelletier et al., 1994).  Despite the long-recognised synergism between malnutrition and

infection as the cause of child mortality, malnutrition does not appear as a major cause of death in

health statistics from any country, anywhere. For example, in an analysis of nearly 13,000 infant

and child deaths in Bangladesh malnutrition was not included in a list of ten specific causes of

deaths (Chen, 1986).

This omission can be partly explained by the lack of a precise definition of severe malnutrition.  It

is only very recently (February 1999) that the WHO manual on the treatment of SM gives precise

WH indices and / or oedema as the definition of severe wasting and / or presence of oedema;

either being considered as defining severe malnutrition. The growth-monitoring strategy,

developed mostly by UNICEF as the standard method of surveillance, has the objective of

detecting faltering in growth at an early stage in order to prevent a child for becoming

malnourished. However, the distinction between moderate and severe underweight is not obvious

for health workers, even within UNICEF. As WA is used, there is always confusion between

severe wasting and stunting and, the cut off point WA (- 4 SD or - 3 SD or 70% or 60%) to define

malnutrition is still confused at a management level.

Most of the time, the only curves printed on the growth-monitoring chart are - 3 SD WA or 3

percentile and / or - 1 SD or 16 percentile in WA. These do not allow a well-trained health worker

to distinguish between cases with moderate and severe underweight. In addition, the severe

underweight (- 4 SD in WAZ) curve is never drawn. The health worker knows the inaccuracy of
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age in most of the poorest countries. These reasons explain why a malnourished child is rarely

admitted in a hospital. The only way to be admitted is with another clinical diagnosis such as

measles, tuberculosis, respiratory tract infection, or diarrhoea.  For underweight, a supplement of

food, which lacks fat-energy, type II nutrients and many micronutrients is sometimes offered to

the child.  This could be one explanation for the low number of cases of severely malnourished

children seen in resource-poor hospital services and the gross underestimate of death from

malnutrition.

These considerations were examined by Pelletier (1994). He demonstrated that the statistics do

not recognise the potent effect of malnutrition on mortality. He developed a methodology to

examine the strength of the association between malnutrition and mortality in developing

countries. He estimated the relative risk of death with severe malnutrition as 8.4 (SEM: 2.1), for

moderate malnutrition 4.6 (SEM: 0.9), and for mild malnutrition 2.5 (SEM: 0.3). He applied these

results to survey data from Ethiopia and India for illustrative purposes. The analysis showed that

42 - 57 % of all child deaths in the sample are due to malnutrition as an underlying cause of death

from infectious diseases. Just as HIV infection is another underlying cause of death from overt

infectious disease. Nevertheless, although we now recognise severe malnutrition as the

underlying cause of death in many children, there remains problems a) with definition, b) with the

interpretation of hospital-based statistics from most of the developing world, c) with examining

the effect of introduction of new treatments or protocols, d) when there is a simultaneous change

in the definition of which patients are and which are not malnourished. For this reason, most

“before and after” studies cannot be evaluated.

2. Prognosis

There are variations in the clinical signs of SM and the patterns that predominate in different

countries, regions, seasons and during periods of emergency or non-emergency (Prudhon et al.,

1996). The pattern of biochemical changes also seems to be related to the degree of severity.

Although some factors can be measured and statistically analysed, other factors such as mental

state and severity of infection are difficult to record objectively (Garrow and Pike, 1967). Gurson

and al (1976) have reviewed the factors affecting prognosis in SM. Mortality is most clearly

related to the following:

The degree of wasting on admission (Gomez et al., 1956), (Prudhon et al., 1996), (Gurson

et al., 1976)

The level of bilirubin (Garrow et al., 1962),

A low serum sodium (Garrow and Pike, 1967),
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The electrolyte imbalance,

Specific nutrition deficiencies, such as selenium (Golden and Ramdath, 1987),

Iron overload (Golden and Ramdath, 1987),

Vitamin A and E levels (McLaren et al., 1969)

2.1. Anthropometric factors and the presence of oedema

Gomez et al (1956) first demonstrated the association between weight deficit and mortality,

confirmed by Kahn E. (1959) three years later.  The large study by Ramos-Galvan and Calderon

(1965) also demonstrated the importance of the age as a factor. However the existence of oedema

was, for some authors, not a good indicator of outcome Gurson et al. (1976) and Gomez et al.,

(1956). There is considerable evidence, that oedema is a sign of a deranged body biochemistry.

Although there is no consistency in the literature about the relationship between oedema and

mortality, anthropometric indexes seem to have a better predictive value for mortality for children

without oedema than for those with oedema (Prudhon et al., 1996). Most recent authors agree that

the prognosis is worse in marasmic - kwashiorkor that in other types of SM (Waterlow, 1992).

Prudhon compared different anthropometric indexes to predict the risk of death among SM

children and found that indices of weight deficit and oedema were both independently related to

risk. Using logistic regression techniques, she was able to derive predictive equations, which

quantified the risk of death for both wasted and oedematous children (Prudhon et al., 1996).

2.2. Serum Bilirubin

Garrow and Pike (1967) found bilirubin to be the most sensitive prognostic feature. A bilirubin

concentration of 0.6 to 2 mg was associated with a mortality rate over 50 %. This finding was

confirmed by Kahn (1959) and Mac Lean and Oxon (1962). The presence of a fatty enlarged liver

makes it extremely difficult to treat these children successfully. However a raised bilirubin level

is not confined to those with hepatic failure (McLean and Oxon B.M., 1962) and even in children

with no liver enlargement, serum bilirubin stood out as the best prognostic index. These studies

were carried out in Jamaica where malaria, with resultant haemolysis, does not occur.

2.3. Serum Sodium

Garrow also found a low serum sodium ((Garrow and Pike, 1967), (Garrow et al., 1962)) in 72

per cent of the children (< 120 mmol). Kahn (1959) analysed prognostic criteria in a series of 100

children with oedema and nutritional dermatosis. He concluded that dehydration with

hyponatraemia and hypokalaemia carried a bad prognosis. However, the problems of assessment
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of dehydration in SM child makes a valid comparison between these reports difficult ((Garrow

and Pike, 1967), (Kahn, 1959)). Smith (1963) noted that hyponatraemia was associated with a

high mortality; and that therapeutic over-hydration is a potent cause of death in malnourished

children. He showed that the SM child's body contains a normal or increased percentage of water

(Smith, 1960), even when non-oedematous.

2.4. Transferrin

Data from earlier studies suggested that a low level of transferrin in SM children with oedema is

closely associated with mortality. Mac Farlane et al.(1970) found low levels of transferrin in

Nigerian children with oedema. A study on 40 children with kwashiorkor demonstrated that the

mean level of serum transferrin of those who died was lower (330 mg /l) than that of those who

survived (1300 mg/l). Similar studies reported low levels of transferrin from Uganda by Masawe

& Rwabwogo-Atenyi (James, 1971). In Jamaica, Golden and Ramdath (1987) reported similar

findings: malnourished children who died had a low plasma transferrin (760 mg/l) compared to

those with kwashiorkor (840 mg/l), kwashiorkor marasmus (1100 mg /l) and marasmus (1700

mg/ l) who survived. It is clear that the transferrin level is abnormally low in malnourished

children, especially with oedematous malnutrition. This suggests that transferrin is a good

indicator of prognosis.

Mac Farlane et al. (1970) demonstrated that, when transferrin is low and over saturated with iron,

free circulating iron is then available to promote bacterial growth. He suggested that septicaemia

due to Fe becoming available for bacteria was the cause of death. Ramdath et al (1989) found that

if the plasma Fe levels are normal and the transferrin is low, then the transferrin saturation was

high, and the capacity to bind more Fe reduced. He demonstrated that transferrin saturation was

higher in oedematous malnutrition and closely related to mortality.  Smith R. (1963) confirmed

the possible deleterious effect of iron supplementation: of 10 children who received iron

supplementation and died, 9 had kwashiorkor while only one had marasmus.

2.5. Plasma Ferritin

Sri Kantia (1958) in India and Cabarello et al. (1983), in Guatemala, found that plasma ferritin

level was high in malnutrition. Golden et al. (1985) examined this phenomenon, by measuring the

admission concentration of ferritin on 163 children with severe malnutrition. Of the children with

plasma ferritin values greater than 250 mcgr per litter, 64 % died. This study clearly demonstrates

that plasma ferritin is an excellent prognostic indicator. Ramdath and Golden (1989) also show

that kwashiorkor had a much greater excretion of iron in the urine after desferrioximine
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administration than those with marasmus. This finding shows that iron overload may be an

important feature of SM, particularly for kwashiorkor. When children were treated with iron

supplements at an early stage after admission, mortality was high. Iron is one of the major

biological generators of free radicals so that high levels of storage as circulating iron may result

in fatal generation of free radicals.

2.6. Selenium

Selenium has been shown to be reduced in the blood of children with kwashiorkor in Thailand

(Levine and Olsen, 1970), Guatemala (Burk et al., 1967) and Zaire (Fondu et al., 1978).

Golden and Golden (1985) found that Glutathione Peroxidase (GPX), a selenoenzyme, is reduced

in malnutrition. In a group of 58 children, 26 children had a low status of Selenium (20-57 IU/g

hb); There was no relationship between oedema and the low level of Glutathione Peroxidase

(GPX). Eleven of the 26 developed cardiac failure with acute dyspnea, cyanosis, and a weak

pulse, gallop rhythm and engorged neck veins. All except one of the 11 had GPX levels at or

below limit of normal. Four of them died from cardiopulmonary syndrome. At death, they all had

grossly dilated ventricles as well as fatty livers. Golden concluded that the levels of blood

selenium reported in Keshan disease, a cardiomyopathy discovered in China in 1935, are similar

to those found in malnutrition.

2.7. Vitamin E and A, carotene

Plasma vitamin E, plasma vitamin A and Carotene are severely reduced in malnutrition (Golden

and Ramdath, 1987). Decreased serum vitamin A concentrations have been described in children

with SM by R. Smith et al. (1973) suggesting a decrease of plasma retinol binding protein (RBP),

which transports vitamin A from the liver stores to tissues where it is required. Mac Laren et al.

(1969) showed significant difference in serum vitamin A, serum carotenoid and serum vitamin E

levels, between patients who recovered and those who died. For him, they play a protective role,

by maintaining stability of the cellular and sub-cellular membranes. In Jamaica, Golden et al.

(1987) found that vitamins E and A are reduced in both oedematous and non-oedematous

malnutrition: out of 107 children, three of them with plasma vitamin E level below 5 mg/l died

compare to none with normal levels.

These vitamins seem to have a specific relation to the prognosis, and are useful in the

classification of malnourished children. It is not clear whether the levels are low because of an

increased rate of consumption by dissipation of radicals or whether they are low because of an

inadequate dietary intake or both.
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2.8. Age

The influence of age was clearly established by Ramos-Galvan and Calderon (1965). His

mortality figures varied from 39 per cent during the first year of life to 28 per cent during the

fourth year of life and 13 per cent thereafter. However, most children reaching hospital with

severe malnutrition are between 12 and 24 months (Wills and Waterlow, 1958). Although

kwashiorkor in school-age children and marasmus in the first 6 months are also common. The

peak prevalence of wasting, from UN figures, occurs between 1- 2 years of age (UNICEF, 1989).

In contrast to developed countries, in developing countries, the Child Mortality Rate (CMR) to

Infant Mortality Rate (IMR) ratio is high.  Dyson estimated the average of CMR in the countries

of tropical Africa to be 40 per 100, which is some 50 times the CMR in Western Europe

(UNICEF, 1989). In absolute terms however more deaths occur in the first year than in any

subsequent year.

2.9. Diarrhoea

In Uganda, the risk of death was increased ten-fold, in children with diarrhoea, if their weight for

age was below -2 SD or their MUAC less than 12 cm (Vella, 1990). In Senegal the fatality rate

for children admitted to hospital with diarrhoea was increased more than two-fold if WFH was

less than 80 per cent, and six fold in those with oedema (Beau and Garenne, 1987). Gomez also

found a significant influence of the presence of diarrhoea at admission (Gomez et al., 1956).

2.10. Pathology of the lungs

There is little experimental information on malnutrition and respiratory infections and how it

influences the fatality rate. Bronchopneumonia itself may be responsible for the production of

acid-base disturbances, which may not be clinically apparent (Gomez et al., 1956). Brooks and

Golden (1994) reviewed the autopsy records of 115 children with severe malnutrition in Jamaica.

Lung histology showed evidence of bacterial pneumonia in 49 % of cases. An additional 18%

showed bronchitis, bronchilitis or interstitial pneumonitis, and 6% showed pulmonary oedema

and congestion. Ten per cent of the children also showed evidence of gastric contents. This may

be a consequence of difficulties in swallowing which have been observed in very ill children or to

agonal aspiration in an autopsy series. Campbell found bronchopneumonia in 31 out of 40

autopsies on malnourished children in Cape Town (Campbell, 1956).
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2.11. Measles

The relation between measles and severe malnutrition well documented. Morley drew attention to

the remarkable severity of measles in Nigeria and attributed this to malnutrition.  In another

study, the extreme severity was attributed to overcrowding, which results in the child receiving a

very large dose of virus over a short period of time. However the conviction that SM aggravates

measles is challenged by findings of prospective community-based studies (Aaby and Coovadia,

1985). The mortality from measles was studied in an urban area of Guinea-Bissau one year before

and five years after the introduction of a vaccination programme. The years after the introduction

of immunisation saw a decline in mortality among unvaccinated children with measles. This

decline occurred despite a lower age at infection and an increasing prevalence of malnourished

children. Furthermore, the State of nutrition (weight for age) did not affect the outcome of

measles infection (Aaby et al., 1988). In Bangladesh, Chen found that malnutrition played little

part in this infection (Campbell, 1956).  These differences are unexplained.

2.12. Others

Kahn found skin lesions, hepatomegaly and hypothermia as important prognostic factors (Kahn,

1959).

3. Description of the physiological changes during the acute phase of the treatment

The abnormal physiology is clearly related to mortality risk.

The immediate threats to life are managed in "this acute phase of 1 to 2 days follow by an

intermediate phase of about a week during which reversal of the metabolic abnormalities is

expected." (Golden, 1996).

3.1. Patho-physiological changes

Body composition is severely affected. Muscle mass may be reduced by one half, and

subcutaneous fat may disappear (Jackson and Golden, 1983).  Histologically, there is decreased in

both fibre diameter and number with a severe reduction in cell size; the muscle cytoplasmic mass

seems to be replaced by collagenous tissue at the cellular level (Waterlow and Mendes, 1957).

Liver, kidneys, brain and intestine contribute to the total loss of body weight (Jackson and

Golden, 1991).  However, the decreases in fat and lean body mass are variable (Alleyne et al.,
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1969). These changes in body composition form the basis of assessment of the severity of

malnutrition.

In kwashiorkor, there is relative preservation of adipose tissue, whereas this may not necessarily

apply to marasmic kwashiorkor where adipose tissue can be severely depleted.  In the presence of

a massive fatty liver, which may contain about 50% of the total body fat, skinfold thickness

provides a false impression of the amount of fat in the body as a whole. The fat in the liver,

however, clearly arises from a pathological process.

In marasmus, the Total Body Water (TBW) as a percentage of body-weight is increased and this

is predominately in the extra-cellular space (Waterlow and Alleyne, 1971). Values of the extra-

cellular space were based on measurements of the thiosulphate and bromide spaces. These

methods tend to over-estimate the extra-cellular space. However, TBW is clearly increased in all

oedematous patients, using isotope-dilution technique and by desiccation in cadavers.

In marasmus (Golden, 1988), one of the most profound changes is a slowing of the activity of the

sodium pump. Normally, this ion pump consumes one-third of basal energy requirements. This

adaptation which saves energy, results in the intracellular sodium concentration rising from

109mM/kg/DS to 169 and potassium falling from 387mM/kg/DS to 341 (Patrick and Golden,

1977). The plasma sodium tends to be low, with an increase in intracellular content in all tissues

studied: muscle, liver, erythrocytes, and leukocytes.

In kwashiorkor, the membrane passive leak is increased. This causes an increased intracellular

sodium and a decreased intracellular potassium similar to that seen in marasmus but by different

mechanism.

There are nearly always total body deficits of other intracellular ions even though plasma

concentration may be maintained. Biopsy specimens and post-mortem material show a relative

depletion of muscle magnesium and phosphorus. In general there is an extensive demineralisation

of bone, which in normal individuals, act as an important buffer to maintain mineral homeostasis

(Alleyne et al., 1977). Phosphorus depletion has been implicated as a critical factor in reducing

renal acidifying capacity.  The concentrations of zinc and copper in muscle and liver are reduced

in proportion to soluble protein, these trace elements being closely associated with soluble

enzyme proteins (Golden et al., 1985). There are clinical similarities between the zinc deficiency

syndrome, acrodermatitis enteropathica, and kwashiorkor such as anorexia, diarrhoea, skin

excoriation, and defective imunocompetence. The similarity is not necessarily etiologically

significant; however there is a beneficial effect of zinc on the skin lesions of kwashiorkor and

immunocompetence, particularly delayed hypersensitivity to Candida antigens (Golden et al.,
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1978). Oral zinc supplementation results in re-growth of the atrophied thymus gland (Golden et

al., 1977).

The activity of the erythrocyte enzyme copper/zinc superoxide dismutase (CuSOD) has been used

to assess copper status. It fell by 25% over a period of 5 weeks in children recovering from severe

malnutrition, who were un-supplemented, but was unchanged in those receiving supplements.

Twelve percent of the Jamaican children suffering from severe malnutrition had reduced copper-

zinc superoxide dismutase activity on admission.

The plasma and erythrocyte selenium concentration may be reduced by about half in kwashiorkor

reflecting a true selenium deficiency. There is evidence for other depletions such as manganese,

and vanadium. Each mineral has specific metabolic roles, which are compromised in the

malnourished patients.

Specific vitamin deficiencies often exist; they are more likely to be associated features rather than

a primary cause of disease. The sulphur amino acid peptide glutathione is essential to protect thiol

groups on proteins and as a co-factor for glutathione peroxidase and s-transferase.  Most

commonly, eye signs are associated with vitamin A deficiency, anaemia, from folic acid, iron or

copper deficiency and bone disease from vitamin C or D, calcium, phosphate or copper

deficiency. These signs have regional differences. The vitamin tocopherol, ascorbate and carotene

are very effective radical scavengers in lipids domain, and riboflavin, niacin, and thiamin are

essential to remove peroxides and maintain NADP(H), from nicotinic acid in its reduced state.

The Basal Metabolic Rate (BMR) in marasmic children is reduced from 79 kcal/kg/day to 66

kcal/kg/day. This adaptation to lower energy requirements occurs in part through more efficient

use of dietary constituents and is despite the malnourished body having a lower proportion of

muscle and fat to viscera so that on a body composition basis, one would expect the opposite.

Malnourished children derive only 4% of their total energy from protein compared with 7% after

recovery (Kerr et al., 1978). The intensity of protein synthesis and breakdown is about 7 g/kg/day

in normal children and 4 g/kg/day in normal adults accounting for about one-quarter for the

BMR. Measurements in malnourished children show that the turnover is reduced by almost 40

per cent (Golden et al., 1977).  As dietary intake of essential nutrients is reduced, the rate of

protein synthesis falls below that of breakdown resulting in a negative nitrogen balance and a net

loss of protein from the body.  This loss cannot be equated with dietary deficiency of protein as it

is often due to a deficiency of energy and minerals and vitamins needed as building blocks to

protoplasm (type II nutrients).

The malnourished patient becomes poïkoliothermic with an abnormal response to variation in

environmental temperature. In the face of a cold stress, there is a reduction in oxygen
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consumption whereas the normal response is an increased consumption (Brooke and Ashworth,

1972). Hypoglycaemia is often found in association with hypothermia. Both these features may

be related to low catecholamine output as this is impairment for both gluconeogenesis and for

non-shivering thermogenesis in brown fat.  Malnourished patients also have an abnormal

sweating response and so may develop daytime pyrexia.  Heat stress is probably a more frequent

cause of pyrexia than an endogenous response in infection (Keenan et al., 1982).

The reduction in the whole body response is reflected in the capacity of the individual organs.

There is reduction of cardiac output (from 6.99 to 4.77 l/min/m3) due to a lower stroke volume12

and heart rate. The kidney has a decreased capacity to concentrate or dilute the urine, and the

excretion of free hydrogen ions, titrable acid and ammonia in response to acid load are all

reduced (Klahr and Alleyne, 1973). When oedema fluid is mobilised, the intravascular volume

may expand greatly, reflecting the limited ability of the kidneys to excrete sodium and water

(Alleyne et al., 1977).

Gastrointestinal function is seriously disturbed in kwashiorkor; the stomach mucosa is atrophic

and gastric acid secretion is reduced (Gracey et al., 1977). This removes one of the protective

mechanisms against bacterial overgrowth and infection in the upper intestine. The resulting

abnormalities in bile salts and bacterial toxins and other metabolites impair intestinal digestion

and absorption (Mata et al., 1972).  Some enteric bacteria produce proteases that damage the

integrity of the brush border of enterocytes in the upper intestine. The intestinal mucosa is usually

flattened; and villi are shortened and blunted with distorted mucosal epithelial cells and extensive

inflammatory infiltration in the lamina propria. This is associated with a marked reduction in the

functional capacity of all the digestive enzymes and the transport for nutrient absorption.

Malnourished children are particularly subject to repeated and chronic gut infections. Exocrine

pancreatic function is also depressed in severe malnutrition and contributes to impaired digestion

and absorption of nutrients (Barbezat and Hansen, 1968).

The extend of hepatic dysfunction is closely related to the overall prognosis. The synthesis of

transport proteins such as transferrin and albumin is reduced and limits the liver’s ability to

metabolise and excrete toxins impaired; there is a reduction in the gluconeogenesis, and biliary

secretion is limited. Fatty liver is probably a result of failure to mobilise triglyceride, possibly due

to a limitation in synthesis of lipoprotein or a deficiency of carnitine.

The usual clinical responses to infection, including fever, tachycardia and local inflammation are

often absent or blunted. The barriers to infection are damaged and there is reduction in quantity

and quality of the secretions, so there is reduced flow of anti-infective agents on surfaces exposed
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to the environment.  In particular, the output of gastric acid, secretory IgA and lyzozymes is

reduced. Leukocyte concentration of lyzozymes, lactoferrin, myeloperoxidase and interferon are

low. Most studies have shown a normal or even, an exaggerated humoral immune responses.

Serum concentrations of IgE and IgG are high in severe malnutrition. This is in contrast to cell-

mediated immunity, which is profoundly depressed. There is a more profound atrophy of the

thymus than in any other organ. Lymphoid tissue is atrophic. The circulating count of mature T

lymphocytes is reduced. The immune deficiency in HIV and malnutrition is similar. They both

frequently have fatal complicating infections and knowledge from one should certainly help in

understanding and managing both.

There are marked changes in the hormonal balance. Growth hormone levels are usually elevated

in association with low insulin concentrations. Somatomedin, catecholamine and glucagon levels

are low. Thyroxin and triiodothyronine, are reduced. Aldosterone is high in both oedematous and

non-oedematous children. The hormonal changes are difficult to interpret in functional terms.

3.2. Causes of death in SM

Waterlow (Friedland, 1992) gave a list of the main causes of early death. They are dehydration

and electrolyte disturbances, over-treatment with fluids, cardiac failure, undiagnosed and

untreated infections, severe anaemia, liver failure (massive hepatomegaly and jaundice),

hypoglycaemia and hypothermia.

3.3. Major diagnoses (implications and misunderstanding)

The major sign is anorexia; it is considered as a “barometer” of the condition of the child.  Poor

appetite is mostly due to type II nutrient imbalance (Golden, 1996), inflammatory response

mediators or to liver disease.

In the WHO Manual (1999), Golden explained how many signs normally used to assess

dehydration are unreliable in a child with severe malnutrition. This makes it difficult or

impossible to detect dehydration reliably or to determine its severity. Moreover, many signs of

dehydration are also seen in septic shock. This has two effects: (1) Dehydration tends to be over-

diagnosed and its severity over-estimated (re-feeding diarrhoea is often considered as diarrhoea

and ReSoMal is given even for persistent diarrhoea); (2) it is often necessary to treat the child for

both dehydration and septic shock. And (3) children with oedema are frequently diagnosed as

“dehydrated” instead of hypovolaemic due to septic shock.

                                                                                                                                                                            
12 Stroke volume changes: 53.0 ml/beat/m3 to 44.1
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All severely malnourished children are at risk of developing hypoglycaemia (blood glucose

<3mMol/l or <54 mg/dl), which is an important cause of death during the first two days of

treatment. Hypoglycaemia may be caused by serious systemic infection or liver dysfunction and

can occur when a malnourished child has not been fed for 4-6 hours. This often happens during

travel to hospital. The best way to prevent hypoglycaemia is to give food every 2-3 hours day and

night.  Signs of hypoglycaemia include low body temperature, lethargy, limpness and clouding of

consciousness. Sweating and pallor do not usually occur in malnourished children. Often, the

only sign before death is drowsiness. This explained why hypothermia and hypoglycaemia are

often not unrecognised in the early phases.

Children with very severe anaemia 13 need a blood transfusion. But if there are signs of heart

failure, blood should be withdrawn (2.5ml/kg) before the transfusion is started and at hourly

intervals during the transfusion, so that the total volume removed equals the volume transfused.

Congestive heart failure is usually a complication of over-hydration (especially when an Intra-

Veinous (IV) infusion or standard ORS solution is given), very severe anaemia, blood or plasma

transfusion, or giving a diet with a high sodium content. These children are very sensitive to these

factors and even a slight stress readily provokes heart failure. Later signs are weight gain,

respiratory distress, rapid pulse, venous engorgement, cold hands and feet, and cyanosis of the

fingertips and under the tongue. Cardiac overload is a major threat with inappropriate re-feeding

practices. Confusion between cardiac failure and acute respiratory infection often arises. Heart

failure must be differentiated from respiratory infection and septic shock because the treatments

are quite different. It is useful to recall that these usually occur within 48 hours of admission,

whereas heart failure usually occurs somewhat later and may be accompanied by weight gain.

3.4. ACF protocol in Phase 1

During this phase, the patient is not supposed to gain any new tissue or sustain any further loss.

This is why a strict control of energy intake is required:

80 to 100 Kcal / kg / day for children,

30 to 40 KCAL / kg /day for adults,

in limited quantities of food and frequent meals to avoid hypoglycaemia and hypothermia.

In ACF, during 1994, HEM was used as the only re-feeding product in certain areas such as

Ashwa and Buchanan.

                                                          
13 Haemoglobin < 40g/l
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Nearly all severely malnourished children have bacterial infections when first admitted. Many

have several infections caused by different organisms. Although signs of infection are often

subtle or absent.  Unlike well-nourished children with infection, who react with fever and

inflammation, malnourished children with serious infections may only become apathetic or

drowsy. In ACF, some centres were supposed to adopt systematic antibiotics’ treatment from

admission to the fourth day of phase 2 as most experienced physicians advocate 'blind' antibiotic

chemotherapy of all individuals.  R. McBurney (MSc University of Aberdeen, 1998) undertook a

case-control study in 1998 of 16 centres. He showed that over one third (37%) of the variation in

mortality rate between TFCs is related to the proportion of admissions that receive antibiotic

chemotherapy on admission. (p=.006). “In order to keep mortality at or below the predicted

value, at least 50% of the patients in an TFC must have received antibiotics 'On admission'. By

giving antibiotic therapy to every admission to the TFC, mortality rates could be reduced to half

of the predicted value.”

In this thesis, systematic antibiotic therapy has not been taken into account initially because of the

difficulty in classification and analysis of the many different regimens that have been adopted.

However, the failure to follow the antibiotic protocol, largely because of the individual conviction

of local physicians that they could reliably identify infection, only became apparent after the data

were entered into the database: it was not feasible to re-examine the 11,287 records and abstract

these data.

Chapter 2: Hypothesis and objectives

1. Hypothesis

Severe malnutrition case fatality rate varies with the quality and type of care, the region, the staff

training, the introduction of treatment and the diet used for individual patients.

2. Objectives

1. To examine the factors associated with variation in mortality,

2. To examine the temporal changes in mortality, in relation to changes in practice.

3. To assess the relative importance of the factors, which have a major influence on mortality

during the treatment of SM.
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Chapter 3: Methodology and subjects

1. Methods

1.1. Measurement of Case fatality rate & mortality risk

Mortality rates are normally expressed as a simple percentage of admissions, and vary widely

from centre to centre. This is very unsatisfactory because there is no way of differentiating

mortality that is due to variation in practice or forms of treatment from that due to the severity or

form of the disease itself. Thus, admission policy could have a profound effect upon the observed

mortality experienced by a centre. If only the most severe cases were admitted14 one would expect

a high mortality, whereas if less severe cases were also admitted the mortality would fall.  This is

the main reason advanced by hospitals (without any justification) to explain their much higher

mortality rates than those reported from TFCs operating in refugee camps.

In order to standardise the severity of the disease, Prudhon et al (1996) analysed the risk of death

based upon anthropometric data from 1047 children that survived and 147 who died during

treatment in centres run by MSF and ACF in Africa, in 1993. The predictive equations derived

were then tested in a further series of centres: the ones that were thought to be functioning well

had a mortality rate, which was not different from the expected mortality rate.  Several centres

that were known to have experienced problems, had inappropriate protocols or had inexperienced

staff had a significantly higher mortality that predicted. Because these equations “standardise” the

severity of malnutrition and generate a risk of mortality, I have used Prudhon et al’s equation to

estimated an “expected” mortality rate for each centre and then compared the observed to

expected mortality rate using the Poisson distribution to assess significance.

Prudhon’s equation used to calculate “Prudhon’s Index” was calculated by an RS1 routine as

follows:

Prudhon’s Index =

1/(1 + EXP(-(20.6 - 9.99*LOG(WT)/(HT**1.74)) +(1.36*OED)))

where WT = weight; HT = height; oed = the presence or absence of oedema.

                                                          
14 Such as often occurs in extreme emergencies when resources are particularly limited
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In order to examine the different phases of the treatment and, when death occurred in relation to

changes in treatment, the weight of the patient or some other characteristic, it was necessary to

develop a new tool, which would apportion the risk of death, calculated for an individual patient,

over selected time periods from admission to discharge.

1.2. Development of Tfc_pru software program to analyse mortality data15

Although each child has a “likelihood” of death calculated from Prudhon’s equations, as

treatment progresses and the child recovers the risk of death diminishes. In order to determine the

rate at which this risk diminishes the deaths of 599 children aged 6 – 59 months were considered.

These 599 deaths represented all the deaths that occurred in centres where the standard protocol

had been implemented. Deaths, which occurred in the general paediatric ward of the hospitals of

North-Uganda were therefore excluded on the grounds that the paediatricians in charge

substantially and consistently deviated from the protocol. This decision was made a priori. Table

2.1 gives the percentage of deaths that occurred on each day after admission. So that 19.2% of

deaths occurred on the first day, 14% of the second day, and 9% on the third day, etc. The

cumulative percent of deaths, which occurred with time after admission is given in figure 2.1

Ninety four percent of all deaths occurred within the first 26 days after admission and 6% after

this time.

Inspection of the graph when plotted on a log(e) scale (figure 2.2) showed that the risk of death

diminished after admission exponentially. There appeared to be two distinct exponential

functions. Regression of the points that were clearly in the first exponential (days 1 – 23) and

those that were clearly in the second function (> 30days) showed that the regression lines

intersected at day 26 after admission. This was therefore taken as the “break point” in the two

functions. The risk of death for the first 26 days was computed from the regression of the

cumulative proportion of children that had died against log(e)time the second exponential was

computed from the regression from log(e)days 27 to 114.

The equation and regression coefficients were as follows:

From day 1 to 26:

For the purposed of this analysis, the day of admission was termed day 1 and not day 0. A

regression of the proportion of death (p) against log(e)day after admission

p = a + b*lnday
multiple r = 0.999
squared multiple r = 0.998

                                                          
15 This program was conceived, written and developed by Pr Golden specifically to analyse the data presented in this thesis
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Variable Coefficient Std error Std coef t          / p (2 tail)
Constant (a) 0.17489 0.00552 0.000 31.712 /.10E-14
Lnday (b) 0.23769 0.00999 0.100E+01 107.544/.10E-14

Analysis of variance
Source Sum-of-squares DF Mean-square F-ratio p
Regression 9915.201 1 9915.201 11565.796 .999201E-15
Residual 20.575 24 0.857

The equation for day 1 to 26 is therefore

Prut = 0.17489 + 0.23769*ln (Time)

Where Prut is the cumulative proportion of the total risk of death incurred up to time (T)

From day 26 to 100:

A similar analysis for day 26 – 100 gave

multiple r = 0.993,

squared multiple r = 0.986

Variable Coefficient Std error Std coef t            /  p (2 tail)
Constant (a) 0.76955 0.00506 0.000 152.054 /10E-14
Lnday   (b) 0.05252 0.00999 0.100E+01 39.581  /.10E-14

Analysis of variance
Source Sum-of-squares DF Mean-square F-ratio p
Regression 71.806 1 71.806 1566.648 .999201E-15
Residual 20.575 24 0.046

The equation from day 26 to 100 is therefore

Tpru = 0.76955 + 0.05252*ln(Time)

Where Tpru = the cumulative proportion of risk incurred from admission to time (T).



54

54

Figure 2.1: Cumulative % of deaths by day during treatment, 6 to 59 months

Figure 2.2: Cumulative % of deaths by lnday during treatment, 6 to 59 months

TABLE 2.1: CUMULATIVE % OF DEATHS BY DAY OF TREATMENT, 6 TO 59 MONTHS

y = 23.769x + 17.489

y = 5.252x + 76.955
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Day No of deaths Death      % Cumulative Death %
1 115 19.2 19.2
2 84 14.0 33.2
3 54 9.0 42.2
4 34 5.7 47.9
5 43 7.2 55.1
6 34 5.7 60.8
7 20 3.3 64.1
8 21 3.5 67.6
9 20 3.3 71.0

10 8 1.3 72.3
11 13 2.2 74.5
12 15 2.5 77.0
13 7 1.2 78.1
14 14 2.3 80.5
15 11 1.8 82.3
16 7 1.2 83.5
17 14 2.3 85.8
18 8 1.3 87.1
19 6 1.0 88.1
20 4 0.7 88.8
21 7 1.2 90.0
22 6 1.0 91.0
23 4 0.7 91.7
24 4 0.7 92.3
25 3 0.5 92.8
26 7 1.2 94.0
27 2 0.3 94.3
29 1 0.2 94.5
30 1 0.2 94.7
32 1 0.2 94.8
34 4 0.7 95.5
35 1 0.2 95.7
36 1 0.2 95.8
37 1 0.2 96.0
39 1 0.2 96.2
40 1 0.2 96.3
41 1 0.2 96.5
43 3 0.5 97.0
48 1 0.2 97.2
50 1 0.2 97.3
51 2 0.3 97.7
53 3 0.5 98.2
54 1 0.2 98.3
56 1 0.2 98.5
60 1 0.2 98.7
67 1 0.2 98.8
69 1 0.2 99.0
71 1 0.2 99.2
72 1 0.2 99.3
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78 1 0.2 99.5
105 1 0.2 99.7
109 1 0.2 99.8
114 1 0.2 100.0

1.3. Calculation of risk of death for defined periods of the after admission

Using these equations the proportion of the total risk of death of a child was assigned to a time

period. Thus, for a child who had a total risk of death whilst in the centre, calculated from

Prudhon’s equation of 0.5 (for example), this risk could now be apportioned to a daily risk after

admission, so that from the time of admission to completion of day 1, 17.5% of the risk of death

occurred. In other words, at the time of admission, the risk of this particular child dying on day

one would be 0.5*0.175. By the time that the child had been in the centre for 26 days, the risk

would have been 0.5*0.949. In other words, 95% of the risk of death would be over by that time.

The risk of death for any particular interval of time could therefore be calculated as the risk at the

end of the period, minus the risk at the beginning of the period multiplied by that child’s total risk

of death16. For the example chosen, the risk of this particular child’s death occurring from day

two to 26 would thus be 0.5*(0.949-0.175)=0.387 at the start of the period under consideration.

For a group of children, the sum of the risks of death, in total from admission to discharge, or

during any particular time period gives the expected number of deaths one would expect during

this time. This expected number of death will, theoretically, follow a Poisson distribution. The

exact limits for the Poisson distribution can be obtained using the mathematical link between the

chi2 distribution and the Poisson distribution (Liddel, 1984). The upper and lower confidence

limits are given by:

UL = ½ Chi2 (2x, 0.025)

Uu = ½ Chi2 (2x+2, 0.975)

where x is the number of deaths.

If the observed number of deaths fell out with the confidence interval of the expected number of

deaths from the Poisson distribution then it was considered that there was a significant excess or

deficit of deaths during the period under consideration.

                                                          
16 This risk having already passed
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1.4. Consideration of defaulting children

A problem arises with assessing the outcome of abandoning children. Clearly if they remained in

the centre from the time that they defaulted until they recovered a certain proportion would have

died. Children that abandoned treatment before the period being analysed were not considered in

the analysis. Children that abandoned after the period being analysed, and were at risk during the

whole period were included in the analysis as if there were later discharged. Children that

abandoned during the period were considered at risk for the specific number of days they were in

the centre. This risk was individually computed and added to the total expected number of death

for the period being considered.

1.5. Admission to discharge

In the special case of the risk from admission to discharge, the children who were discharged

were assumed to have completed their “risk of death’ and the whole Prudhon index was used in

the computation. This for example above with a Prudhon of 0.5, the admission to discharge risk

for that child was computed as 0.5*1= 0.5.

If a child abandoned treatment before discharge he was assumed to be at risk of death in the

centre17 for the period of time he was in the centre. Thus if a child with a Prudhon index of 0.5

abandoned (without reaching discharge criteria) after 26 days, the risk of death to be summed

with the expected deaths, contributed by this child, would be 0.5*0.949. After the child had left

the centre, that child did not have an opportunity to be counted with the observed deaths so that

the risk he was experiencing was not added to the expected deaths.

1.6. Children transferred to other centres

It is clear that any centre could lower its observed mortality by the expedient of transferring all

patients judged to be very severely sick to another health facility. On the other hand a centre

receiving such transfers would be expected to experience a higher that expected mortality rate. In

most centres, there was little opportunity for transfer of children so that the problem did not arise.

Nevertheless, in others this potential source of bias in the data could distort the interpretation.

Children that were transferred before the period under consideration were not included in the

analysis of that period.

Children that were transferred after the period under consideration were fully included in the

analysis because they were in the centre, at risk of death, but did not die during the period.

                                                          
17and therefore had the opportunity to have been included in the count of observed deaths
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Children that were transferred during the period of analysis, because they were particularly ill or

had a specific complication, were much more likely to die had they remained in the centre for the

entire period being analysed, than the risk of death would indicate; indeed they were very likely

to have become an observed death!

An attempt was made to determine how many of these children actually died after transfer but the

records from most referral hospitals were too incomplete to make this analysis formally for all the

centres. However, when Prudhon faced this problem in her analysis, she was able to determine

that approximately one third of these patients died, whereas only approximately 10% of the

patients who remained in the centre died over the course of their whole illness.

In the program “Tfc_pru”, as written, a choice is offered, for the transferred children, of the

proportion that would have died if they had remained in the centre.

For the purposes of the analyses reported in this thesis, I assumed that 30% of these children

would have died had they remained in the centre for the period under consideration. Thus, for

each transferred child 0.3 was added to the observed deaths. The child was considered to be at

risk for the number of days that child was in the centre during the period being analysed. Thus,

for example, a child with a Prudhon index of 0.5 who was transferred on day 9 would contribute

0.5*0.71=0.36 to the expected mortality and he would contribute 0.3 to the observed mortality.

1.7. Type of analysis

Several types of analysis were incorporated into the program and used to generate the data

presented in this thesis.

a- Total time from admission to discharge,

b- A fixed period of days from admission,

c- A fixed period of days after admission.

d- A variable length phase from admission where the variable representing the time each child

remained in the phase is present in the database. For example, from admission to minimum

weight, or whilst taking no more than 100kcal per kilo (phase 1), etc..

e- For a variable length phase after admission, for example for the duration of phase 2,

f- For a fixed number of days starting at a variable time after the admission. For example, for

three days after minimum weight.

The program was written so that cases could be included or excluded according to criteria entered

in the database so that subgroups could be examined, Further, it was possible to analyse the

database by categories (e.g. by country, region, TFC, sex, oedema, status, etc.).
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The following variables were generated for each category for the time period chosen for the

analysis.

a- The observed number of deaths,

b- The expected number of deaths,

c- The confidence intervals and significance of the difference between observed and expected

deaths using p<0.05 (two tailed) and the Poisson distribution.

d- The observed and expected case fatality rate during the period under consideration. For both

rates, the denominator was the total number of children who were in the centre at any time

during the period.  Thus children that defaulted or were transferred during the period were

counted as one child exposed to risk even if they were not in the centre for the entire period

of risk.

e- From these data, the “excess” mortality rate was calculated. A positive excess mortality thus

represents deaths that were “unexpected”, and a negative excess mortality means that fewer

deaths occurred than expected. It should be noted that the absolute mortality rate was

relatively high at the beginning and falls exponentially after admission, so that a negative

excess mortality does not mean that the absolute mortality was low, only that it was less than

predicted.

f- The ratio of observed to expected deaths

1.8. Measurement of Cusum

The use of the cumulative sum (cusum) has been suggested for both surveillance and quality

control in medical practice over time. For example, it has been used for plotting temperature

charts for assessing anti microbial treatment in neutropenic patients (Williams, 1992). Williams

recommended that this simple custom technique be considered as a means of monitoring

performance, both in the learning and maintenance phase. Marco de Level used this powerful way

of monitoring the quality of their performance in cardiac surgery. Assessments of the outcomes

were attempted. A refinement of the cumulative sum method weighs death and survival by each

patient’s risk status and provide a display of surgical performance over time (Lovergrove et al.,

1997). The variable life-adjusted (LAD) plot shows the difference between the expected and

actual cumulative mortality. This mortality scoring system accumulates penalties for each death

and rewards for every survivor, based on the inherent risk of peer-operative death of each case

concerned.

A separate section of the program, TFC_pru computed the cumulative sum of the expected minus

the observed deaths to generate a “running total”. The cumulative sum was incremented by the
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risk of death for each child sequentially and decremented by 1 for each death and by 0.3 for each

child that was transferred. Thus, if the Prudhon Index for a particularly severe child was 0.9 and

that the child died, then the cusum would be decremented by 0.1, on the other hand if a child with

an expectation of death of 0.01 died the cusum would be decremented by 0.99. If these same

children survived then the cusum would be incremented by 0.9 and 0.01 respectively.

1.9. Software used

a. TFC_tpru  RS1 programme developed by MHN Golden

The program was conceived and written by Golden to adjust the Prudhon index with the time, and

is described above.

b. The different soft wares used

For specific analysis, the results of RS1 data analysis were exported and further analysed in

Systat and SPSS version 8 and Excel 8.

2. Subjects

The table of the subjects is presented in the general Subjects and Methods section. The overall

case fatality rates are presented on all the subjects described in Part 1. Only the 6 to 59 months

old children are used in this section of the thesis to analyse the data with respect to the Prudhon

Index.
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Chapter 4: General Results

1. General case-fatality rate observed of all the patients

Table 2.2 shows the overall case fatality rate (CFR) by age group and the case fatality rate for those

with marasmus (M) and kwashiorkor (K). Patients with both severe wasting and oedema are

counted in the kwashiorkor group. Table 2.3 shows the same data divided by much narrower age

intervals.

The highest CFR occurred in infants falling steadily from this to children to juveniles: adolescents

and adults had a higher mortality. In all age groups there was a substantially higher mortality with

kwashiorkor than with marasmus. The mortality in oedematous adolescents and adults was

particularly high.

TABLE 2.2: MORTALITY BY AGE GROUP, ACCORDING TO THE PRESENCE, OR NOT, OF OEDEMA

Class of age Total
N

CFR % (n) Total M
N

CFR M
%           (n)

Total K
N

CFR K
%        (n)

Missing
value: N

Infant 566 19.4 (110) 540 1 19.6      (106) 16 25       (4) 10
Child 8484 11.4 (964) 5344 9.7        (518) 3025 14.6    (442) 115
Juvenile 1396 9.5  (133) 514 6.8        (35) 874 11.1    (97) 8
Adolescent 361 13   (47) 133 7.5        (10) 223 16.1    (36) 5
Adult 447 13.4(60) 199 7.5        (15) 238 19       (45) 10
Total 11,254   11.7(1314) 6720 10.2     (684) 4376 14.3    (624) 148

                     Figure 2.3: Histogram of Case fatality rate (%)
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             Figure 2.4: Histogram of Case fatality rate of the kwashiorkor  patients (%)

                FIGURE : CASE FATALITY RATE FOR MARASMIC PATIENTS, ACF, 1993-98

FIGURE 2.5: CASE FATALITY RATE OF THE MARASMIC PATIENTS (%)

                           Figure 2.5: Histogram of Case fatality rate of the marasmic  patients (%)
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TABLE  2.3: MORTALITY BY AGE GROUP IN MONTH, ACCORDING TO THE PRESENCE OR NOT OF OEDEMA

Age group
(months)

N CFR
%      (n)

Marasmus
N

CFR Maras.
%         (n)

Kwashiorkor
N

CFR Kwash.
%        (n)

0 to <3 247 24     (59) 241 24.5     (59) 1 0         (0)
3 to <6 319 16     (51) 299 15.7     (47) 15 26.7    (4)
6 to <12 1345 16     (212) 1161 16        (185) 155 17.4    (27)
12 to <18 1872 11     (204) 1465 9.4       (137) 379 17.2    (65)
18 to <24 1051 11     (115) 693 7.7       (53) 339 18       (61)
24 to <36 2426 11     (265) 1339 7.6       (102) 1059 15.2    (161)
36 to <48 1041 10.5 (108) 417 8.4       (35) 615 11.9    (73)
48 to <60 749 8.1   (61) 269 2.2       (6) 478 11.5    (55)
60 to <72 600 8.7   (52) 240 5.4       (13) 355 10.7    (38)
72 to <96 548 9.3   (12) 180 6.7       (12) 366 10.7    (39)
96 to <108 158 10.8 (17) 64 12.5     (8) 93 9.7      (9)
108 to <120 90 14.4 (13) 30 6.7       (2) 60 18.4    (11)
120 to <144 161 15.5 (25) 53 3.8       (2) 108 21.3    (23)
144 to <180 128 9.4   (12) 49 10.2     (5) 77 7.8      (6)
180 to <240 82 12.2 (10) 37 8.1       (3) 42 16.7    (7)
240 to <360 167 10.8 (18) 82 9.8       (8) 84 11.9    (10)
360 to <600 198 14.6 (29) 78 6.4       (5) 113 21.3    (24)
>= 600 72 18.1 (13) 33 6.1       (2) 37 29.7    (11)
Total 11254 11.7 (1314) 6730 10.2     (684) 4376 14.3    (624)
*Maras.=marasmus - Kwash.=kwashiorkor

Examination by narrow age bands (table 2.3) confirms this picture, although the numbers in each

group are much smaller.

1.2. Juveniles & adolescents

The case-fatality rate (CFR) is the lowest in juveniles. However, it is still higher in kwashiorkor

than marasmus.

The adolescents seemed to have a higher CFR than juveniles or children, probably due to the

extreme poverty they were facing during the emergency situation. It is particularly kwashiorkor,

who died and not the severely wasted adolescents. Also the criteria of admission of the

adolescents were based on weight for height age in percentage of the median. The table, made by

Pr Golden, is based on weight for height-age using NCHS table. Nineteen of the 165 (11.5%)

adolescent girls died (15 with kwashiorkor), compare to 28 of the 193 boys (14.5%), (21 with

kwashiorkor). Most of these patients were in Maramvya, Burundi.

1.3. Adults

Using BMI as the criterion of admission, we can see that the mortality over 30 years is 6.4% for

marasmus whereas for kwashiorkor the mortality was 21%. For adults over 50 with oedema the
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mortality was even higher although the numbers are small. However it seems that adult

kwashiorkor, or perhaps “famine oedema” has a particularly high mortality rate.

2. General description of the children 6 to 59 months

8484 children were treated in the centres. As described in the general description and in table 2.4,

part 1, the age average age was 23 +/-12 months, with a sex ratio of 1.08. The percentage of

males was higher in 11 centres.  In each centre, children have an average age of between 20 and

25months except Maramvya day-care (>30 months).  In Maramvya, there were also many

malnourished adults and the condition of the population was particularly severe.  It is likely,

therefore, that a high mortality of young children in the population led to this increase in average

age. In severe famines, such as occurred recently in South Sudan, a situation can be reached

where there are no young children left in the population and all the patients admitted are adults.

TABLE 2.4: DESCRIPTION OF THE CENTRES & NUMBERS, AGE, SEX OF THE CHILDREN PER CENTRE

Centres Type of centre N Age:Mean+/-sd *Sex: m% / f%
N’Dalatando TFC 386 25+/-11.5 45/55
Maramvya RDCC 293 32.4+/-14.5 54/46
Ngozi TFC 260 30.6+/-14.6 59/41
Cyanika TFC 623 25.8+/-13.7 49/51
Kibeho1 TFC 645 24.8+/-13.6 53/47
Kitali TFC 257 29.7+/-12.6 52/48
Gulu SNU 514 22.6+/-11.7 41/35
Kitgum SNU 578 23+/-10.7 49/43
Lacor SNU 459 25.1+/-11.8 56/36
Macenta SNU 474 23.2+/-12.4 45/49
Buchanan TFC 484 20.8+/-12.2 51/48
Makeni TFC 146 23.9+/-11.1 51/48
Andobac TFC 88 21.8 50/47
Mao TFC 930 21.4+/-9 55/42
Mondo TFC 98 22.5+/-11.4 40/48
Gao SNU 401 21+/-8.4 52/37
Forlanini TFC 150 20.6+/-11.3 45/55
El Salam NRDCC v TFC 885 17.4+/-8.5 49/51
Wad El Beshir NRDCC v TFC 532 18+/-8.4 49/50
Ashwa NRDCC 117 19.4+/-10.7 44/56
Total 8484 23+/-12 50/46
* Note: the total sex ratio does not add to 100% because of missing data
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Table 2.5 shows the admission anthropometry in each centre.  The degree of oedema was (+) in

43%, (++) in 40% and (+++) in 17%.  As the judgement of the admitting nurse was accepted,

there is probably a bias in the judgement of degree of oedema depending upon how familiar and

habituated staff was to observing gross oedema. This could lead to a systematic difference

between the Sahel, where oedema was uncommon and the other centres. Some centres had a

mean WHP above 70%, this was due to the admission of children on MUAC criteria (in

N’Dalatando, it was due to the use of WH in Z-score as an admission criteria).  In Ashwa, a high

proportion of children was admitted with the MUAC criterion; they were mostly Dinka children,

which have a different body habitus with naturally thin arms.

TABLE 2.5: ANTHROPOMETRY OF OEDEMATOUS AND NON OEDEMATOUS ADMITTED CHILDREN

Centres No oedematous children Oedematous children

N1   MUAC
 Mean+/-sd

  WHP
 Mean+/-sd

N2   MUAC
  Mean +/-sd

   WHP
 Mean+/-sd

Oed+
N

Oed++
N

Oed+++
N

N’Dalatando 251  100+/-10   73+/-6 129  108+/-17  76+/-10 54 46 29
Maramvya 98  102+/-12   67+/-6 194  119+/-16  83+/-11 61 103 31
Ngozi 85  101+/-10   69+/-7 175  120+/-16  80+/-10 123 33 19
Cyanika 408  99+/-8   72+/-8 215  111+/-13  79+/-8 107 77 31
Kibeho1 487  97+/-9   71+/-7 158  110+/-13  78+/-10 71 62 25
Kitali 79  104+/-7   69+/-8 171  125+/-14  84+/-10 72 89 10
Gulu 224  101+/-16   66+/-7 279  121+/-21  79+/-13 124 111 50
Kitgum 330   99+/-11   67+/-7 246   112+/-16  77+/-12 96 95 55
Lacor 114  106+/-21   67+/-10 339   121+/-18  83+/-15 200 94 51
Macenta 250  96+/-24   69+/-6 217  115+/-22  79+/-11 101 78 38
Buchanan 271   99+/-11   69+/-6 212  113+/-14  77+/-10 52 110 50
Makeni 78  100+/-8   68+/-5 66  115+/-17  79+/-11 13 34 19
Andobac 79  105+/-20 68+/-4.3 9   116+/-10  75+/-9 1 3 5
Mao 760  102+/-9   66+/-5 164  108+/-10  72+/-9 40 92 32
Mondo 76  109+/-7   67+/-5 22  102+/-36  76+/-6 9 9 4
Gao 329  102+/-14   66+/-5 69  108+/-11  74+/-8 26 23 20
Forlanini 94  95+/-11   66+/-5 56  107+/-20  76+/-14 12 36 8
El Salam 755  105+/-11 68+/-5 128   111+/-15   74+/-10 73 40 15
Wad El Besh 350  104+/-9   67+/-6 93   109+/-12  72+/-8 20 61 12
Ashwa1 93  104+/-8  73+/-6 23   112+/-13  80+/-12 23
Total 5344 1 101+/-12  68+/-7 3025   115+/-17  79+/-12 1300 1215 510

Figure 2.6 shows the cumulative distribution of weight-for-height in percentage of the median

(WHP). Half the patients fell in the 66-70% range; 85% were over 60%WHP.
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                             Figure 2.6: Cumulated WHP of wasted children with WHP<70%

TABLE 2.6:NUMBERS & PERCENT OF CHILDREN WITH CLINICAL SIGNS FROM 0 TO 21 DAYS

Centres Diarrhoea
N     (%)

Dehydration
N      (%)

Hypothermia
N      (%)

Hyperthermia
N          (%)

Anaemia
N        (%)

N’Dalatando 255  (66) 33     (9) 43         (11) 114     (30)
Maramvya 210  (72) 49     (17) 33    (11) 57         (20) 112     (38)
Ngozi 52    (20) 16     (6) 66    (25) 24         (9) 31       (12)
Cyanika No data
Kibeho1 No data
Kitali 159  (62) 40     (16) 2      (1) 49         (19) 43       (17)
Gulu 192  (37) 113   (22) 10    (2) 45         (9) 11       (2)
Kitgum 249  (43) 86     (15) 34    (6) 119       (21) 30       (5)
Lacor 192  (42) 32     (7) 101  (22) 78         (17) 6         (1)
Macenta 178  (38) 146   (59) 12    (2.5) 183       (39) 100     (21)
Buchanan 288  (60) 157   (33) 4      (1) 53         (11) 167     (35)
Makeni 66    (45) 73     (50) 3      (2) 31         (21) 86       (59)
Andobac 47    (53) 17     (19) 40    (57) 16         (17)
Mao 638  (69) 438   (47) 4      (1) 20         (2) 72       (8)
Mondo 69    (70) 21     (21) 9           (9)
Gao 224  (56) 4       (1) 1           (1)
Forlanini 34    (23) 5       (3) 2      (1) 23         (15) 90       (60)
El Salam 261  (30) 8       (1) 20    (2) 140       (16) 2         (1)
Wad El Beshir 306  (58) 191   (36) 55    (10) 51         (10) 96       (18)
Ashwa1 No data 4         (3)
Total 3431 (64) 1429 (32) 337 (11) 967       (22) 2645   (27)

Diarrhoea seemed to be the most common feature with an overall percentage of 64, Maramvya,

Mao and Mondo being the centres with the highest prevalence.  In Maramvya, there was an
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outbreak of cholera. The two other centres, Cyanika and Kibeho, where there was an outbreak of

shigellosis, diarrhoea was not recorded. One third of the patients were diagnosed as dehydrated.

Makeni and Macenta, which had less diarrhoea diagnosed, had more cases of dehydration; this

indicates that there were probably differences in interpretation of clinical signs.

Hypothermia was less common than hyperthermia. However some centres had a high prevalence

of hypothermia, such as Andobac in the middle of the Kanem (Sahara desert), in Chad, Lacor a

SNU and Ngozi which was a normal centre.  This means that the material used for construction of

the centre is not always the problem; hypothermia might be related to the localisation of the

centre, the altitude or the use of the beds (Lacor), where children sleep by themselves. The only

way to investigate these problems is to visit the centres at night.

Anaemia, recognised by the pallor of the conjunctiva, seemed to be frequent in Maramvya,

N’Dalatando, Buchanan and Forlanini.

Table 2.7 shows the outcome of the children by centre. There was a success rate of 65.6%, and an

overall CFR of 11.4%, with a high rate of abandonment of 19.5 and a low rate of transfer.  The

highest CFRs were in Uganda (Gulu, Kitgum, Lacor) and in Maramvya, Burundi, all in East

Africa.  The highest rates of abandonment were in Uganda and North Sudan.

North Sudan’s high abandonment can be explained by the lack of co-ordination between the MoH

and the different NGO’s which intervened in this area.  In Uganda, there was a problem of

management in each of the centres.
TABLE 2.7: OUTCOMES BY CENTRE
Centres Cured

N     (%)
Dead
N     (%)

Abandon
N     (%)

Transfers
N    (%)

N’Dalatando 330   (85) 22    (6) 34     (9) 0     (0)
Maramvya 167   (57) 68    (23) 49     (17) 8     (3)
Ngozi 199   (77) 5      (2) 27     (10) 29   (11)
Cyanika 470   (76) 66    (11) 69     (11) 18   (3)
Kibeho1* 467   (72) 82    (13) 60     (9) 36   (6)
Kitali 215   (84) 6      (2) 29     (11) 7     (3)
Gulu 153   (30) 132  (26) 223   (43) 6     (1)
Kitgum 299   (52) 120  (21) 159   (28) 0     (0)
Lacor 180   (39) 122  (26.5) 156   (34) 1     (0.5)
Macenta 383   (81) 57    (12) 29     (6) 5     (1)
Buchanan 349   (72) 33    (7) 77     (16) 25   (5)
Makeni 99     (68) 8      (6) 23     (16) 14   (10)
Andobac 69     (78) 6      (7) 13     (15) 0     (0)
Mao 716   (77) 73    (8) 141   (15) 0     (0)
Mondo 89     (91) 5      (5) 1       (1) 3     (3)
Gao 294   (73) 56    (14) 50     (12.5) 1     (0.5)
Forlanini 99     (66) 17    (11) 24     (16) 10   (7)
El Salam 524   (59) 59    (7) 217   (24) 85   (10)
Wad El Beshir 232   (44) 12    (2) 245   (46) 40   (8)
Ashwa 106   (90) 0 9       (8) 2     (2)
Total 5566 (65.6) 965  (11.4) 1641 (19.5) 295 (3.5)
*Kibeho 2 & 3 being excluded but not from the total
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Chapter 5: Analysis of mortality in children 6 to 59 months

The overall observed CFR was 12.8% (1069/8352), the expected CFR was 9.2%, this difference

is significant, with an Excess CFR of 3.6%.

1. Degree of oedema

The mortality by oedema is shown in table 2.8. The oedematous children had a CFR of 15%,

which was significantly higher than expected (Excess death: 9.5%). In each case, the observed

number of deaths is above the 95% confidence interval of the expected number of deaths, with a

significant excess of deaths varying from 2.3 on the patients without oedema to 14.9%.  The

excess deaths and mortality rate increased quite dramatically with increasing degrees of oedema.

TABLE 2.8: RISK OF DEATH BY DEGREE OF OEDEMA, CHILDREN

Oed Obs# Exp# LowCI UppCI Sig. O/E Obs % Exp % ExCFR% Sub# dead/trans/a/dis.

0 603.7 480.6 439.0 525.0 0* 125.6 11.3 9.0 2.3 5338 517/289/1072/3420

1 185.9 144.1 121.9 169.0 0* 129.0 14.8 11.5 3.3 1259 173/43  /226   /814
2 177.0 114.7 95.0 137.0 0* 154.3 14.6 9.5 5.1 1212 165/40  /200   /803
3 101.4 25.2 16.6 36.4 0* 402.0 19.9 5.0 14.9 510 96/18    /79      /317

Total 1069 766.1 287.9 821.75 0* 139.5 12.8 9.2 3.6 8352 952/390/1580/5383

Note: for the tables presented in this thesis in this format, Obs# = the observed number of deaths

(including 0.3 deaths per transfer); Exp# = the expected number of deaths from the sum of the

Prudhon indices; lowCI and uppCI are the lower and upper confidence intervals of the expected

number of deaths using the Poisson distribution; sig. is the significance of the difference; O/E =

the ratio of observed to expected deaths; Obs% is the observed Case Fatality Rate; Exp% is the

expected Case Fatality Rate; ExCFR% is the excess case fatality rate; sub# is the total number of

subjects included in the analysis; and dead/trans/a/dis gives the number of children that died,

were transferred, abandoned the program or were discharged cured.
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2. Analysis by region

The Observed to Expected ratio (OE death ratio) by region is shown in table 2.9.

TABLE 2.9: OE RATIO BY REGION FROM ADMISSION TO DISCHARGE
Region OE Ratio Sig Obs % (n) ExCFR% N Trans(%)/Aban(%)/Disch.(%)

East 189 0* 16 (630) 7.51 4165 110 (3) / 809 (19) / 2580 (62)

Sahel 95 NS 9.4 (228) -0.52 3194 242 (8) / 696 (22) / 2019 (63)
West 102 NS 10 (97) 0.17 1099 44 (4) / 127 (12) / 828 (75)
All 138 0* 12.7 (955) 3.5 8458 396(5) / 1632 (19) / 5427 (64)

There is no excess mortality in either the Sahel or West region. In contrast, the East region has

16% mortality with 7.5% excess deaths, which are unexpected. This region had the largest

number of beneficiaries, the highest OE ratio, and the highest case fatality rate and excess deaths.

The abandonment rate is highest in the Sahel region and the highest rate of success is in West

Africa.  East region seems to be at most risk; this was particularly Burundi and Uganda.

                        Figure 2.7: OE death ratio during the treatment by region

n1=8322, n2=7759, n3=7283, n4=3532

Figure 2.7 shows the observed to expected mortality ratio (O:E ratio) by region, for various times

after admission. The East region has worst results at all stages of treatment, this high ratio is

mainly due to Maramvya day care data and the Uganda data where there was a exceptional high

case fatality rate for the first two years.  Sahel had significantly fewer deaths than expected

during days 0 to 3.  All the ratios are higher between days 4 to 6. Only East Africa region has

significant high deaths than expected in days 7 to 14.  However, all the three regions have more

deaths than expected from 27 to 200 days of treatment, although the absolute number of deaths in
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this period is relatively low. Days 4 to 6, when there is also a high absolute death rate seems to be

the most critical period for attention, even though the absolute mortality is higher in the three

days after admission.

The absolute mortality rates are given in figure 2.8 (note that the time periods are not the same

length). In the East region not only is the excess mortality higher after admission than during the

first 3 days, but the absolute rate is higher as well. In the East, the mortality in the first 3 days was

as expected. It would appear that the risk of death for these children increased under medical

supervision.

                   Figure 2.8: Case fatality rate from admission to discharge, by region

                                        n1=8322, n2=7759, n3=7283, n4=3532

2.1. Anthropometric criteria

Figure 2.9 shows the OE ratio by degree of oedema and region.  In the Sahel and West, the

expected CFR was seen in marasmic children. The East had an excess CFR.  For the Sahel,

patients with oedema had a much lower (half) mortality expected for mild oedema, and slightly

less than expected for moderate oedema.  In the West, oedematous cases experienced the

expected CFR.  In the East, in contrast, there was a high and increasing mortality with each

degree of oedema.

In all regions, children with gross oedema were at much higher risk of death than calculated from

the Prudhon Index. It is important to note that Prudhon did not differentiate degrees of oedema

when she generated her equations, so that this variable is not considered in formula except as a

dichotomous variable. It would appear that risk does indeed vary with degree of oedema and this

should be taken into account when interpreting these data18.

                                                          
18 See part 5 discussion where analysis of TMRU data confirms these results
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        Figure 2.9: OE ratio with the degree of oedema, by region.

     n(no)=2197, n(.5)=32, n(1)=1259, n(2)=1212, n(3)=510

c. Classification by height

It is possible that the mothers who do not know their child’s age are less capable and have given

qualitatively poorer care to their children than the mothers that do know the age of their children.

Furthermore, the problems of stunting and the normal classification of children by age are

confounded. I therefore examined the data by classification of the children into categories of

height. The following classes were defined:

#1 = children with a height less than 60 cm

#2 =                                     between 60 and < 70cm

#3 =                                     between 70 and < 80cm

#4 =                                     more than or equal to 80cm

                      Figure 2.10: OE death ratio by height group & region (n=8410)
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Figure 2.11: Case Fatality Rate by height group & region (n=8410)

Figure 2.10 and 2.11 show the OE death ratio and the absolute CFR by height category and

region. The short children had highest mortality but this mortality was not as high as predicted by

the Prudhon index.  The mortality rate declined with increasing height (as it does with age) but

not to the extent predicted by the Prudhon index, so that OE death ratio increases above 100%. In

all analyses, the children in the East region have a higher absolute and relative case fatality rate

than in other regions.

2.2. The effect of diet

The Prudhon index was calculated for the different diets. The first comparison we make is

between enriched or non-enriched diet, during the period from admission to discharge. This is

shown in figure 2.12.

a. “F100” vs. HEM

Figure 2.12 shows the overall excess death with “F100” and “HEM”. “F100” represents the

different products F100/F75 according to the WHO protocol. HEM is the high-energy-milk

without any mineral and vitamin mix. It was mostly used in Sahel and West Africa and F100/F75

in East Africa. East Africa treated patients with HEM only where there was a shortage of F100.

This represents only a total of 86 cases, it happened in Maramvya and Kitali. Figure 2.10 shows

that apparently East Africa is at higher risk compare to the other two regions. It seems also that

the risk is lower with HEM.
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           Figure 2.12: Excess deaths & “F100” vs. HEM, by region (n1=7085, n2=549)

Figure 2.13 shows the relation of mortality with use of products by region & oedema. The East

region shows an excess death with HEM and “F100”; however it doubles when “F100” was used

for the children with 3+ oedema, compared to HEM. But HEM was only introduced when there

was a shortage of few days of “F100” in Kitali and in Maramvya (East Africa).  We notice that

wasted children as well as 1+ and 2+ oedema on HEM had a negative excess death. With “F100”,

there was positive excess risk of death in the three regions.

This first analysis gives a global picture, which needs to be investigated more deeply.

      Figure 2.13: Excess deaths with “F100” vs. HEM & oedema by region (n=7634)
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b. Diet in phase 1

The different diets used in Phase 1 were ready-to-use F100 (F100) or reconstituted F100 (F100R),

diluted F100 (F100D), ready-to-use F75 (F75) or reconstituted F75 (F75R), HEM without any

enrichment (HEM).

Figure 2.14 shows the OE ratio by therapeutic products. Compared to the previous figure, the

different products used, F75, F75R, F100, F100R are all lumped together as “F100” and HEM.

F75 has an OE death ratio, which was as expected for Sahel and West Africa, but doubled in East

Africa, and was higher than F100.  However, F75 was generally used for “special cases” (in

1997), these patients were thus selected clinically as the ones the most at risk of death with severe

anaemia, or +++ oedema, or severe anorexia and repeated vomiting requiring a naso-gastric tube

and those with septicaemia. For that reason, only an analysis by centres with a retrospective study

before and after the introduction of a new product will give a correct reflection of the effects of

the various diets on mortality.

   Figure 2.14: O:E death ratio with diet products in phase 1, by region (n=8484)

Figure 2.15 shows the relation between products used in phase 1 and oedema by region. HEM

had the lowest OE death ratio in Sahel and West Africa. However, F100 and F75 in East Africa

have a high OE ratio, which was higher with oedema. However, this seems not to be the case for

F100R. Phase 1 lasted for a mean +/-sd of 4.0+/-3.6 days (median: 3 days).
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  Figure 2.15: OE death ratio between diet in Phase 1 and oedema, by region

                         n1=439, n2=504, n3=1297, n4=531, n5=801, n6=957, n7=250, n8=43, n9=887, n10=186

Table 2.10 gives a more detail description of the different products in phase 1 by region and

oedema, and their relations with CFR, OE ratio and excess deaths by oedema.

Without oedema, the OE death ratio is still higher for F75 and that the best results were obtained

with HEM. However, as we said previously, for oedematous children as non-oedematous

children, F75 was used not systematically.  If we compare the data of Sahel, Mao Chad, El Salam

and Wad El Beshir Sudan, we see that F75 is better than F100R:

• Region of Sahel:

Mao: F75, OE death ratio=78 (CFR: 8%); F100R OE death ratio=121 (CFR: 12%).

El Salam: F75, OE death ratio=31; F100R OE death ratio=124; HEM OE death ratio=92

• Region of West Africa:

Macenta: F75, OE death ratio=100 (CFR=10%); F100R, OE death ratio=158 (CFR=16%).

The data show that there is sufficient heterogeneity arising from the age, height, and clinical

status, oedema, region and other aspects of treatment that randomly allocated trails will have to

be performed. These are not usually feasible in TFCs or in the context of an emergency.
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TABLE 2.10: DESCRIPTION OF MORTALITY & DIET IN PHASE 1, BY REGION & OEDEMA
Diet Phase 1 Region O:E ratio (1, 2,3 +O)* XsFR% CFR%(1,2,3+O) N(1,2,3+O)

F75 & No Oed. East 179 * 4.43 10.1 516
Sahel 71 -1.78 4.4 135
West 93 -0.24 3.3 150

F75 & Oed. East 272 * (228,253,711)* 8.26 13.1 (15,11,14) 754
(347,270,136)

Sahel 223    (0,202,751) 8.76 15.9 (0,19,21) 44 (9,21,14)
West 122    (170,13*,239) 0.92 5.2 (12, 1, 5) 159 (51, 73, 35)

F75R & No Oed. Sahel 66 -1.03 2 250
F75R & Oed. Sahel 169    (0, 249, 0) 3.78 9.3 (0, 19, 0) 43 (14, 21, 8)
F100 & No Oed. East 114 1.00 7.9 206

Sahel 87 -0.65 4.3 60
West 93 -0.35 4.7 173

F100 & Oed. East 204* (95, 277*,580*) 5.1 10  (7, 12, 13) 283 (107, 126,
50)

Sahel 64     (136, 21, 0) -2.79 5    (14, 1, 0) 32   (9, 22, 1)
West 97     (67, 57, 314) -0.13 4.6  (4, 3, 9) 189 (50, 96, 43)

F100R & No Oed. East 0* -4.14 0 86
Sahel 176* 2.51 5.8 1083
West 143 1.89 6.3 128

F100R & Oed. East 74     (93, 62, 0) -0.79 2.3  (3, 3, 0) 179  (122, 39, 18)
Sahel 170* (134, 158, 319) 3.79 9.2  (9, 9, 12) 270  (86, 130, 54)
West 179   (67, 57, 314) 3.77 8.5  (4, 3, 9) 82    (50, 96, 43)

HEM & No Oed. Sahel 78 -0.9 3.1 756
West 86 -0.47 2.9 131

HEM & Oed. Sahel 65     (61, 81, 0) -3.76 6.9 (6, 9, 0) 123 (57, 52, 14)
West 41     (0, 48, 61) -2.94 2.1 (0, 3, 2) 63   (12, 33, 18)

* = significant difference - (1,2,3+O)= patients with Oedema +, ++, +++ - Oed.=oedema.

c. Diet in phase 2

Figure 2.16 shows the relation between products in phase 2 and oedema by region. Only F100,

F100R and HEM were used. HEM again seems to have the lowest OE death ratio in Sahel and

West Africa. F100 and F100R in East Africa have doubled and tripled their OE ratio, which is

getting higher with the presence of oedema. However, it seems that it is a slightly lower for

F100R. Phase 2, which is supposed to be the period of recovering, seems to be at high risk, with a

need of particular attention.
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Figure 2.16: O:E death ratio with oedema, during phase 2, by region

                 n1=1057, n2=1154, n3=1445, n4=452, n5=769, n6=160

Table 2.11 gives a more detailed description of the different products used in phase 2, by region

and by oedema, and their relations with CFR, OE death ratio and excess risk of death by oedema.

The East region seems to be the most at risk of death, with and without oedema. For the Sahel

region, oedema did not give a greater mortality than without oedema. This is in contrast to the

West region, where oedema increased the risk of death.

TABLE 2.11: DESCRIPTION OF MORTALITY & DIET IN PHASE 2 BY REGION AND OEDEMA

Diet Phase 2 Region O:E death ratio
(1, 2,3 +O)*

ExCFR % CFR %
(1,2,3+O)

N
(1,2,3+O)

F100 & No Oed. East 430* 11.1 14.5 576
Sahel 122 0.73 4 197
West 86 -0.42 2.5 284

F100 & Oed. East 636* (479*,574*,***) 11.58 14 (14,12,18) 804
(342,311,151)

Sahel 37 (84, 0*,0) -3.28 2  (7,0,0) 51 (15,30, 6)
West 196* (168,207,269) 2.43 5 (7,5,3) 299 (87,144,68)

F100R & No Oed. East 351 7.74 11 36
Sahel 100 -0.01 3 1270
West 170 2.07 5 139

F100R & Oed. East 131 (0,335,0) 1.02 4 (0,9,0) 77 (20,38,19)
Sahel 80 (102,53,130) -0.54 2 (3, 2, 2) 279 (91, 133, 55)
West 236 (226,96,***) 3.60 6 (6,3,15) 96 (50,33,13)

HEM & No Oed. Sahel 50* -1.53 2 648
West 14* -1.46 0.5 121

HEM & Oed. Sahel 72 (48,112,0) -1.41 4 (3, 6, 0) 99 (48,38,13)
West 115 (0,37,878) 0.28 2 (0, 1,6) 61 (12,32,17)

* = significant difference, (1,2,3+O)= patients with Oedema +, ++, +++.

Diet 2 and oedema during phase 2 
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3. Analysis by facility

Another important variable is the type of care that is offered to the patients. Table 2.12 gives the

mortality according to care facilities. The care-facilities with the most excess deaths are the

Residential Day Care Centre (RDCC) and the SNU within the hospitals.

The RDCC is usually implemented during emergency situations, for security constraints, the staff

is not allowed to work at night, and they have to leave the centres around 4 p.m. whereas the

patients have nowhere else to go and remain in the insecure environment overnight.  This was the

case in Maramvya, Burundi.

The SNUs, on the other hand, are very conservative and persist in using archaic methods and

concepts, had have unpaid and largely untrained staff with a high turnover; this was the case in

Uganda.  There was a major problem with the miss-diagnosis of dehydration among the children

of the paediatric ward, the doctors mixing the patients with a normal nutritional status and the

wasted ones.  These errors ended up with over-hydration, electrolyte imbalance and finally

cardiac failure.

The abandonment rate was very high in the SNU and Non Residential Day Care Centre (NRDCC,

mostly in North Sudan). The NRDCC as the TFC are the facilities with the lowest mortality.

However, the abandonment rate of the NRDCC was 36%, more than twice the average rate. This

can be ascribed to the mothers having to walk every day, carrying their children back and

forward.

TABLE 2.12: MORTALITY & FACILITIES

Facilities OE death
ratio

Sig. CFR% (n) ExCFR % N Trans(%)/Aban(%)/Disch(%)

RDCC 278 0* 24    (68) 15.45 292 8(3)      / 49(17)   / 166(57)

NRDCC 65 0* 6      (40) -3.29 974 68(7)   / 352(36) / 505(52)

TFC 110 0.024? 9.6   (369) 0.86 4781 307(6) / 619(13) / 3458(72)

SNU 203 0* 19.9 (478) 10.12 2411 13(0.5) / 612(25) / 1298(54)

All 138 0* 12.7 (955) 3.52 8458 396(5) /1632(19) / 5427(64)
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                     Figure 2.17: O:E death ratio during the treatment, by facility

 

                                    n1=8322, n2=7759, n3=7437, n4=6185, n5=53532, d=RDCC, n=NRDCC, r=TFC, u=SNU

Figure 2.17 shows mortality at the different periods of treatment according by type of care.  For

day 0 to 3, TFCs and NRDCCs achieved the lowest mortality, the other two modalities having a

significantly higher number of observed deaths.  For day 4 to 6, it is only the NRDCC, which did

not have a significantly higher observed number of deaths. Again for day 7 to 14, the NRDCC

was the only facility, which had fewer deaths than the expected. For day 15 to 27, the expected

deaths were so low compared to the numbers of deaths observed by a simple ratio.

When presented as excess mortality the following results were obtained: NRDCC:

ExCFR%=0.87, TFCs: ExCFR%=2.05, SNU: ExCFR%=5.86 and the RDCC: ExCFR% = 5.63.

For day 28 to 200, all of them had a higher OE ratio, however TFC was the structure with the best

OE death ratio. This period had an excess number of observed deaths compared to the expected

ones. This I ascribe to secondary malnutrition caused by chronic disease such as tuberculosis,

HIV-aids, etc.
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             Figure 2.18: Case fatality rate according to the days of the treatment by facility

                   n1=8322, n2=7759, n3=7283, n4=3532

In Figure 2.18, day 0 to 3 are known as the critical period, where the CFR% is supposed to be the

highest.  Surprisingly, the period of 28 to 200 days seems more critical and not real attention is

often paid for that period.

3.1. “F100” vs. HEM

The relationship between mortality and diet is shown in figure 2.19. The centres on “F100” had

the highest excess deaths, the other ones being at slightly less risk. TFC and NRDCC had less

excess deaths with HEM.

Figure 2.19: Excess deaths between “F100” vs. HEM, by facility

                                n1=4674, n2=549
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Figure 2.20 shows the relationship between facilities, products and oedema. The NRDCC had a

negative excess risk of death with some TFCs and with the presence of oedema. This can be

explained by the individual situation of the NRDCC: they were situated in the Sahel, in Sudan. In

this region, the kwashiorkor is not usually the full clinical syndrome with skin, hair and liver

changes that is seen elsewhere. In contrast the data of the RDCC was mostly from Maramvya, in

Burundi. There were SNU in all the three regions, however the East region has 3 SNUs compare

to Sahel, with one in Gao and West Africa with one in Macenta.

            Figure 2.20: Excess deaths between “F100”vs. HEM, by facility and oedema

                     n=8351

3.2. Diet in phase 1

The different diets used in phase 1 are F75, F75R, F100, F100R, HEM.

From figure 2.21, the TFCs have the lowest risk of death whatever the products were used, and

SNU and RDCC have the highest risk of death particularly with F100 and oedematous children

(OE death ratio=370).
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             Figure 2.21: OE death ratio by diet in Phase 1, oedema & facility

Table 2.13 shows that the highest excess risk of death was in SNUs (7.12) with F75 and oedema,

and in RDCC (8.29) with F100 and oedema.  These are the same centres with a CFR of more than

10%, in particular for oedematous children treated with F100R in SNU.  The OE ratio increases

according to the degree of oedema, although sometimes +oedema is higher than ++oedema. The

highest OE death ratio (957) was for oedematous patients treated with F100 in RDCC.

TABLE 2.13: DESCRIPTION OF MORTALITY IN PHASE 1, BY DIET, OEDEMA & FACILITY
Diet Phase 1 Facility O:E death  ratio

(1, 2,3 +O)*
ExCFR  % CFR%

%       (1,2,3+O)
N   (1,2,3+O)

F75 & No Oed. TFC 56 -2.37 3.04 161
SNU 170* 3.73 0.1 640

F75 & Oed. TFC 170 (0*, 148, 559) 4.04 9.86 (0, 10, 15) 70 (13, 35, 22)
SNU 250* (216, 223, 644)* 7.12 11.9 (14, 9, 12) 884 (391,329,163)

F75R & No Oed. TFC 66 -1.03 2 250
F75R & Oed. TFC 169 (0, 249, 0) 3.78 9.3 (0, 19, 0) 43 (14, 21, 8)
F100 & No Oed. RDCC 113 1.00 8.9 90

TFC 86 -0.7 4.2 232
SNU 124 1.51 8 117

F100 & Oed. RDCC 360*(241,333,957*) 8.29 11.5 (10,10,18) 170 (51,96,30)
TFC 89 (84, 47, 291) -0.55 4.6 (5.7, 2.5,9.1) 221 (58, 119, 44)
SNU 98 (38,214,188) -0.15 7.6 (4, 18, 5) 106 (57, 29, 20)

F100R & No Oed. NRDC 178 3.54 8.1 52
TFC 121 0.73 4.3 786
SNU 236 4.24 7.4 453

F100R & Oed. NRDCC 55 (152,36, 0) -3.03 3.8 (10, 2.5 ,0) 16 (3,12,1)
TFC 100 (47, 116, 262) 0.02 4.3 (1.9, 6.1, 8.3) 352 (172, 129, 51)
SNU 224 (232*, 169, 285) 5.91 10.7 (13, 7.5, 10) 150 (79, 40, 31)

HEM & No Oed. NRDCC 76 -0.94 3.1 612
TFC 84 -0.6 3.2 275

HEM & Oed. NRDCC 53 (54, 65, 0*) -5.55 6.3 (6.5, 7.8, 0) 88 (40, 37, 11)
TFC 73 (61, 82, 50) -1.63 4.4 (3.5, 6.3, 1.4) 98 (29, 48, 21)

* = significant difference, (1,2,3+O)= patients with Oedema +, ++, +++.
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3.3. Diet in phase 2

Table 2.14 shows mortality in phase 2 by diet, oedema and facility. The excess death increased in

phase 2 in particular in the RDCC (51.6) quite dramatically, however the number of children was

very small (n=15).  The excess death in the SNUs was unacceptably high (Exc. death: 11.1,

n=753).  CFR% reaches also a high rate, 18% for F100 & oedema in the RDCC (n=78) (55% for

F100R but there were only 6 children).  The TFCs again shows that this facility is particularly

suited for the treatment of severe malnutrition. However, it is important to note that TFCs are

usually not permanent, only created to respond temporarily to the high number of malnourished

patients and where a special budget is available for the management and the organisation of the

centre. HEM in NRDCC and TFC shows again a low CFR% and excess risk of death.

TABLE 2.14: DESCRIPTION OF MORTALITY IN PHASE 2 BY DIET, OEDEMA & FACILITY

Diet Phase 2 Facility O:E ratio (1, 2,3 +O)* ExCFR% CFR
%      (1,2,3+O)

N  (1,2,3+O)

F100 & No Oed. RDCC 540* 14.94 18 78

TFC 113 0.39 3 390

SNU 355* 8.66 12 589

F100 & Oed. RDCC 586* (371,611,***) 8.68 10 (10,10,14) 152 (44,83,25)

TFC 125 (141,121,60) 0.77 4 (7,3,1) 249 (65,132,52)

SNU 583* (447,518,***) 11.10 13 (14,11,17) 753 (335,270,148)

F100R & No Oed. RDCC *** 51.56 55 6

NRDCC 0 -3.03 0 40

TFC 83 -0.53 3 967

SNU 172 2.04 5 432

F100R & Oed. RDCC ***(0.***,0) 21.02 22 (0,40,0) 9 (4,5)

NRDCC 0 (0,0,0) -1.06 0 12 (2,9,1)

TFC 78 (65,81,106) -0.62 2 (2,2,2) 277 (84,138,55)

SNU 162 (191,60,355) 1.74 5 (6,2,6) 154 (71,52,31)

HEM & No Oed. NRDCC 61 -1.07 2 511

TFC 21 -2.4 1 258

HEM & Oed. NRDCC 55 (81,27,0) -1.97 2 (4,1,0) 67 (32,25,10)

TFC 103 (0,130,628) 0.1 4 (0,5,5) 93 (28,45,20)
*= significant difference, (1,2,3+O)= patients with Oedema +, ++, +++.

Figure 2.22 summarises the finding of the table showing the dramatically high rate with F100R

but these are very low numbers (n=15).
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          Figure 2.22: O:E death ratio by diet in phase 2,  presence of oedema, & facility

                            n1=1089, n2=1154, n3=1445, n4=452, n5=769, n6=160

4. Description by emergency or non emergency centre

Table 2.15 compares the difference between emergency and non-emergency centres. It shows no

differences in term of mortality, both being significant.

TABLE 2.15: DESCRIPTION BY EMERGENCY AND NON-EMERGENCY CENTRE
OE death
ratio

Sig CFR% ExCFR% N Tran(%)/Aban(%)/Disch(%)

Emergency 172 0* 13 5.41 2108 67(3.2) /219 (10) /1544 (73)
Non emergency 130 0* 13 2.89 6348 329(5) /1413(22) /3882 (61)
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Table 2.16 summarises the advantages and disadvantages of the care facilities for the treatment of

severe malnutrition.

 TABLE  2.16: COMPARISON OF THE FEATURES OF CARE-FACILITIES

Feature Residential 24 hours care facilities Day care facilities
SNU TFC RDCC NRDCC

Transport daily
required

no no no Yes

Patients fed during
night time

Yes Yes Depending of the
context

No

Inappropriate
remedies given at
home

No No No Often

Children separate
from the mothers

Yes or no Yes or no Yes or no No

Staff and training Staff formally
trained and in
sufficient number

Staff informally
trained and in
sufficient number

Staff informally
trained, sufficient
number but fewer
needed.

Staff informally
trained, sufficient
number, but fewer
needed.

Diagnostic, support
services

Usually available Usually available,
but it depends

Patients have to
be taken to
hospital.

Patients have to
be taken to
hospital

Emergency care Day and night Day and night Not at night Not at night
Care available 24h
a day

Yes Yes No No

Procedures adapted
to the specific needs
of the patients

Unusual Yes Yes Yes

Staff develop
special skill with
malnourished
children

Unusual Yes Yes Yes

Staff turnover Rapid Slow Slow Slow
Risk of cross
infection

High High Moderate Low

Health & nutrition
education

Very unusual Yes Yes Yes

Intimidating for
parents

Yes Much less Much less Much less

5. Care facilities & region

From the previous analysis, care facilities and region are important factors to be considered. As

oedema 2+ & 3+ increases, the excess risk of death and the OE death ratio, and the Prudhon

index did not make an allowance for these cases. Oedema 2 and 3+ will be excluded from the

following analysis. Wet oedema particularly in East Africa (Uganda) increases the risk of

mortality dramatically.
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    Figure 2.23: OE death ratio (oedema 3 and 2 + excluded) by region & facility

                                             n1=3133, n2=2833, n3=1128

The cross-tabulation by region, care facilities, excluding oedema grade 2 and 3, shows in figure

2.23, that the East region is still the most at risk with the RDCC and the SNU. The West region

seems the area at least risk with the TFCs being the best structure to take care of the malnourished

children.

6. Overall mortality by country and time after admission

Table 2.17 gives the CFR% and table 2.18 the excess deaths by country from admission to

discharge and by time period after admission. Yellow underlines the CFR% which are

significantly higher and green where it is significantly lower than expected.

In general the mortality during the first three days was not excessive.  Thereafter some centres

had a high excess case fatality rate that remained high throughout the period of treatment.

Children that had survived to reach medical help continued to die under care. This suggests that

the standard of care in the facilities, particularly the SNU was far optimal. This will be further

explored, temporally, by using the Cusum analysis.
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The tables show that for wasted children, Uganda, Rwanda and Mali were the countries with a

significant higher number of deaths than expected. Angola had a significantly lower number of

deaths. For the oedematous children, Burundi, Rwanda and Uganda were the three countries with

higher than expected number of deaths, and Sudan a lower one. In total, the number of deaths was

higher than the expected ones with a CFR% of 12.8% and an excess risk of death of 3.6%.

TABLE 2.17: CASE FATALITY RATE % BY COUNTRY AND REGION FROM DAY OF ADMISSION TO DAY OF
DISCHARGE FOR THE CHILDREN

Region Country Case fatality rate %
adm-dis 0-3 days 4-6 days 7-10 days 11-14

days
15-27
days

>28 days

Wasted children
East Angola 3.1 1.6 0.8 0.0 0.4 0.5 0.0

Burundi 17.3 2.0 1.9 3.6 1.9 6.0 5.2
Rwanda 11.8 3.4 2.3 1.4 1.8 4.4 1.7
Tanzania 3.3 2.9 0.0 0.0 0.0 0.5 0.0
Uganda 23.0 5.3 4.1 4.5 3.1 8.3 6.5

Sahel Mali 13.7 5.5 3.4 0.7 1.2 1.7 0.0
Somalia 13.2 4.1 1.2 1.9 2.6 4.2 1.5
Sudan 7.1 2.4 1.1 0.5 0.2 1.4 2.2
Chad 9.8 2.3 1.6 1.0 0.5 1.6 5.0

West Guinea 11.9 5.2 1.3 1.3 1.0 2.4 4.4
Liberia 7.9 2.7 0.4 0.6 0.6 1.6 1.7
Sierra Leone 5.3 1.2 1.3 2.3 0.0 0.5 0.9

Oedematous Children
East Angola 10.9 3.9 0.8 2.5 0.9 0.9 4.2

Burundi 14.2 4.3 3.4 2.6 1.7 1.8 2.4
Rwanda 14.9 4.6 2.2 3.3 2.3 2.6 1.4
Tanzania 2.3 0.4 0.6 0.0 0.6 0.0 3.7
Uganda 24.6 5.5 5.8 4.0 4.1 9.2 4.6

Sahel Mali 15.9 13.4 0.0 0.0 0.0 0.0 12.5
Somalia 13.6 4.2 3.8 4.7 2.2 0.0 0.0
Sudan 9.0 3.1 2.3 1.5 0.6 1.2 1.1
Chad 12.4 4.7 3.9 0.6 0.6 0.4 2.9

West Guinea 13.0 5.4 4.9 1.0 0.7 0.7 1.3
Liberia 8.5 2.3 2.1 1.2 1.8 1.2 1.5
Sierra Leone 12.3 3.5 2.1 2.7 1.6 2.0 0.0

Total 12.8 3.7 2.5 1.8 1.4 3.0 3.0
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TABLE 2.18: EXCESS CASE FATALITY RATE % BY COUNTRY AND REGION FROM DAY OF ADMISSION TO DAY
OF DISCHARGE FOR THE CHILDREN

Region Country Excess case fatality rate %
adm-dis 0-3 days 4-6 days 7-10 days 11-14days 15-27days >28days

Wasted children
East Angola -2.6 -0.9 0.4 -0.5 0.1 0.5 -0.4

Burundi 5.3 -3.3 0.7 2.6 1.2 6.2 4.5
Rwanda 4.7 0.4 1.6 0.7 1.4 4.5 1.2
Tanzania -3.2 0.2 -0.6 -0.5 -0.5 0.6 -0.6
Uganda 11.8 0.5 2.8 3.4 2.3 8.1 5.8

Sahel Mali 5.4 2.1 2.7 0.0 0.8 1.8 -0.8
Somalia 1.1 -1.1 -0.1 0.9 2.0 3.8 1.0
Sudan -1.0 -1.1 0.3 -0.2 -0.3 1.5 1.8
Chad -0.7 -2.3 0.5 0.1 -0.1 1.6 4.4

West Guinea 1.7 0.7 0.3 0.4 0.4 2.5 3.9
Liberia -2.4 -1.7 -0.6 -0.5 0.0 1.8 1.0
Sierra
Leone

-2.5 -2.2 0.2 1.7 -0.4 0.5 0.5

Oedematous children
East Angola -2.4 -1.9 -0.4 1.4 0.1 1.1 3.3

Burundi 7.6 1.4 2.7 2.0 1.3 1.9 1.9
Rwanda 7.5 1.5 1.5 2.7 1.9 2.7 0.9
Tanzania -2.3 -1.6 0.2 -0.4 0.4 0.1 3.2
Uganda 15.3 1.5 4.8 3.2 3.2 9.0 3.9

Sahel Mali 5.0 8.7 -1.0 -0.8 -0.6 0.2 1.8
Somalia -1.4 -2.4 2.4 3.4 1.1 0.3 -1.0
Sudan -5.0 -2.9 0.8 0.0 -0.2 1.4 0.4
Chad -1.1 -1.1 2.6 -0.5 -0.1 0.5 2.1

West Guinea 3.5 1.3 4.1 0.3 0.2 0.8 0.7
Liberia -1.8 -2.2 1.1 0.2 1.3 1.2 0.9
Sierra
Leone

4.0 0.0 1.3 2.1 1.2 2.1 -0.6

Total 3.6 -0.2 1.5 1.0 0.9 3.0 2.4



89

89

7. Effect of a change in diet

The comparison of the centres by region, facility, clinical sign and context, shows the importance

of the variation between centres. For these reasons, the comparison of the diets should be done in

the same centre, before and after the introduction of a new product. It is not possible to do a

control trial in the crisis/emergency context in which the centres operated and the other aspects of

management in the SNU made them inappropriate for such a study.

7.1. Hypothesis and objectives

Objective

To evaluate the change in mortality with the introduction of a new diet during phase 1 and phase

2.

Hypothesis

- Hypothesis 1: There is not an excess death rate with the introduction of a new diet in Phase 1, in

either wasted or oedematous children.

- Hypothesis 2: There is not an excess death rate with the introduction of a new diet in Phase 2, in

either wasted or oedematous children.

7.2. Subjects and methods

All the subjects between 6 to 59 months in the centres before and after the change in diet were

included in the analysis. All the change in diet where there were sufficient numbers of children on

each diet, there were no other major changes in protocol and patients comparable were included

in this analysis. Table 2.19 shows the centre and diets where such changes occurred. Some of the

changes were planned; others were necessary because of shortages of diet, component or funding.
TABLE 2.19: DIFFERENT  PRODUCTS USED IN THE CENTRES
Phase Centres Diet 1 F75 Diet 2 F75R Diet 3 HEM Diet 3 F100 Diet 4 F100R
 Phase 1 Buchanan X X

Makeni X X
Macenta X X
Mao X X X X
El Salam X X

Phase 2 Buchanan X X
Macenta X X
Mao X X X
El Salam X X
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7.3. Results

a. Phase 1 diet

HEM and F100 in Buchanan

Table 2.20 shows the parameters of mortality in Buchanan, when the diet was changed from

HEM to F100; this was a planned change. There was no change in the mortality rates with the

change in diet.

TABLE 2.20: MORTALITY & DIET IN PHASE 1
Buchanan TFC OE ratio Sig CFR% ExCFR % N Trans/Aban/Disch
Diet 1  HEM 67 0.141 3 -1.27 194 13      / 20     / 152
Diet 2  F100 74 0.134 4 -1.32 274 10      / 52   / 189

Figure 2.24 shows the OE death ratio, by diet for the wasted and oedematous children. The

wasted children had the same mortality with HEM and F100.  Oedematous children with ++ and

+++ oedema seem to have a lower mortality with HEM, however both OE death ratios are under

100. None are significantly different from the expected deaths.

Figure 2.24: OE death ratio by diet during phase 1 & oedema, Buchanan

                                  nF100=274, nHEM=194
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F75 and F100 in Makeni, 1998

Table 2.21 shows the effect of introduction of F75 to the Phase 1 regimen in Makeni. The CFR

decreased by over 5. Transferred children did not account for this difference.

TABLE 2.21: COMPARISON OF F75 AND F100 IN PHASE 1, MAKENI TFC
Makeni TFC OE ratio Sig CFR% Exc. % N Transfer /Abandon /Discharge
Diet 1  F75 34 0.104 1.1 -2.12 56 8             / 11            / 34
Diet 2  F100 165 0.178 6.6 2.59 85 6             / 5              / 63

Figure 2.25 shows the data by degree of oedema. This shows that more of the children in the F75

group had severe oedema (there were none with marasmus or mild oedema). The difference seen

in table 2.21 is thus likely to be the minimum difference that could be expected.

Figure 2.25: OE death ratio by diet during phase 1 & oedema, Makeni

                                   nF75=56, nF100=85

F75 and F100R in Macenta

Table 2.22 shows mortality statistics for F75 and F100R in phase 1 from Macenta. F75 again

gives better results than F100R. Figure 2.26 shows that the improvement was sustained for each

of the degrees of oedema, but was much more dramatic for those with severe oedema. It should

be noted that F75 was specifically designed for those with complicated severe malnutrition.
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TABLE 2.22: COMPARISON OF F75 AND F100R IN PHASE 1, MACENTA SNU
Macenta TFC OE death ratio Sig CFR% ExCFR% N Trans      / Aban      /Disch
Diet 1  F75 119 0.318 5 0.8 254 4              / 10           / 217
Diet 2  F100R 158 0.052 7.2 2.63 210 1              / 17           / 159

  Figure 2.26: OE death ratio by diet in phase 1 & oedema, Macenta

               nF75=254, nF100=210

Mortality and diet in phase 1 in the West region

Table 2.23 shows that when we accumulated all the data of the different centres in West Africa

together, the data show the superiority of HEM compared to F75. However we know that Liberia

had an extremely low mortality, particularly with oedematous children from the previous

analysis. This example shows how careful we have to be with the interpretation of the data, how

analysis by centre is essential, and how the confounding factors can change the interpretation of

the data. This is further illustrated in figure 2.27, which shows the mortality with different

products according to the degree of oedema.

TABLE 2.23: MORTALITY AND DIET IN PHASE 1 IN THE WEST REGION

West region OE death ratio Sig CFR% ExCFR% N Tran    /Aban    /Disch
HEM 67 0.141 2.6 -1.23 194 13        / 20       / 152
F75 107 0.46 4 0.27 310 12        / 21       / 251
F100 92 0.323 4.4 -0.39 359 15        / 63       / 252
F100R 158 0.052 7.2 2.6 210 1          / 17       / 159

Figure 2.27: OE death ratio by diet in phase 1 & oedema, West region
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                          n1= 310, n2=359, n3=210, n4=194

Table 2.24 shows only the children with (+++) oedema. Of the 43 children on F100, 32 came

from Buchanan, and 11 from Makeni: but the mortality in Makeni was high and this distorts the

data. The HEM data came only from Buchanan. These analyses show how errors with non-

adjusted OE death ratio can be a problem for the interpretation of the aggregate data.

TABLE 2.24: MORTALITY, DIET &  +++ OEDEMA, WEST REGION

West region
Oedema +++

OE death ratio Sig CFR% ExCFR % N Trans/Aban/Disch

F75 239 4.6 2.65 35 3 / 1 / 28
F100 314 0.024? 9.3 6.34 43 0 / 9 / 30
F100R 528 9.1 7.37 11 0 / 0 / 8
HEM 61 1.7 -1.06 18 2 / 1 / 13
? = significant  by z-test but according to the Upper and Lower CI of the expected deaths

F75, F75R, F100R, HEM in Mao TFC, 1996 – 1998

Table 2.25 shows the mortality on different products from Mao, Chad. The numbers of F75 are

very small. There was no significant difference.

TABLE 2.25: MORTALITY AND DIET DURING PHASE 1, MAO TFC
Mao TFC OE death ratio Sig. CFR% ExCFR % N Transfer/Abandon/Disch
HEM 91 0.332 4.5 -0.44 179 5 / 20 / 142
F75 0 0 -5.19 14 4 / 0 / 10
F75R 102 0.46 3.6 0.08 250 24 / 20 / 188
F100R 138 0.095 5.2 1.42 387 49 / 81 / 224

Diet and oedema during phase 1
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Figure 2.28 shows the same data broken down by oedema status. F100R was not as good as

HEM. For marasmic children F75R was best, but the same diet was worst for oedematous

children. It should be noted however that F75R is a diet with a high osmolarity, due to the use of

sucrose instead of dextrin-maltose and cannot be compare with F75 directly.

Figure 2.28: OE death ratio by diet during phase 1 & oedema, Mao TFC

n1=14, n2=250, n3=387, n4=179

F75, F100 and HEM in El Salam TFC

Table 2.26 shows that F75 has the lowest CFR and excess case fatality rate compared to HEM,

and F100R had a higher risk of death.

TABLE 2.26: MORTALITY AND DIET DURING PHASE 1, EL SALAM TFC
El Salam TFC OE death ratio Sig CFR% ExCFR % N Trans / Aban / Disch
HEM 82 0.172 4.17 -0.91 436 33        / 148    / 223
F75 29 0.087 2.73 -6.59 22 3         / 8        / 11
F100R 158 0.016 5.94 2.19 401 46       / 58       / 271

Figure 2.29 shows that F75 has a lower OE death ratio compared to HEM and F100R for wasted

children. For oedematous children, HEM is better than F100R. Unfortunately we have no data on

F75 as oedematous malnutrition was uncommon in El Salam.
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Figure 2.29: OE death ratio by diet during phase 1 & oedema, El Salam

n1= 22, n2= 401, n3=436

Diet in phase 2

Buchanan diet in phase 2:

Table 2.27 shows that, in Buchanan, F100 had a higher CFR and excess death than HEM.

TABLE 2.27: MORTALITY & HEM VS. F100, DURING PHASE 2, BUCHANAN TFC
Buchanan TFC OE death ratio Sig CFR% ExCFR% N Trans/Aband/Disch
HEM 50 0.12 0.9 -0.88 182 6        / 15       / 155
F100 134 0.251 3.5 0.88 254 6        / 44      / 190

Figure 2.30 shows how the OE death ratio varied with oedema. HEM (+++) oedema is high. They

were 31 cases of oedema children with F100 and 17 cases with HEM. There were no deaths with

F100 in this category.

For ++ oedema, the numbers were respectively 67 for F100and 32 for HEM. In this case, HEM

had a lower OE death ratio very low than F100.

For + oedema, F100 (n=32) had a higher OE death ratio compared to HEM (n=17).  For no

oedema, the difference is significant for HEM (n=121), but not for F100 (n=118).

Diet and oedema during phase 1
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Figure 2.30: OE death ratio by diet during phase 2 & oedema, Buchanan

                      n1=254, n2=182

Macenta diet in phase 2

Table 2.28 shows that F100 is better than F100R but the differences are not significantly

different. Figure 2.31 shows the difference by grade of oedema. F100 is clearly superior for

marasmic children. For mild and moderate oedema, there is not much difference in the mortality

statistic; however, for those children with severe oedema (F100, n=22; F100R, n=13) the

difference is again large.

TABLE 2.28: MORTALITY & F100 VS. F100R, DURING PHASE 2, MACENTA SNU
Macenta SNU OE death ratio Sig CFR% Exc% N Trans / Aban/Disch
F100 137 0.239 4.2 1.14 197 2         / 6       / 180
F100R 195 0.012? 5.5 2.69 235 0         / 18      / 198

Figure 2.31: OE death ratio by diet in phase 2 & oedema, Macenta

                                         n1=232, n2=87, n3=77, n4=35
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Mao diet in phase 2

In Mao, table 2.29 shows that HEM has a significantly lower mortality rate. Figure 2.32 shows

that this is mainly due to marasmic children who had a very low mortality rate at this time.

TABLE 2.29: MORTALITY & DIET IN PHASE 2, MAO TFC
Mao TFC OE death ratio Sig CFR% ExCFR% N Trans/Aban/Disch
HEM 42 0.037* 2 -2.66 169 5        / 19    / 142
F100 69 0.17 2.6 -1.15 157 21       / 10   / 120
F100R 97 0.398 3.8 -0.13 537 76       / 91   / 352

Figure 2.32: OE death ratio by diet during phase 2 & oedema, Mao

n1= 157, n2=537, n3=169                          Diet during phase 2

El Salam TFC during diet in Phase 2

El Salam data is shown in table 2.30. HEM is marginally better than F100R. In El Salam there

was not an increment in mortality with degree of oedema. And the difference between

oedematous and non-oedematous children was much smaller than elsewhere.

TABLE 2.30: MORTALITY & HEM VS. F100, DURING PHASE 2, EL SALAM TFC
El Salam TFC OE death ratio Sig CFR% ExCFR% N Trans/Aban/ Disch
HEM 80 0.207 2.6 -0.62 368 19      / 109  / 224
F100R 88 0.308 1.7 -0.22 372 20      / 57    / 287
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Figure 2.33: OE death ratio by diet in phase 2 & oedema, El Salam

        n1 = 637, n2=103

The data from individual centres show that HEM gives a low mortality, both in phase 1 and 2,

and that where F100 is used then it should be combined with F75 in phase 1. The type of diet and

mortality experienced in phase 1 complicates the analysis of data in phase 2. There were

insufficient data to examine these interactions with the phase 2 antecedent diet.
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8. Risk of death by country by day of minimum weight

The children’s progress and weight changes after admission do not follow a homogeneous

pattern, some taking longer at a static weight before starting rapid weight gain than others; some

children take longer to loose oedema than others. There was a very poor relationship between the

pattern of recovery and the phases of treatment. This was because the children were treated by

protocol and because in an emergency situation with large numbers of patients and high

patient:staff ratios, there is an urge to move the children to phase 2 as rapidly as possible. Many

children were put in phase 2 whist their weight was still static, others were kept for a few days in

phase 1 whilst they were gaining weight. Therefore, in order to examine mortality in relation to

weight changes, the data files was manipulated to put the children into register on the day of

minimum weight and mortality experience related to this time.

8.1. Hypothesis and Objectives

The objectives are as follows:

• To identify any particular period where there is excess death from day of admission to day of

minimum weight (i.e. during the phase of weight loss or stasis).

• To identify any particular period where there is excess death, from day of minimum weight

during weight gain.

• To compare the children who gained weight immediately from admission with the ones that

had an initial weight loss or stasis, and to determine the critical period of risk of death for

these children.

• For each of these periods, to compare the wasted children with the oedematous ones.

The hypotheses are as follows

Hypothesis 1: There is a critical period of excess deaths between the day of admission and the

day of minimum weight.

Hypothesis 2: There is a critical period of excess deaths from the day of minimum weight

during the recovery phase.

Hypothesis 3: There is a difference of excess deaths between children who gained weight

from the first day of admission and the children who lost and then gained weight.

Hypothesis 4: There is a difference between the period of excess deaths for wasted and

oedematous children.
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 8.2. Methods and subjects

The same methods were used as previously described. Countries are compared in order to have

sufficient subjects. The centres in each country were running in the same context, except for

Burundi, where the RDCC of Maramvya was run during an acute emergency phase’ situation, and

Ngozi’ centre was in the recovery stage.

8.3. Results

1- Risk of death during the phase of weight loss

Figure 2.34 shows the excess deaths, by country for oedematous and wasted children during the

period of weight loss, for those who lost weight. Mali and Somalia experienced excess deaths

during weight loss. The risk in Mali was particularly for wasted children. From the previous

analyses, the overall deaths in these centres were lower than expected. In these centres, therefor

the early period before rapid weight gain was particularly hazardous.

In contrast, Burundi, Uganda and Rwanda, which were the countries that the previous analyses

showed experienced a high overall mortality, did not have an excess case fatality rate during the

period before weight gain.

The CFR is all the countries combined was around 5% with a total excess death of –0.14; the

difference between observed and expected deaths for this period was not significant.

Figure 2.34: Excess deaths for wasted and oedematous children by country from day of
admission to the day of min weight
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2. Risk of death from day of last min weight to recovery

Children from day of min weight to day 6 (children who gained weight from admission are

excluded)

From day of min weight to day 3

Figure 2.35 shows the excess death that occurred during the first 3 days of weight gain from

minimum weight. Here there were excess deaths in every centre for oedematous children, and

also for marasmic children except in Somalia and Angola. Both the oedematous and the wasted

children seemed to be at major risk during this time. This excess mortality was probably due to

overfeeding, or the management of the complications of overfeeding at this time. For the 3-day

period, the total CFR was 6% (280/4822) where as a mortality of 1% was expected giving an

excess death of 5%. The difference is very highly significant (O/E: 594). It is likely that, better

management could avoid these deaths. The % excess death is as dramatic for wasted as for

oedematous children, indeed excess marasmic deaths exceeded oedematous deaths in Sudan,

Tanzania, Guinea, Rwanda, Sierra Leone and Chad.

Figure 2.35: Excess deaths of wasted and oedematous children from day of min weight for the
next 3 days  (children gaining weight from admission excluded)
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From day 4 to day 6 after minimum weight

Figure 2.36 shows the excess death from day 4 to 6 after minimum weight

Figure 2.36: Excess deaths of wasted & oedematous children from day 4 to 6 after minimum
weight.

Between day 4 and 6 of weight gain, most countries had less than excepted death rate. However

Mali, Rwanda, Sudan and, in particular, Somalia & Uganda, still had a high mortality rates for the

wasted children. There was small excess for oedematous children in Angola and Sudan, and very

large excess in Uganda during this time.

In total, the difference between the observed and expected deaths is significant with a CFR of

0.9% (33/3943) whereas the expected death rate was 0.4% giving an excess death of 0.5%. This

overall excess is mainly due to the high number of deaths in Uganda.

Children from day of minimum weight to day 6 (children who gained weight from admission

included)

Figure 2.37 shows the excess death for the first 3 days, for children who did not experience any

weight loss.

In total, the CFR is 5% (133/2761) and the excess death 2% (O/E: 149) The difference between

observed and expected deaths is significant.
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The excess deaths with those gaining weight from admission were mainly the oedematous

children, the exception again being Uganda. A strikingly different pattern is seen in the different

countries. The excess deaths were not observed in Angola, Sierra Leone, Somalia, Tanzania and

Chad; whereas the excess was 10% to 18% of oedematous children (who had no weight loss) in

the other countries. Oedematous children who gain weight from admission are likely to be

accumulating fluid, or replacing oedema fluid with tissue – the weight gain in this situation

cannot be equated with laying down new tissue.

Figure 2.37: Excess deaths from the day of admission to day 3 for children gaining weight
since day of admission, by country

Figure 2.38 shows the excess deaths from day 4 to 6 after admission for the children that gained

weight immediately. Compared to figure 2.35, the excess mortality decreased for most countries.

However, there was a dramatic increase in the mortality rate for oedematous children in Sierra

Leone and Somalia during this 3-day period. And there was no reduction in the excess mortality

in Liberia and Uganda. The only explanation I can offer is that all the children were put into

Phase 1 for the first 2 or 3 days and then they were systematically moved to phase 2, with its high

intake diet.
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Figure 2.38: Excess of deaths from day 4 to 6 after admission for children that did not loose
any weight

Figure 2.39 shows the excess death from day 7 to 10 after admission in those who gained weight,

immediately. The excess mortality in the oedematous children continued during this period in

Rwanda, Somalia and Uganda. In Guinea and Burundi, the excess seems to have increased.

Whereas in Liberia, Mali and Angola, the danger period for oedematous children seems to have

passed by this time. It is of great concern that the marasmic children both in Burundi and Uganda

had a resurgence of excess mortality at this time.
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Figure 2.39: Excess deaths from day 7 of admission to day 10 for children gaining weight since
day of admission, by country

8.4. Conclusion

Examination of the data in this novel way shows that the excess mortality is related to the very

early period of weight gain in both those children who have an initial period of weight loss and

also those who gain weight from admission. The children who lost weight are the most

informative. This is because they did not experience excess death after admission whilst their

weight was static or they were loosing weight, but only after they started to gain weight. The

death cannot therefore be ascribed to the mother presenting with the child “too late”; neither can

it be ascribed primarily to conditions that themselves lead to loss of weight – such as diarrhoea,

respiratory tract, or other, infection or HIV. The excess death is most likely the consequence of

the way in which these children are managed. It is not possible to differentiate these effects in the

children that gain weight from admission, presumably they have better appetites and less severe

clinical presentation. Nevertheless, the timing and pattern of excess death in these patients is in

complete agreement with those that initially loose weight.

In order to identify the factors in the management that are likely to be critical in causing these

deaths, I will examine each centre individually to see if we can associate change in management

or protocol with changes in mortality rate.
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9. Use of Cusum technique to examine temporal changes in mortality

This section of the thesis examines each centre individually using the Cusum technique.

9.1. Objectives and hypothesis

Objectives

- To identify periods where there is a change in mortality rate,

-  To examine these periods in relation of changes that have occurred in the centres,

- To try to identify the likely cause of these particular changes in mortality

retrospectively, from the contemporary reports from the centres.

Hypothesis

Hypothesis 1: The Cusum can be used to identify temporal changes in the observed to expected

mortality rate.

Hypothesis 2: These temporal changes in mortality can be related to factors that may effect the

quality of care which have changed coincidentally:

- Staff training,

- Staff patient ratio,

- Transfer policy,

- Physical security (belligerents in war situation, curfew, access for staff, etc,),

- Season (hypothermia - malaria - dehydration),

- Antibiotic policy,

- Force feeding,

- Type of admission,

- Infusion and ORS,

- Products used,

- Epidemic infections (cholera - shigella).

Hypothesis 3: The changes in the factors described in the monthly reports, which coincide with

the changes in mortality, as a “natural experiment”, are reproducible and directly related to the

excess deaths identified and can be used to judge the magnitude of the effect of a change in

management.
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9.2. Subjects and Methods

The subjects were the 6 to 59 months old children. The Cusum of Prudhon index by period of

time is described in part 2.

Note that the time is taken at admission, therefore there is a variable delay between the date

recorded in the graphs and the time of the observed outcome.

In interpretation of the Cusum graphs, it is important to emphasis that the DIRECTION of the

line is the important parameter to define a change. The absolute number of excess deaths needs to

be related to the number of admissions, which is variable for each centre, period of observation

and patient category, where these are compared. Furthermore, the “starting point” of each period

depends upon the accumulated experience in the previous periods. Thus, when the line is moving

upwards the centre is doing better than expected and when it is moving downwards, it is doing

worse expected irrespective of the starting point or the absolute magnitude of the change.

9.3: East Africa: Burundi, Maramvya RDCC, from 10 February to 24 May 1997

Figure 2.40 shows Maramvya Cusum during February to June 1997. The cusum was steady

(Expected deaths = Observed deaths) from February 1997 mid March 9, 1997 (first period).  Then

there was a dramatic excess death rate from March 10th to May 24, 1997 (second period).

Figure 2.40: Maramvya, Burundi, Cusum of mortality, 1997 (n=293)

Figure 2.41 shows the Cusum of marasmic patients and figure 2.42 for those with kwashiorkor. A
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similar pattern is seen with both types of patients. However, the centre was doing well with

marasmus for about 5 weeks and then there was a sudden decline to achieve an excess of 12

deaths out of 98 patients (12%). The deterioration in performance for kwashiorkor started earlier:

there were 35 excess deaths out of 195 patients (18%)

Figure 2.41:  Maramvya Cusum of mortality for marasmus, 1997 (n=98)

     Figure 2.42: Maramvya Cusum of mortality for kwashiorkor, 1997 (n=195)
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Description of the excess deaths

Table 2.31 shows that the excess deaths were very high for the critical period as for the total

period, the highest risk being from day 4 to 14. This period corresponds to phase 2. The excess

deaths for day 0 –3 were, in contrast, very modest.

TABLE 2.31: EXCESS DEATHS (OE DEATHS RATIO) FROM MARCH 10 TO MAY 24, 1997 BY TIME AFTER
ADMISSION, MARAMVYA.

Period Adm.-disch
ExcCFR %
(OE ratio)

0-3 days
ExCFR %
(OE ratio)

4 –6days
ExCFR %
(OE ratio)

7 –14 days
ExCFR %
(OE ratio)

15-26 days
ExCFR %
(OEratio)

27-200 days
ExCFR %
(OE ratio)

2nd period 20.1 (330)** 1.81 (147) 4.58 (595)** 9.72 (809)** 6.31 (741)* 5.74 (1240)
Total 13.4 (262)* 0.66 (118) 3.3 (500)* 6.3 (587)* 3.76 (483)* 4.7 (1062)

Table 2.32 shows the mortality statistics by oedema. The oedematous children had a high

mortality from day 4 to 6 if they had ++ or +++ oedema and a very high mortality from day 7 –

14. The marasmic children had a high mortality later, particularly from day 15 to 26.

Due to particular low expected number of deaths, the OE death ratio is exaggerated, and the

excess deaths’ number gives better idea of the magnitude of the problem.

TABLE 2.32: EXCESS DEATHS (OE DEATH RATIO) BY OEDEMA, FROM MARCH 10 TO MAY 24, 1997,
MARAMVYA,

Degree of
oedema

Adm.-disch
ExCFR %
(OE ratio)

4 –6days
ExCFR %
(OE ratio)

7 –14 days
ExCFR %
(OE ratio)

15-26 days
ExCFR %
(OE ratio)

No 18.4          (237)** 2.46           (272) 10.48      (578) 11.11       (789)
Oedema + 20.17        (323)** 3.39            (423) 10.69       (980) 3.19         (463)
Oedema ++ 19.57        (461)** 6.24          (1250) 6.45         (817) 4.64         (844)
Oedema +++ 27.02       (985)*  8.81         (2000) 16.1         (3300) 1.72        (714)

Monthly reports

Before this centre was opened, another NGO, Medecins du Monde (MDM), was running a health

centre where they treated the malnourished patients medically (but not nutritionally). When ACF

opened in beginning January 1997, patients were fed by ACF. There was parallel recording, and

most deaths during this period occurred with and were recorded by MDM. The observed

mortality rate for ACF was therefore artificially low during this period. The medical cards of the

patients were kept by MDM, and a separate fiche was made by ACF for nutrition care. During my

visit to the centre, at this time, the MDM staff agreed to recognise that the deaths were due to

malnutrition.
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In mid February 1997, the National authorities decided in Burundi that MDM had to leave the

country for political reasons.  Almost immediately, in April 1997, a cholera outbreak (Ogawa)

occurred. There had been acute hygiene problems with concentration of a very large number of

malnourished patients, their attendants and dependants in a small area (total population: 2000). It

was impossible to enlarge the shelters. The care was residential day care, which means that the

patients and the caretakers were living in the centre with all the goods and the staff was forced to

abandon them at 4pm by edict of the military command. There were a large number of adults in

the centre and many of the caretakers were themselves sick. The health facilities near the centre

were completely insufficient and the transfers to hospital were not possible. The patients were

Hutu and the staff mostly Tutsi. Because of unhygienic conditions, the caretakers were at high

risk as well as the malnourished patients. The attack rate for marasmic adults from cholera was

about 25%, but was less than 1% in those with oedema (Golden & Grellety, unpublished). There

were several instances where the caretakers died from cholera and the children survived.

However, the kwashiorkors had a high mortality during this period, particularly from day 4 to 6.

At that time, the number of admissions per day was very high; the quantity of therapeutic milk

product was given to patients according to their age instead weight to simplify the management of

the treatment.  The high daily number of admissions had a direct consequence on the treatment by

necessitating the rapid shift of patients from phase 1 to phase 2.  At that time, neither transition

phase, nor systematic antibiotics were part of the protocol. ReSoMal was given in Phase 2 when

the patient developed diarrhoea, even if they had oedema, without altering the dietary intake.  For

the children with marasmus experienced the highest mortality from day 7 to 14. This was related

to the high rate of cholera like diarrhoea.

In this context, diarrhoea was the important clinical sign. If we consider the severely wasted

children, suffering from diarrhoea, from day 7 to day 14, OE death ratio 641=9.0:1.4, with

12.06% Excess CFR, is higher than the children without diarrhoea. A similar picture emerged for

day 15 to day 26.

It is clear that the political constraints that were imposed upon the care of these patients were the

underlying cause of the poor performance. It is not possible to manage a patient with cholera if

treatment can only be given from 10am until 4pm.
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9.4. East Africa: Uganda, Lacor SNU, from 5 June to 29 December 1997

The Cusum decreases throughout the whole period of observation – overall out of 459 patients

admitted, there were 78 deaths, more than expected. The cusums for kwashiorkor and marasmus

are presented in figure 2.43. There was a dramatic difference between the outcome of children

with marasmus and kwashiorkor in Lacor. There was the expected number of deaths in marasmic

children from May to the beginning of December. Then there is deterioration during the last

month of observation. In contrast, with kwashiorkor there was a continuous excess of death, so

that by the end of the observation period 65 children had died that were unexpected.

Figure 2.43: Lacor cusum of mortality for marasmus  & kwashiorkor, 1997 (nM=184,
nK=349)

Description of the excess of deaths

Table 2.33 shows the excess mortality statistics by time after admission. Although there were the

excess deaths in kwashiorkor at all the time periods, the peak problem occurred mainly from day

7 to 27. Most excess marasmic deaths occurred from day 7 to 27. They were very few deaths after

day 27, unlike the situation in Kitgum. This could either be because there was less severe

associated illness (TB, HIV, etc), or that those with these conditions died earlier in Lacor
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TABLE 2.33: EXCESS DEATHS (OE DEATH RATIO) BY MARASMUS & KWASHIORKOR DURING THE TREATMENT,
LACOR, 1997

Characteristic All
ExCFR %
(OE ratio)

Marasmus
ExCFR %
(OE ratio)

Kwashiorkor
ExCFR %
(OE ratio)

All period 17.0  (295)** 11.7  (184)** 18.7  (389)
- Day 0 to 3 2.7    (147) 4.2    (234)**
- Day 4 to 6 0.6   (139) 4.0    (660)**
- Day 7 to 14 6.9  (398)** 7.3   (800)**
- Day 15 to 27 8.5   (366)** 7.7    (897)**
- Day 27 to 200 1.7   (344) 4.5   (1166)

Children with diarrhoea had a much higher mortality than those without (table 2.34), probably

due to IV fluid or / and ReSoMal. Hypothermia (table 2.35) was associated with a major increase

in excess case fatality rate in marasmus. This was not seen in kwashiorkor. The data recorded for

dehydration and anaemia were incomplete to allow meaningful analysis.

TABLE 2.34: OE DEATH RATIO BY CLINICAL SIGN, LACOR, 1997
Characteristic Yes

OE death ratio
No
OE death ratio

Hypothermia 262* 210*

Diarrhoea 239* 145

TABLE 2.35: EXCESS DEATHS (OE DEATH RATIO) BY CLINICAL SIGN AND MARASMUS & KWASHIORKOR,
LACOR, 1997

Characteristic Marasmus Kwashiorkor

No Yes No Yes
OE ratio   ExCFR% OE ratio ExCFR % OE ratio   ExCFR % OE ratio ExCFR %

Hypothermia 118         3.14 244*      18.45 285**       19.89 276     13.86

Monthly reports

Lacor is a private hospital with an old nutrition unit attached to the paediatric ward. The ACF

nurse tried to train both nurses and the doctors in charge of the nutrition unit, but without any

success after one year. She supervised both Lacor and Gulu centres and had major difficulties

communicating with the team of Lacor hospital. This was because, first her relations with the

supervisor of the centre, which were not good, she considered the supervisor of the nutrition unit

as an unmotivated and lazy person. Second, the staff was mainly students who worked for 4 to 6

weeks before “rotating”, so that the turnover of the nurses and the doctors was exceptionally high.
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The unit was initially attached to the paediatric ward. In October 97, the director of the hospital

decided to rehabilitate the centre. The severely malnourished children were moved to a big tent

during the day, which could easily contain 150 patients, and at night were sleeping in one aisle of

the paediatric ward. This could account for the increase in death among the marasmic children at

that time.

Hypothermia in Lacor’ hospital, was recorded as being a major concern of the staff, although they

did not seem to take any active steps to prevent hypothermia. However, the “rules” of the hospital

were that the children were supposed to sleep alone in the ward in beds with the mother sleeping

elsewhere. However, I visited the ward at night and found that the beds were not used, the

mothers slept under the beds with their children. Also there was a big difference between the

temperature during the day and at night in the ward. This aspect was not taken into consideration.

The protocol was the same as the one in Gulu. However the problem of management was so great

at the beginning that it was not possible to collect the first charts of the patients because first they

were missing or incomplete and inaccurate. It took one year to establish the fiche as the only

document to follow the child. The staff persisted in mixing the clinical signs, drugs and

prescription and dietary treatment.

The cut-off point for blood transfusion in Lacor was 6g/100ml of haemoglobin.  Inspection of the

fiche shows that many patients died 24 to 48 hours after blood transfusions. The volume

transfused followed the guideline of requirement for a normal child, without any adjustment for

these children’s physiological state or attention to the specific guidelines for malnourished

children.

Personal observation of the recording of clinical signs indicated that there was frequent

misdiagnosis of dehydration, and over transfusion. There was also clearly a lack of surveillance

of the children. Furthermore, ReSoMal, infusion and transfusion were not recorded systematically

on the fiche. Because of this, many of the deaths could not be accurately attributed.
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9.5. West Africa: Guinea, Macenta SNU, from 21 March 1996 to 30 November 1997

Figure 2.44 shows the cusum from the SNU at Macenta. Three periods can be distinguished: first,

the cusum decreases from March 21 to November 8, 1996 with a short period of stability during

July and August. Second, the cusum increases from November 30 1996 to May 97, and third

period from May 22, 1997 to November 30, 1997, where the slope falls initially and then levels

out from 5 months so that the mortality rate is as expected.

        Figure 2.44: Macenta, Guinea, Cusum of Mortality, 1996 – 97 (n=474)

Figure 2.45 shows the Cusum for kwashiorkor & marasmus separately. The slope for the

marasmus was decreasing quite dramatically until October/November 1996. Thereafter the slope

increases until the end. In contrast, the cusum for the kwashiorkor decreased until November

1996, then increases again until May 22, 1997. Thereafter it decreases. November 1996 to May

1997 was the period where the most experienced nurse was in charge of the centre and there were

few transfers.
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Figure 2.45: Macenta cusum of mortality for marasmus & kwashiorkor, 1996-97 (nM=254,
nK=217)

Description of the excess deaths

Table 2.36 shows the excess mortality and expected to observed mortality ratio by time after

admission for the three periods for marasmus and kwashiorkor. In the first period, there was an

excess mortality for both kwashiorkor and marasmus. The excess for marasmus was spread

throughout the treatment whereas for kwashiorkor it was mainly from day from day 4 to 6 after

admission. Death during phase 1 was excessive. In the second period, there was very low

mortality for the first 3 days after admission and phase 1. During the third period, children with

kwashiorkor died from admission, but particularly from day 4 to 6.

TABLE 2.36: EXCESS DEATHS (OE DEATH RATIO) BY PERIOD, MACENTA, 1996-97
Period Marasmus

Exc deaths       (O:E)

Kwashiorkor

Exc deaths       (O:E)
First period from adm to disch. 10.1    (236)  5.2            (153)

- Day 0 to 3 2.9      (190) 1.3       (130)

- Day 4 to 6 1.2      (265) 8.1       (1000)

- Day 7 to 14 2.8      (331) -1         (34)
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- Phase 1 3.5        (196) 4.8     (199)

Second period from adm to disch. -12      (24) -3.6      (59)

- Day 0 to 3 -5.1     (28)** -3.8      (0)**

- Day 4 to 6 -1.5     (0) -0.8      (0)

Day 7 to 14 -2.6     (0) 1.1       (179)

- Phase 1 -4.5     (31) -3.5      (0)

Third period from adm. to disch -2.1     (80) 4.2       (146)

- Day 0 to 3 0.1      (103) 2.3       (159)

- Day 4 to 6 0.2      (115) 3.3       (514)

- Day 7 to 14 -0.1      (97) 0.8       (161)

- Phase 1 -0.1      (99) 1.8       (141)

Table 2.37 shows that marasmic children were at risk of death with diarrhoea, dehydration and

vomiting. Kwashiorkor children appeared to be at more risk without diarrhoea and at more risk

when they vomited. Too few cases of hypothermia were recorded to allow analysis.

TABLE 2.37: OE DEATH RATIO BY CLINICAL SIGN, MACENTA, 1996-97
Marasmus
O:E death ratio

Kwashiorkor
O:E death ratio

Clinical signs Yes No Yes No

Diarrhoea day0-3
(n=574)

425 58 85 174

Dehydration
(n=574)

192 43 164 154

Vomiting day0-3
(n=574)

199 69 311 100

Monthly reports

The general hospital of Macenta agreed to have a SNU as a part of the hospital, mainly for

Liberian refugees. Two nurses were in charge of the SFP and TFP program from January 1996. In

October 96, I made an assessment visit to Macenta with Pr Golden. Modifications were made to

the protocols at that time, in particular F75 was introduced in phase 1, the amount of porridge was

reduced, as was the family meal in phase 3 (one meal instead of 2 meals). After several attempts

to use F75 reconstituted with rice flour, it was decided to use only ready-to-use F75; this was

used systematically in phase 1. In May 1997, the F100R was changed to F100 and a new ACF

nurse took over supervision of the centre. The new nurse transferred many more patients from the

SNU to the paediatric ward when she considered that they needed infusions or transfusions. Six

kwashiorkor children and one with marasmus were sent to the paediatric ward and died. Three
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other kwashiorkor patients had infusions and died shortly afterwards. None of the marasmic

children died with transfusion.

In August 1997, the nurse went to Liberia to assess the situation there. This corresponded with a

levelling out of the cusum.

The staff depended for their salaries on UNHCR and ACF; these were given through the hospital

administration. Sixteen staff were attached to the service, which is very high for a total patient

load of less than 40.  In January 97, the staff was reduced to seven. This did not seem to affect the

cusum. The patient:staff ratio was around 5.7 .

9.5. Sahel: Mali, Gao SNU, from 16 January 1996 to 15 April 1997

Figure 2.46 shows the cusum from the SNU in Gao Hospital. From January to October 1997, the

mortality is as expected. Thereafter there is a sudden decrease until mid-January 1998, this is the

second period, followed by a more stable period until mid-April 1998 (third period).

Figure 2.46: Gao, Mali, Cusum of Mortality, 16 January to 15 April 1997 (n=401)

Figure 2.47 shows the cusum for children with and without diarrhoea.  Those without diarrhoea

had fewer deaths than expected.  The increased excess death was entirely accounted for by the
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children who had diarrhoea. The children with diarrhoea began to experience excess death from

the beginning of September, which is the exact time of the arrival of the new un-experienced

nurse. This figure shows how force feeding and giving oral-rehydration fluid to children with

mild “refeeding” diarrhoea can kill children – in Gao, there were an excess of nearly 27 such

children who died.  A good hand-over and comprehensive training are essential.

Figure 2.47: Gao cusum of mortality among children with (n=200) and without diarrhoea
(n=100) 1997-98

Description of the excess deaths

For the total period of data recorded

Table 2.38 shows that there was excess death from day 0 to day 6 with a particularly high

observed to expected death ratio from day 4 to 6. This period corresponds approximately to the

shift of the patients from phase 1 to phase 2.

TABLE 2.38: OE DEATH RATIO & EXCESS DEATHS FOR THE TOTAL PERIOD DURING THE TREATMENT, GAO

Period OE death ratio ExCFR %
Total period 161=56.3:35 5.31
Day 0 to 3 188=26.3:14.00** 3.22
Day 4 to 6 367=2.7:0.6** 2.06
Day 7 to 14 112=5:4.5 0.16
Day 15 to 26 117=3:2.6 0.2
Day 27 to 200 248=1.0:0.4 0.95

Table 2.39 shows the mortality statistics by diarrhoea and time after admission. . The children
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without diarrhoea had fewer than expected deaths except for days 4-6 but this was not significant.

Those with diarrhoea died mostly from day 0-3.  However, this excess mortality did not occur on

the day of admission, which would have been expected if dehydration was the proximate cause of

death – rather they died on the second and third day after presenting with diarrhoea.

TABLE 2.39: OE DEATH RATIO & EXCESS DEATHS BY PRESENCE OF DIARRHOEA DURING THE PERIOD OF THE
TREATMENT, GAO

Period Diarrhoea No Diarrhoea
OE death ratio ExCFR % OE death ratio ExCFR %

Total period 248=46:18.5** 13.7 42=3.3:7.9** -4.45
Day 0 to 3 270=20:7.4** 6.6 69=2.3:3.3 -1.03
Day 0 to 1 168=5:3 1.06 75=1:1.3 -0.34
Day 2 to 3 931=15:1.6** 7.2 180=1.3:0.7 0.58
Day 4 to 6 482=6:1.2** 3.30 372=3:0.8 1.81
Day 7 to 21 190=6:3.2 2.29 95=2:2.1 -0.10

For the period of August 20, 1997 to January 2 1998

Table 2.40 shows the same mortality statistics for the second period only.  The mortality

particularly occurred from day 2 to 6 in the children with diarrhoea and there was even an excess

mortality from day 4-6 in those without diarrhoea. The individual “fiche” were examined for all the

children dying with diarrhoea. They all were on cotrimoxazol and received aspirin. Of the 21 dead

children, 14 died in Phase 2 receiving ReSoMal and 200ml/kg/day of F100 and seven of them had a

naso-gastric tube during the days before death. For the deaths in Phase 1, eight died receiving both

ReSoMal and F100, 100 ml/100kcal / kg/day. Force feeding more than maintenance, giving

rehydration fluid in phase 2 and giving full does of both F100 and ReSoMal are known to be

dangerous practices. Just how important these aspects of care are is emphasised dramatically by the

25 deaths in Gao that should not have occurred.

TABLE 2.40: OE DEATH RATIO & EXCESS DEATH BY DIARRHOEA, GAO, FROM AUGUST 20, 1997 TO
JANUARY 2, 1998

Period Diarrhoea No Diarrhoea
OE death ratio ExCFR % OE death ratio ExCFR %

Day 0 to 1 263=4:1.5 2.78 172=1:0.6 0.9
Day 2 to 3 1250=10:0.8 10.81 331=1:0.3 1.5
Day 4 to 6 807=5:0.6 6.44 652=2:0.3 3.39
Day 7 to 10 0 0.81 391=1:0.3 1.55
Day 11 to 15 475 2.68 0 -0.5
Day 16 to 21 293 1.32 0 -0.5
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Monthly reports

The international nurse who opened the program left in July 97 and was not replaced

immediately. In September 97, a first-mission nurse arrived and begun to work without a hand-

over at field level. In October 97, the national doctor in charge of the service had to leave for two

months.  The patient:staff ratio was 1.8 (23 patients). In October 97, the admission rate doubled

and the patient:staff ratio became 4.3.  This influx encouraged rapid progression to phase 2 with

force feeding of high energy by naso-gastric tube. Furthermore, after the experienced nurse and

doctor left, ReSoMal, instead of water, was freely available in ward.  Thermometers were not

available until May 98 (although as the environmental temperature was often above body

temperature, body temperature could not be taken). There was restricted used of antibiotics and a

very high use of aspirin. The third period was stable, with still a lot of admissions and an

increased number of oedematous children.  However, the length of phase 1 was increased from

2.4 to 3.7, the naso-gastric tube was banned in phase 2 and the doctor returned.

9.6. Centres and risk of death

I have used the cusum technique to examine the temporal changes in mortality for 4 of the 20

centres (the other centres are not presented, the datas are available from the author), in order to

identify the critical periods and relate them to variations in the basic protocol, or other changes that

occurred in the centres.

First, the shape of the graph helps to delineate the periods of time, where there was a change in

mortality rate. Second, the contemporary reports allowed me to identify precisely the period when

changes that the staff though important happened: this included changes of protocol, products,

systematic antibiotics, staff management and personnel (both international and local).

Third, I tried to identify the causes of these particular changes in mortality. Data on climate,

temperature, rainfall, general distribution, ethnic origin of individual patients, antecedent illness etc.

were not collected in this study, but this technique could be used to identify those factors that are

important in mortality from severe malnutrition.

It should be noted that the cusum has been altered at the time of admission of the child, even though

the death occurred later, so that the exact correspondence of the change in the lines to the timing of

the event is not exact. In future analyses I recommend that the discharge date be used instead of the

admission date.

Nevertheless, the analysis shows that when the same protocol is used at different times in the

same region, the results obtained can vary very widely.  It is likely, that the optimum treatments

for the different forms of malnutrition (kwashiorkor and marasmus) are in fact, different.
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Although at the moment, we do not differentiate their treatment partly for pragmatic purposes but

mainly because we do not know how and in what way the treatments should be different.

Whether they are accompanied by various micronutrient deficiencies (some superimposed and

some an integral part of the illness), or whether malnutrition occurs in the setting of a complex

emergency with migration, a famine or from poverty in a stable society, are variables that could

potentially lead to different forms of malnutrition necessitating variations on the basic treatment.

It is only by examining the results of implementing the same protocol in different settings that

such discrepancies can be identified and addressed.

The differences in case fatality rates by region are obvious, particularly for Sahel and West Africa

compared with East Africa. However, the effect of emergencies, and care facilities has certainly to

be taken into consideration.

Table 2.41 summarises the finding of mortality by centre overall, for kwashiorkor and marasmus

separately and by clinical feature.  East Africa had the worst figures not only for kwashiorkor, but

also for marasmus. Within East Africa by far the worst figures were obtained for SNU within

hospitals in stable conditions, with electricity, laboratories and ancillary services (the only other

centre which had a similar mortality was Maramvya, in Burundi, where day-treatment was

attempted under appalling conditions with a cholera epidemic raging).

Oedematous children in East Africa seem to be at higher risk of death than those with marasmus,

whereas oedematous children in Sahel region and Liberia seem to be at lower risk.  In Somalia,

Mali and El Salam, it seems that marasmic children were more at risk than the other ones.

Clinical signs are very different by country and by degree of emergencies. For example, diarrhoea

seems to vary according to different factors such as emergencies. Nevertheless it seems that having

these complications puts the patient at particular risk in SNU units. Clinical pallor (anaemia)

everywhere seems to confer a high risk of death except in the Sahel (data not presented). Likewise,

dehydration and hypothermia are major risk factors for death.  However, it would seem from my

analysis that outcome of these complications varies by type of centre in an alarming way.  The

cusum analysis in many of the centres indicate that the unexpected deaths mainly occur from day 4-

7 and are associated with misdiagnosis of dehydration and mismanagement of fluids – problems

that are much worse in children with anaemia.  Indeed, it is likely that anaemia “causes” death by

making the children more susceptible to inapropriate fluid administration.
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TABLE  2.41: OE DEATH RATIO, CFR AND EXCESS DEATHS BY CLINICAL SIGN, ACF CENTRES, 1993-1998
Country Centre Type(1) CFR% OE

ratio

ExCFR

%

K CFR

%

K OE

ratio

K

ExCFR%

 M CFR % M

OE Ratio

M

ExCFR%

  Diarrh.

  OE Ratio

  No / Yes

Anaemia

OE Ratio

No / Yes

Dehyd

OE ratio

No / Yes

Hypother.

OE ratio

No / Yes

Angola  N’Dalatan E + T 5.7   69 -2.5 10.9 82 -2.4 3.1 55* -2.6 73 / 68 70 / 68 65* / 85 -

Burundi  Maramv. E + D 24.1 278* 15.4 23.1 380* 17.0 26.1 190* 12.4 185/246* 178*/358* 252*/ 213 221*/456*

N’Gozi T 5.3  64 -2.9 4.3 60 -2.9 7.2 71 -2.9 57/41 21*/ 93 53/36 31*/--

Rwanda Cyanika E + T 11.5 177* 5.0 13.0 215* 7.0 10.6 159* 4.0 - - - -

Kibeho E + T 13.6 178* 6.0 16.9 193* 8.1 12.5 172* 5.2 - - - -

Tanzania Kitali T 3.2 60 -2.1 2.3 50 -2.3 3.3 51 -3.2 - - - -

Uganda Gulu S 25.4 236** 14.6 23.6  235* 13.3 28.1 245* 16.6 194*/316* 227*/561* 221*/263* 229*/503

Kitgum S 20.8 200**   10.4 23.6    223* 13.0 18.7 184* 8.5 185/239* 372/557* 166/331* 184?/330*

Lacor S 26.1 285** 17.0 26.3 349* 18.7 25.7 184* 11.7 145/239* 325/763 178/360* 210*/262*

Guinea Macenta S 12.4 125 2.4 13.0 137 3.5 11.9 117 1.7 125/124 104/190* 103/148* 127/328

Liberia Buchanan T 8.2 79 -2.2 8.5 82 -1.8 7.9 77 -2.4 45*/85 48*/93 57*/95 77/223

Sierra L Makeni T 8.5 106 0.5 12.3 149 4.0 5.3 68 -2.5 72/104 0/134 0/98 -

Chad Andobac T 6.8 84 -1.3 11.1 123 2.1 6.3 79 -1.7 69/95 - 43/162 89/80

Mao T 11.2 98 -0.2 13.5 93 -1.0  10.6 99 -0.2 117/91 97/100 96/110

Mondo T 6.0 56 -4.8 4.5 56 -3.6 6.4 56 -5.1 77/47 - 32*/132 -

Mali Gao S 14.0 161* 5.3 15.9 145 5.0 13.7 165* 5.4 58/222* - - -

Somalia Forlanini T 13.3 101 0.2 13.6 91 -1.4 13.2 109 1.1 99/135 63/112 - -

Sudan El Salam D & T 9.6 102 0.2 11.5 79 -3.0 9.3 109 0.7 111/134 117/122 115/262 109/220

Wadelbeshi D & T 4.5 47* -5.0 7.8 54 -6.6 49 49* -4.3 39/44** 19**/51 8**/63** 39**/77

S.Sudan Ashwa D 0 10* -4.8 0 15* -3.5 - - - -

S = Specialised Nutrition Unit, T = Therapeutic Feeding Centre, D = Day Care Centre, E = Emergency situation, * = Difference significant.  Green = significantly better than expected
and yellow significantly worse than expected  .   ? = Difference almost significant
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Part 3

Catch-up weight-gain
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Chapter 1: Introduction
When the child starts to recover his appetite, weight is gained. This sign is used to indicate that

infection is under control and that there are no major electrolyte imbalances or deficiencies.

Waterlow (1961) demonstrated that the rate of weight gain during rehabilitation is directly

proportional to the dietary energy intake and not to the protein intake.  Once maintenance energy

requirements have been met, the extra energy is available for the synthesis of new tissue.

The aim during Phase 2 or recovery phase is to increase the energy intake to achieve the highest

rate of weight gain in a shortest possible time.  This has great advantages. The length of stay in

hospital or TFC is shortened. This minimises the psychological trauma of a strange environment,

reduces the time the mother is away from her family, allows more patients to be treated in a

given period at lower cost, and decreases the risk of cross infection.

At that stage, all the components needed to build new tissue have to be supplied by the diet, in

the correct balance.  First, maximum energy intakes are achieved by increasing the energy

density through addition of oil to the diet. Oil increases the energy density without increasing the

osmolality or the renal solute load of the diet.  The volume offered has to be increased according

to patient’s appetite so that the patient can determine his intake himself.  The only way to make

sure that the patient is fed to appetite is to ensure that something is left after each feed.

3.1. Energy requirements

Golden (1997) derived an equation for the energy required for weight gain: 

Energy Intake = 82 + {[2.8 x Lean + 9 (1- Lean)] * RWG * 0.9} kcal/kg/d,

Where Lean is the proportion of lean tissue that is synthesised and (1-Lean) is the proportion of

adipose tissue synthesised.  RWG is the rate of weight gain (g/kg/d), 82 is the maintenance

energy requirement in kcal/kg/d, 9 the energy cost of laying down one gram of fat tissue and 2.8

of lean tissue, and 0.9 being a factor to allow for energy malabsorption.  He demonstrated the

substantial effect of the type of tissue being synthesised on the energy requirement for weight

gain (Jackson et al., 1977), which could account for a large part on the difference in observed

weight gain between individual patients.

3.2. Protein requirements

In a similar fashion the protein requirements for weight gain were calculated by Golden, taking

the maintenance protein requirement as 0.6 g/kg/d (Chan and Waterlow, 1966), lean tissue to be

20 % protein and 80 % water, and adipose tissue 2% protein. The method of deriving the 0.6 g
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protein/d for the maintenance requirement took into account the efficiency of use of the diets and

malabsorption But the equation-derived takes into account the malabsorption factor, and 70%

protein efficiency, so as it can be generalised.

Protein Intake = 0.6 + {[0.2 x Lean + 0.02 x (1-Lean)] x RWG *0.7 * 0.95} g/kg/d

The protein-energy density required to achieve a weight gain of 20 g/kg/d with 60 % lean tissue

is about 10.5% protein (when using a diet whose protein is used with 70% efficiency).

3.3. Nutrients requirements

All other nutrients are needed in amounts that will sustain lean tissues synthesis in a balanced

fashion. Zinc supplementation of a basic diet showed an increase of weight gain from 3.0g/kg

per day to 7.5 g/kg per day (Golden et al., 1980), partly due to an increase in lean tissue

synthesis. Relatively large amounts of potassium and magnesium are also needed but the basic

physiological data are not as secure as with energy and protein. We do not know the

requirements for weight gain in detail for many of the other nutrients and for none of the

nutrients do we have an estimate of the intra-individual (with time) or inter-individual variations.

3.4. During the recovery phase

The rate of weight gain during recovery has been calculated in several different ways. All

estimates start from the day of minimum weight (last recorded if weight has been static). First,

by linear regression of each patient, daily weight changes over variable lengths of time into

recovery. Second, from the minimum weight to the maximum weight achieved and to the last

recorded weight within 21 days of rapid growth.

4. The different diets used

Before 1994 the only diet used for all phases of treatment was HEM.  In 1994, F100 was

progressively introduced into the feeding centres.  Its acceptability was monitored by field visits

to each centre, from the monthly reports and from discussion with the local staff.  By 1996 all

the centres were using F100 routinely.  F75 was first introduced at the end of 1996 when it

became commercially available. At first it was used only for particularly sick patients; those

with severe anaemia, anorexia sufficiently severe to require a naso-gastric tube, or +++ oedema.

F75 was progressively used systematically so that by 1999 all centres were using F75 routinely

on admission.
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4.1. In phase 1 or acute phase

F75 is the recommended diet by WHO (1999).  The advantage of this diet is its low osmolarity,

which is an important consideration for all severely malnourished children. It also has a low

renal-solute load.  Its lower protein content is important where there is hepatic dysfunction or an

imbalance in type II nutrients. This is because, in the face of a K, Mg or Zn, etc. deficit, or if the

liver is functioning poorly, amino-acids which are not “deposited” into body protein can

accumulate and be toxic just as in an inborn error of amino acid metabolism. It also has a low

sodium content. These patients all have a high intracellular sodium that is mobilised during

phase one when they get adequate energy: they are easily precipitated into heart-failure with

high sodium diets (Wharton et al., 1967).  However, the low sodium is a disadvantage when

children have primary diarrhoea. These children were given ReSoMal with F75.  The proportion

of fat-energy in F75 is less than the other diets because pancreatic atrophy is common on

admission.

4.2. In phase 2 or recovery phase

The F-100 was prepared in two ways. First, manufactured in sachets of 456g by Nutriset in

France and transported to the centre. These sachets were then reconstituted with 2 litres of water

and dispensed to the patients. Second, F100 was prepared in the centre from DSM, oil and sugar

with mineral & vitamin mix added.  The DSM, oil, sugar recipe was the same as that for HEM.

The F-100 reconstituted is made from HEM with the addition of a CMV solution prepared with

9 gr. of CMV diluted in 60 ml of water. HEM is made of 80 gr. of DSM, 50 gr. of Sugar and 60

gr. of oil diluted with 830 ml of water. Table 3.1 gives the milks that were used in the different

centres in phase 2.

Porridge was systematically added in phase 2 with the milk diet. The recipe was based on a pre

cooked blended food composed in general of a cereal (maize) and a legume (soya); sugar and oil

were added during the cooking.  The composition of the porridge was based on 10 to 12 % of

protein-energy density and 30 to 35 % of fat energy density using ACF Nutcalq software.

In some centres there was a phase 3 at the latter part of rapid weight gain.  This was

characterised by a family meal based on the same amount of protein and fat energy content that

the porridge. Composed of cereal and legumes, two family meals were addressed to the patient

before discharge before 1997. By then, the ration was restricted to one family meal was

proposed with no more than 350 to 400 kcal per meal. To fortify the meal, mineral and vitamin

mix solution (CMV) was added, according to the amount of energy by plate, directly on the spot.
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TABLE 3.1: MILK PRODUCTS BY CENTRE IN PHASE 2, ACF, 1993-98
Milk Products Countries Centres
HEM Chad Mao

Liberia Buchanan
North Sudan El Salam – Wad el Beshir
South Sudan Ashwa

F-100 R Burundi Maramvya – N’Gozi
Chad Andobac - Mao – Mondo
Guinea Macenta
Mali Gao
North Sudan El Salam – Wad el Beshir

F-100 Angola Ndalatando
Guinea Macenta
Liberia Buchanan
Rwanda Cyanika – Kibeho
Somalia Forlanini
Tanzania Kitali
Uganda Gulu – Kitgum – Lacor
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Chapter 2: Hypothesis and objectives

The aim is to compare the rate of weight gain with the different diets.

Hypothesis 1: The method of calculating weight gain determines the interpretation of the results,

specifically with more wasted children there is apparantly higher rate of weight gain when using

the conventional calculation.

Hypothesis 2: The children gained more weight with the new diets.

Hypothesis 3: The rates of weight gain decreases with age, the infants having the higher rate of

weight gain.

Hypothesis 4: There is a difference between the rates of weight gain in patients treated in the

different African regions, the Sahel having the highest rate of weight gain.
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Chapter 3: Methods and subjects

1. Data Collection

The data were collected, entered into the database, manipulated, cleaned and rates of weight

changes calculated as described in the general methods section (p35-37)

Weights were measured with a hanging scale (Salter) to 100 g.

2. Data analysis

Most statistical packages do a single linear regression for a series of x-y co-ordinates.  It would

have been impossible to do several regressions, covering different periods of time, for each of

the 11,287 patients in the database one at a time, without error.  For this reason, Professor

Golden wrote a special program ‘coorwg’ in RS1 language in order to calculate the rates of

weight gain by least-squared linear regression for each patient in the database sequentially, and

to put the derived results into a separate table. The program was written so that for each “run” a

different period of time could be examined.  The data obtained were: the number of weights for

the individual patient over the time period; the slope of the line, in grams/d; the derived

minimum weight at time 0 from the regression line; the regression co-efficient; the significance

of the regression.  The program also derived a rate of weight gain in g/kg/d where the weight

divisor was the minimum weight derived from the regression rather than the recorded minimum

weight.   For children between 49 and 130cm “ideal weight” was calculated from the height of

the individual using another program written in RS1, “anthro”; the ideal weight was the median

of the NCHS standards for children; for adults the “ideal weight” was that weight which gave a

BMI of 22. The rates of weight gain were then also expressed in g/kg/d where the weight divisor

was the ideal weight of the child.  The rates of weight gain were calculated over 5 (6 data

points), 10,15 and 20 days from minimum weight (day 0).

Because I defined the starting point as the minimum weight, by definition all subsequent weights

recorded were greater than this weight and thus all patients with subsequent weights will have a

calculated rate of weight gain.  A few children had few subsequent weights recorded; others had

very erratic weight changes, which were thought to be due to recording errors, reappearance of

oedema, over-zealous oral rehydration treatment or inter-current infection.  Therefore, in the

analysis, all the linear regressions that had fewer than 5 data points and all those that were not

significant were discarded.  In this way I eliminated those subjects with a) insufficient data to
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establish a rate of weight gain, b) those where the weight was not taken regularly and c) those,

whose weight changes were too erratic to establish a “significant” rate of weight gain.  For this

reason the numbers of patients reported with the different methods of assessing rates of weight

gain differ; in this way the number of patients eliminated with each method can be determined.

In the data reported only those patients who were discharged are considered.  There were

generally to few data points, after minimum weight, for the children who died or were

transferred, and the analysis of mortality indicated that the terminal weight gain over 2-3 days, in

many of the children who died was normally associated with acute fluid changes rather than

tissue growth.

• The rate of weight gain, beginning from the last day of minimum weight (Dmin2) to day 5

and day 15 by linear regression, and to the maximum weight and the last weight recorded

within 21 days of minimum weight.  Each of these is expressed per minimum weight and per

ideal weight.

• The rate of weight change, beginning from the day of maximum weight to the day of

discharge.

These results are analysed by centre, region, and globally. The population is divided into

children from 6 months up to 5 years, juveniles from 5 to 10 years, adolescents and adults.

Chapter 4. Analysis

After the minimum weight is reached and any period of static weight, there is a period

characterised by a good appetite, high intake of food and of rapid weight-gain so that the patient

“catches-up” towards normal. The factors, which influence this process, are considered in this

section.

2.1. Weight gain by centre

Table 3.4 gives the mean of the rate of weight gain for the different centres, calculated in

different ways for the children, and table 3.2 shows the rank of the centres in the rate of weight

gain obtained by each of the methods for the children.  The various method of calculating weight

gain do not give the same absolute results.  Of more importance, the rank of the different centres

in their rates if weight-gain changes according to the method used.  Therefore there is the

potential for the method of assessing and expressing weight gain to alter the conclusions that are

reached.  Therefore, before we examine the rates of weight gain in detail, it is necessary to
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consider how these differences could have arisen, in order for the data to be understood and

interpreted.

The usual way that rate of weight gain is calculated is to take the discharge or last weight (in this

thesis called “last”) and subtract the minimum weight to obtain the increment in weight over the

course of treatment. This increment is then divided by the time to give a rate of accumulation of

the increment. This is finally standardised by dividing by the minimum weight to give the results

in g/kg/d where kg it the minimum body weight.  This is how most investigators have expressed

their results and it is the way recommended for use by NGOs working in emergency (Sphere

project).

There are potential biases with this method of calculating weight gain.

First, the minimum weight is a single data point, chosen from many, which is by definition at the

extreme end of the distribution of all the weights taken for the patient. Therefore, the minimum

weight is more likely to be an error in measurement or recording than the other weights that are

taken.  Further, if a marasmic child had an episode of acute diarrhoea, for example, then this

might lead to a minimum weight being recorded when there is little subsequent tissue growth,

only re-hydration.

Second, the weight gain occurs over a subsequent period to the time of recording the reference

weight. It would be more logical to use the weight at the midpoint of the observations. However,

this is, itself, also unsatisfactory as different children gain for different lengths of time and

through different deficit ranges.  Consider two children who start at the same weight and gaining

at exactly the same constant rate each day. They would have different rates of weight-gain

calculated depending entirely upon the length of time of observation and hence the mid-point of

the observations.

Third, there are usually many weights taken during the course of the weight gain.  The data

contained in these sequential measurements could all be used to estimate the rate of weight gain

rather than to rely on single selected points.

Fourth, during recovery the rate of weight gain is not steady (no matter which reference weight

is used) but becomes less with time. This could be due to a hierarchy in the order of replacement

of different tissues (viscera, muscle, lean), to changes in the hydration of tissues with the tempo

of weight gain, to the patient progressively “running out” of a stored nutrient that is in

insufficient density in the recovery diet, because some biological imperative to gain weight to re-
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achieve normality becomes less strong as normality is approached, or for some other reason.

Nevertheless, this is a consistent observation, confirmed in this thesis.  This means that the

length of time over which an observation is made will determine the rate of weight gain

calculated (irrespective of the reference weight used).  It might also mean that the rate of weight

gain is biologically different depending upon the degree of deficit and the types of tissue that are

deficient.

Fifth, if minimum weight is used then there is necessarily a lower divisor in-patients with a

larger deficit. This means that when the minimum weight is used as the divisor there will

necessarily appear to be a higher rate of weight gain in children with a larger deficit whether or

not this is so in biological terms (see bias number 4). Any centre that discharges its patients

“early” or adopts a less stringent discharge criterion will then appear to have a “better” rate of

weight gain.

Sixth, towards the end of treatment the diet is normally changed in preparation for discharge to

include a family meal and the rate of weight gain decreases abruptly (this effect has not been

analysed in this thesis). Nevertheless, the last weight is often preceded by a period of weight

loss.

It was in order to deal with these potential biases, that I measured the rate of weight gain in

several ways.  Use of linear regression of the points and estimation of the minimum weight from

the slope of the regression overcomes the problem of the minimum weight being a single

erroneous measurement (bias 1) and uses much of the data (bias 3).  Bias 2 and 5 are obviated if

the divisor for all the children is the ideal weight, in this way the children are gaining weight

“towards” the divisor as a target, which is the same for all children, rather than “from” a deficit,

which is different for each patient.  The fourth bias was dealt with in the linear regression by

looking at fixed periods of time, for the standard methods of measuring weight gain the bias was

minimised by only considering the first 21 days of rapid weight gain.   The sixth bias is

addresses by examining the minimum to maximum weight and ignoring any subsequent weights.

In view of these considerations, the method that should give the most physiologically

meaningful rate of weight gain is the rate of weight gain by linear regression using the ideal

weight as the reference weight.  We then need to consider the most appropriate time period over

which to take the measurement, given that weight gain is not a linear function.  If we measure

the weight gain over the first 5 days, this will most closely equate to the “initial” rate of weight
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gain.  However, this period can be dominated by fluid changes, and does not necessarily

represent new tissue synthesis.  Thus, Patrick et al (1977) showed that totally body water rose

dramatically during the early phase of rapid weight gain; further, some children with

kwashiorkor had not fully lost their oedema by the date of minimum weight.  Nevertheless, these

calculations are presented and should be interpreted as being biased by changes in fluid and not

necessarily represent new tissue synthesis.

In view of the non-linear nature of the weight gain, I decided to adopt as the standard time for

assessment as 15 days. This is a judgement balancing the early fluid changes with the non-linear

nature of the curve, having sufficient data points in the regression and so that most children

would still be growing beyond the period of assessment and not reach their discharge criteria

before the assessment period is over.  The rate of weight gain to the last weight within 21 days

of growth, and to maximum weight, is presented so that the data can be compared with data in

the literature.

The other important use of the linear regression technique was to allow judgement about the

reliability of estimation of the weight gain. – Thus, where the data points were sufficiently

erratic or non-linear, the regression coefficient becomes non-significant, giving an a prior non-

biased basis for rejecting an estimate of the rate of weight gain.

However, using the ideal weight means that subjects of over 130 cm height and infants less

49cm length is not possible to express the data this way as they are no agreed standards for these

heights. Table 3.2 shows the ranks when only children of 6-59months are considered.

It is clear that the various methods of calculating the rate of weight gain give results that are not

only absolutely different in magnitude, but also there are qualitative differences which lead to a

change in rank of the various centres. Thus, the way in which the rate of weight gain is

calculated could determine the way the data are interpreted; one centre is “better” than another

by one method and “worse” by another.  The change in rank for linear regression at 5 and 15

days by minimum or ideal weight is shown in table 3.3. Some of the centres have a major

change in rank.  When the data for rate of weight gain are interpreted, we need to take the

theoretical considerations of the generation of the differences into consideration as well as the

stage of recuperation.
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TABLE 3.2: RANK OF RATE OF WEIGHT GAIN FOR CHILDREN 6-59 MONTHS (G/KG/DAY) BY LINEAR
REGRESSION ON DAY 5, 15 AND MAX AND LAST WEIGHT ON DAY 21, BY IDEAL WEIGHT AND BY MIN.
WEIGHT

Centre Ideal rk
Lnr d5

Ideal rk
Lnr d15

Ideal rk
Mx d21

Ideal rk
Lst d21

Min Rk
Lnr d5

Min Rk
Lnr d15

Min Rk
Max d21

Min Rk
Lst d21

Gao 7 1 2 1 5 1 1 1
Macenta 2 2 3 2 2 4 3 2
Mondo 5 3 10 7 6 2 8 5
Mao 1 4 6 4 1 3 4 3
Cyanika 12 5 1 3 13 5 2 4
Kibeho  1 11 6 4 5 11 6 5 7
Makeni 4 7 11 6 4 7 10 6
Kitali 15 8 12 10 16 15 18 13
Buchanan 19 9 15 11 18 8 15 10
Gulu 8 10 5 9 12 11 6 8
Lacor 16 11 7 8 17 17 9 12
N’Dalatando 14 12 14 14 14 14 17 16
El Salam 6 13 13 17 7 9 12 17
Kitgum 13 14 9 13 10 10 7 11
Andobac 3 15 18 15 3 12 16 14
Wadelbeshir 10 16 17 16 8 13 13 15
Forlanini 9 17 16 12 9 16 14 9
Maramvya 17 18 8 19 15 18 11 18
Ngozi 18 19 19 18 19 20 19 19
Ashwa 20 20 20 20 20 19 20 20

TABLE 3.3: DIFFERENCE IN RANK FOR 6-59MONTH CHILDREN, BY MIN & IDEAL WEIGHT FOR D15 LINEAR
REGRESSION. – D5 LINEAR REGRESSION OF RATE OF WEIGHT GAIN

Centres Rank’s difference by min weight D15
lnr reg. – D5 lnr reg. rate of weight gain

Rank’s difference by ideal weight D15
lnr reg. – D5 lnr reg. rate of weight gain

Gao -4 -6
Macenta 2 0
Mondo -4 -2
Mao 2 3
Cyanika -8 -7
Kibeho  1 -5 -5*
Makeni 3 3*
Kitali -1 -7
Buchanan -10 -10*
Gulu -1 2
Lacor 0 -5
N’Dalatando 0 -2
El Salam 2 7
Kitgum 0 1
Andobac 9 12
Wadelbeshir 5 6
Forlanini 7 7*
Maramvya 3 1
Ngozi 1 1*
Ashwa -1 0
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Table 3.4 shows the rate of weight gain for each centre for children from 6 to 59 months.
TABLE 3.4: RATE OF WEIGHT GAIN FOR CHILDREN 6-59 MONTHS (G/KG/DAY) BY LINEAR REGRESSION ON

DAY 5, 15 AND MAX AND LAST WEIGHT ON DAY 21, BY IDEAL WEIGHT AND BY MINIMUM WEIGHT

Centre Cor D5 RWG Cor D15 RWG Max D21 RWG Last D21 RWG
N1 G/kg±sd±sem N2 G/kg±sd±sem N3 G/kg±sd±sem N4 G/kg±sd±sem

N’Dalatando n 252    21.8±10.6±0.7 319 11.9±5.4±0.3 327  14.2±5.8± 327  10.8±4.7±0.3

                     I 253    15.6±6.9±0.4 319 8.4±3.7±0.2 327  10.1±4±0.2 327  7.7±3.1±0.2

Maramvya  n 124    19.7±12.4±1.1 150 10.3±5.2±0.4 166  15.3±10.8±0.8 166  9.7±5.4±0.4

                    I 123    14.1±8±0.7 149 7.5±3.7±0.3 165  11.2±8.3±0.6 165  7.1±4±0.3

Ngozi         n 118    18.4±9.6±0.9 189 10±4.3±0.3 198  12.3±7.2±0.5 198  9.7±3.5±0.3

                    I 118    13.5±6.2±0.6 189 7.4±3±0.2 198  9±4.4±0.3 198  7.2±2.5±0.2

Cyanika     n 304    23.2±11.4±0.7 436 14.4±5.8±0.3 453  18.8±9.2±0.4 453  14.9±6.5±0.3

                   I 304    16.7±7.6±0.4 436 10.4±4.1±0.2 453  13.7±6.3±0.3 453  10.8±4.8±0.2

Kibeho  1   n 372    23.5±11.6±0.6 429 13.7±7.3±0.4 460  17.8±9.8±0.5 460  14±7±0.3

                    I 372    16.7±7.8±0.4 429 9.7±5.2±0.3 460  12.7±7.3±0.3 460  10.0±5.1±0.2

Kitali          n 135    19.4±9.1±0.8 201 11.6±5±0.4 212  14.1±5.6±0.4 212  11.5±4.7±0.3

                    I 135    15±6.5±0.6 200 8.9±3.7±0.3 212  10.9±4.3±0.3 212  8.9±3.6±0.2

Gulu           n 103    23.4±11.5±1.1 126 12.1±5.7±0.5 142  16.8±9.9±0.8 142  12.2±8.9±0.7

                    I 103 17±8.2±0.8 126 8.7±3.9±0.3 142 12.2±6.9±0.6 142  8.9±6.3±0.5

Kitgum       n 214 23.6±13.1±0.9 264 12.1±5.8±0.4 293 16.3±11.1±0.7 293  11.6±5.3±0.3

                    I 214 15.9±8.3±0.6 264 8.2±3.8±0.2 293 11.1±7.4±0.4 293  8±3.5±0.2

Lacor         n 133 19.3±12±1 155 11.3±5.4±0.4 177 15.6±9.4±0.7 177  11.5±7.3±0.5

                  I 133 14.8±9.6±0.8 155 8.6±3.9±0.3 177 12.1±7.7±0.6 177  8.9±6±0.5

Macenta     n 269 27.8±14.6±0.9 366 15.6±7±0.4 381 18.4±7.9±0.4 381  15.7±6.9±0.4

                    I 266 19.2±9.5±0.6 362 10.9±4.4±0.2 377 12.8±5.1±0.3  377  10.9±4.4±0.2

Buchanan  n 289 18.6±7.5±0.4 330 12.6±5.5±0.3 345 14.4±7.6±0.4 345  11.9±5.2±0.3

                    I 289 12.9±5±0.3 330 8.8±3.7±0.2 345 10±5±0.3  345 8.4±3.6±0.2

Makeni       n 70 26.6±15±1.8 96 13.3±6.2±0.6 99 15.6±5.4±0.6 99  14.2±5.3±0.5

                    I 70 18.3±9.7±1.2 96 9.3±4.2±0.4  99 11±3.7±0.4  99  10±3.7±0.4

Andobac    n 53 27.4±10.9±1.5 64 12.1±4.9±0.6 69 14.3±5.8±0.6 69  11.5±4.4±0.5

                    I 53 18.4±7.2±1 64 8.1±3.3±0.4 69 9.6±3.8±0.5  69 7.7±2.9±0.3

Mao            n 507 31.9±14.9±0.7 594 16.2±7.3±0.3 615 18.4±7.8±0.3  615  15.6±6.2±0.3

                    I 507 21.2±9.6±0.4 594 10.7±4.5±0.2 615 12.2±4.9±0.2  615 10.4±3.9±0.2

Mondo       n 86 25.8±12.9±1.4 88 16±7.9±0.9 89 16.2±4.5±2.3  89  14.7±5.6±0.6

                   I 86   17.5±8.5±0.9 88 10.8±4.7±0.5 89 11±4±0.4  89  10±3.5±0.4

Gao            n 238 26.4±12.4±0.8 287 18.3±8.5±0.5 293 20.1±8.4±0.5  293  18.5±8.1±0.5

                   I 238 17.4±8.1±0.5 286 12.2±5.8±0.3 292 13.4±5.9±0.3  292 12.4±5.5±0.3

Forlanini    n 74 25±12.8±1.5 91 11.4±5.3±0.6 99 14.8±8.7±0.9  99  12±8.2±0.8

                    I 74 16.9±8±1 91 7.7±3.5±0.4 99 10±5.4±0.5  99 8±5.1±0.5

El Salam    n 406 25.6±13.6±0.7 474 12.2±6.3±0.3 523 15±7.7±0.3  523  10.7±5.6±0.3

                    I 405 17.4±9±0.4 473 8.3±4.2±0.2 522 10.3±5.3±0.2  522 7.3±3.7±0.2

Wadelbesh n 173 25.3±14.7±1.1 217 11.9±6.1±0.4 231 14.9±8±0.5  231  11.1±5.2±0.3

                    I 173 16.8±9.6±0.7 217 7.9±3.8±0.3  231 9.9±5.1±0.3  231 7.4±3.3±0.2

Ashwa        n 95 15.5±10.6±1.1 94 10.1±7.4±0.8  99 11.8±8.1±0.8  99  8.4±6.8±0.7

                  I 95 11±7.3±0.8 94 7.2±5±0.5 99 8.4±5.5±0.6  99 6±4.7±0.5
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2.2. Rate of weight gain & cumulative gain of weight by age group and by region

The rates of weight gain already presented for children demonstrate that we can obtain different

results using different methods. Consequently, we could reach different conclusions according to

the methods used.

Therefore we will examine the rates of weight gain for the different age groups using the

different methods. .

Table 3.5 shows the group with the highest weight gain calculated by different methods, the

infants being excluded.  In the Sahel, the children have the best rate of weight gain with all four

methods. For West and East Africa, the methods give different results.

TABLE 3.5: GROUP WITH THE HIGHEST RATE OF WEIGHT GAIN BY REGION USING IDEAL LNR MIN TO 15 &
MIN-LAST 21

REGION LNR MIN TO 5 IDEAL LNR MIN TO
15

MIN-MAX 21 IDEAL MIN-LAST 21

EAST ADOLESCENT JUVENILE ADOLESCENT JUVENILE
SAHEL CHILD CHILD CHILD CHILD
WEST ADULT CHILD ADULT CHILD

Comparison of the three regions using the 2 methods, one on linear regression from min to +15

days and the other one from min. to last weight for children and juveniles only is shown in table

3.6.

TABLE 3.6: RANK OF RATE OF WEIGHT GAIN BY REGION USING IDEAL LNR MIN TO 15 & MIN-LAST 21

Region Ideal Lnr min to

15 Rank Child

Min-Last 21

Rank Child

Ideal Lnr min to

15 Rank Juvenile

Min-Last 21

Rank Juvenile

East 3 3 1 1

Sahel 2 2 3 2

West 1 1 2 3

The ranks for the children do not differ using the two methods, but juveniles react differently.

The wasted juveniles in Sahel will automatically have a much lower rate of weight gain by

dividing by an ideal weight because they were particularly wasted. However this was not the

case for the other children.
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In table 3.7, the rates of weight gain of the different age groups by region are shown by

minimum weight. In general the infants gain weight at the most rapid rate. The children,

juveniles and adolescents have similar rates of weight gain, and they are nearly all over

10g/kg/d. Adults, in general, have a lower rate of weight gain, but it is everywhere greater than

that usually reported for children from other centres.

TABLE 3.7: RATES OF WEIGHT GAIN (G/KG/D) MIN WEIGHT, BY LINEAR REGRESSION FROM DAY MIN TO DAY
MIN+5 & MIN+15 & BY MIN-MAX WEIGHT AT DAY 21, BY REGION AND AGE GROUP, ON DISCHARGED
PATIENTS

Characteristics N1 Lr min to 5
 g/kg/d±sd±sem

N2 Lr min to 15
 g/kg/d±sd±sem

N Min-Max
 G/kg/d±sd±sem

Min-Last
g/kg/d±sd±sem

East (1)* (2)* (3)* (4)*
Infant 61   31.1±18.8±2.4 81 13.9±7.6±0.6   90  22.6±19.4±2  15±9.6±1
Child 1879 21.9±11.5±0.3 2408 12.5±6.0±0.1 2586 16.3±10.4±0.2 12.3±6.4±0.1
Juvenile 652 22.0±12.8±0.5 786 14.1±7.8±0.3  844 17.2±10.5±0.4 14.2±7.8±0.3
Adolescent 145 23.5±13±1 173 13.9±7.6±0.6  190 18.1±11.7±0.9 14±9.6±0.7
Adult 163 17.1±12.6±1.0 209 8.6±5.2±0.4  238 14±11.7±0.8 8.4±5.2±0.4
Sahel (5)* (6)* (7)* (8)*
Infant 86 30.4±18.1±2.0 101 15.3±8.0±0.8  117 20.5±10.2±0.9 14.9±7.7±0.7
Child 1636 27.0±14.2±0.4 1913 14.3±7.5±0.2 2022 16.6±8.2±0.2  13.5±7±0.2
Juvenile 80 22.9±16.1±1.8 84 12.1±6.3±0.7   92 13.6±7.4±0.8 11.2±6±0.6
Adolescent 15 14.3±8.3±2.1 18 9.9±5±1.2  18 12.2±5.3±1.2 9.4±4.4±1
Adult 9 14.1±16.0±5.3 10 8.2±4.3±1.4   10 8±3.8±1,2 7.5±3.9±1.2
West (9)* (10)* (11)* (12)*
Infant 63 29.9±10.5±1.3 82 16.1±6.4±0.7  87 21±8.1±0.9 16.9±7.3±0.8
Child 630 23.4±12.7±0.5 794 14.1±6.5±0.2  827 16.4±7.8±0.3 13.9±6.3±0.2
Juvenile 91 18.3±10.8±1.1 122 12.6±7.3±0.7 130 14.2±7.3±0.6 12.2±7.3±0.6
Adolescent 25 16.6±10.1±2.0 25 9.9±4.8±1  28 11±5.5±1.1 10.2±4.5±0.9
Adult  9 30.3±25.3±8.5 10 13.7±9±2.9  10 19.2±18.9±6 13.5±8.1±2.6

Note – all patients with non-significant regression equations were excluded from the analysis: this accounts for the
difference in numbers between the columns.
Anova test: infants excluded
(1) Anova, F=10.134, p<0.001  (5) Anova, F=5.513, p<0.001 (4) Anova, F=40.623, p<0.001  (8) Anova, F=6.050, p<0.001
(9) Anova, F=6.058, p<0.001    (10) Anova, F=4.143, p<0.005 (2) Anova, F=36.902, p<0.001  (6) Anova, F=5.226, p<0.001
(11) Anova, F=5.810, p<0.001  (12) Anova, F=4.345, p<0.005   (3) Anova, F=6.446, p<0.001    (7) Anova, F=7.151, p<0.001

Table 3.8 shows the rates of weight gain by oedema status for children and juveniles, in the three

regions. Using ideal weight, the differences between the oedematous and marasmic children are

small. And there are no differences for the juveniles. With the conventional analysis the

oedematous children gain less weight than the marasmic children.
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TABLE 3.8: RATES OF WEIGHT GAIN (G/KG/D) OF THE DISCHARGED PATIENTS BY IDEAL WEIGHT, FROM DAY
MIN TO DAY MIN-LAST WEIGHT AT DAY 21, BY REGION, AGE GROUP AND OEDEMA, 1993-1998

Region N1 Ideal
Lnr min to 15
g/kg/d±sd±sem

N2 Ideal
Lnr min to 15
G/kg/d±sd±sem

N1 Min-Last
g/kg/d±sd±sem

N2 Min-Last
G/kg/d±sd±sem

Child Juvenile Child Juvenile
 All 5108  9.6±4.5±0.1 988 10.4±5.6±0.2 5435 13.0±6.6±0.1 1066  13.7±7.7±0.2
East (1) (2) (3)* (4)*
No
oedema

 1327 9.2±4.3±0.1  279 11.3±5.5±0.3   1416 12.6±6.4±0.2  289 16.2±7.8±0.5

Oedema  1077 9.2±4.2±0.1  502 10.3±5.8±0.3   1167 11.9±6.3±0.2  553 13.1±7.7±0.3
All   2407 9.2±4.3±0.1  783 10.7±5.7±0.3   2586 12.3±6.4±0.1  844 14±7.9±0.3
Sahel (5)* (6) (7)* (8)*
No
oedema

 1509 10.0±4.9±0.1 59 9.3±4.6±0.6   1592 13.7±7.1±0.2 64 12.7±6.3±0.8

Oedema   366 9.6±5.0±0.3 23 6.9±3.1±0.6   391 13.0±6.8±0.3 27 7.7±4.1±0.8
All   1911 9.9±4.9±0.1 83 8.6±4.4±0.5   2022 13.5±7.0±0.2 92 11.2±6.1±0.6
West    (9) (10)    (11) (12)
No
oedema

 432 10.1±4.3±0.2 52 8.9±4.3±0.6  455 14.2±6.7±0.3 53 11.6±6.4±0.9

Oedema  358 9.9±4.3±0.2 70 10.1±6.3±0.8  371 13.6±5.8±0.3 77 12.5±7.9±0.9
All  790 10.0±4.3±0.2 122 9.6±5.5±0.5  827 13.9±6.3±0.2 130 12.1±7.3±0.6
Anova
test

  F=17.448
p<0.001

F=6.432 p<0.05 F=28.148
p<0.001

 F=9.530
p<0.001

Note – all patients with non-significant regression equations were excluded from the analysis: this accounts for the
difference in numbers between the columns.  (1)F=0.257, p=0.774   (3) F=4.717, p<0.05
(4) F=15.400, p<0.001  (5)F=3.313, p<0.05    (12) F=0.414, p=0.521 (9) F=0.446, p=0.505  (10) F=1.419, p=0.236
(6) F=2.651, p=0.077    (8) F=7.140, p<0.05    (2) F=2.818, p=0.06   (11) F=1.204, p=0.301  (7) F=4.107, p<0.05

2.3. Rate of weight gain and products

The comparison of weight gain by product is presented using linear regression over 15days,

ideal weight and by the conventional method of calculation of weight gain.  Overall the centres

that used HEM had a lower rate of weight gain than those who used F100 formula.  This was

reported consistently by the supervisors of the centres. They also reported that the behaviour of

the children was different on F100 – they smiled and became animated much more quickly;

however, I have no objective measurements to confirm this consistently reported impression.

Nevertheless, because of the variability between regions and centres (as also seen with

mortality) the centres where there was a change of product will be used principally to examine

the effect of diet on weight gain and some of the difficulties in interpretation explored.

Table 3.9 shows the effect of changing from F100 to HEM on the rate of weight gain in El

Salam.  When the patients were taking F100 they had a significantly greater rate of weight gain.

The increase was between one third and one half of the HEM rate of weight gain. Most were

wasted children, for that reason, the difference and the “F” value is lower by linear regression,

using ideal weight, than when the minimum weight is used as the denominator. The oedematous
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and wasted children gained weight at about the same rate. There were about 28 patients

eliminated due to the non-significant linearity test. The standard deviations are less when using

the ideal weight than the minimum weight as the divisor.
TABLE 3.9: EL SALAM RATE OF WEIGHT GAIN(G/KG/D) BY IDEAL WEIGHT LINEAR REGRESSION FROM DAY

MIN WEIGHT TO +15 DAYS & BY MIN WEIGHT FROM LAST WEIGHT +21 DAYS
Characteristic F100 R    g/kg/d  (n) HEM       g/kg/d  (n) F100 R    g/kg/d  (n) HEM   g/kg/d (n)

  Lnr reg 15d

  Ideal weight

  Lnr reg 15d

  Ideal weight

Rwg lst 21

Min weight

Rwg lst 21

Min weight

Wasted 9.6±4.5±0.3 (220)   6.9±3.6±0.3 (173)   12.9±5.7±0.4 (231) 8.2±4.8±0.3(199)

Oedematous 9.8±4.3±0.6 (51)   7.5±4.1±0.9 (21)   11.3±4.5±0.6 (57) 9.7±5.1±1 (26)

All 9.7±4.4±0.3 (271) 6.9±3.7±0.3(194) 12.6±5.6±0.3 (288) 8.4±4.8±0.3 (225)

Anova test F=24.6 p<0.001 F=40.3   p<0.001

Table 3.10 shows the difference in rate of weight gain with F100 or HEM in Wad El Beshir. The

rates of weight gain are similar to those seen in El Salam. The wasted children gained about

2g/kg/d more with F100 than HEM. However, the group of oedematous children on HEM

gained weight more quickly than those taking F100. In inspecting the reports and the patient

characteristics it does not appear that this group differed in any major way from other patients

considered in this thesis.  The HEM was used first when ACF took over the centre in El Beshir

from MSF. At that time the criterion for moving to phase II had been complete loss of oedema,

whereas the ACF protocol used when the F100 diet emphasised the return of appetite rather than

loss of oedema. It is possible that the lower rate of weight gain in the oedematous children

taking F100 was related to initial residual oedema, with oedema weight being replaced by tissue.

This would not only account for the disparity between the oedematous and marasmic children in

El Beshir, but also for the lower rate of weight gain observed for oedematous than marasmic

groups in the other centres.  I initially ascribed this observation to the technical problems of

using the minimum weight as the reference, which is lower in the marasmic children and thus

could lead to a higher apparent rate of weight gain in these children.  However, when the ideal

weight was used as the reference measurement the oedematous children still have, in other

centres, a lower rate of weight gain than the marasmic children, albeit the differential is smaller

(but as the variance is also reduced the difference remains significant). Thus, this observation in

Wad El Beshir supports the interpretation of residual oedema affecting the calculated rate of

weight gain and demonstrates that the degree of body hydration has to be taken into

consideration when interpreting differences in rates of weight gain.
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TABLE 3.10: WAD EL BESHIR RATE OF WEIGHT GAIN (G/KG/D) BY IDEAL WEIGHT LINEAR REGRESSION FROM
DAY MIN WEIGHT TO +15 DAYS & BY MIN WEIGHT FROM LAST WEIGHT +21 DAYS

Characteristic F100 R    g/kg/d  (n) HEM       g/kg/d  (n) F100 R    g/kg/d  (n) HEM   g/kg/d  (n)

   Lnr reg 15d

   Ideal weight

   Lnr reg 15d

   Ideal weight

Rwg lst 21

Min weight

Rwg lst 21

Min weight

Wasted 9.5±4.6±0.6 (57)    7.4±3.1±0.4 (78)   13.0±4.8±0.6 (61) 9.7±4.2±0.5 (83)

Oedematous 7.6±3.3±0.7 (25)    8.9±3.5±0.7 (23)   10.3±4.8±0.9 (26) 12.9±4.5±0.9 (24)

All 8.9±4.3±0.5 (82) 7.7±3.7±0.3 (134)* 12.2±4.9±0.5 (87) 10.5±5.3±0.5 (143)

Anova test F=2.892 p=0.057 F=3.695   p<0.05

*33 presence of oedema missing

Table 3.11 shows the rate of weight gain on the two diets in Buchanan. Both the wasted and

oedematous children gain weight about 2g/kg/d faster with F100 than with HEM. The

oedematous children gained weight less quickly than the wasted children. The difference was

about 2g/kg/d when using minimum weight and 1g/kg/d when using ideal weight as the

reference weight. As with the other centres the SD is lower when the ideal weight is used as the

reference weight.
TABLE 3.11: BUCHANAN RATE OF WEIGHT GAIN (G/KG/D) BY IDEAL WEIGHT LINEAR REGRESSION FROM DAY

MIN WEIGHT TO +15 DAYS & BY MIN WEIGHT FROM LAST WEIGHT +21 DAYS
Characteristic F100 R    g/kg/d  (n) HEM       g/kg/d  (n) F100 R    g/kg/d  (n) HEM   g/kg/d  (n)

    Lnr reg 15d

    Ideal weight

   Lnr reg 15d

   Ideal weight

Rwg lst 21

Min weight

Rwg lst 21

Min weight

Wasted 10.3±3.9±0.4 (89)    8.3±3.8±0.4 (91)  13.8±5.5±0.6 (93) 11.4±5.7±0.6 (106)

Oedematous 9.3±3.3±0.3 (92)    6.8±3.1±0.4 (51)  11.8±4.4±0.5 (96) 9.5±3.9±0.6 (51)

All 9.8±3.6±0.3 (181) 7.8±3.6±0.3 (150) 12.8±5.1±0.4 (189) 10.8±5.3±0.4 (157)

Anova test F=23.650   p<0.001 F=12.8   p<0.001

The rates of weight gain in Macenta are shown in table 3.12. Macenta was a well-run centre

attached to a local hospital in Guinea. The health teams were experienced (set in their ways) and

the overall rates of weight gain were among the highest observed. In Macenta, I compare F100

used as a pre-packaged ready-to-use preparation with locally formulated F100 made from the

raw materials with mineral and vitamin mix added.  The rate of weight gain was similar for

oedematous and marasmic children, lower using ideal weight and had a lower variance with

ideal weight as described previously. The rate of weight gain was significantly lower on the

F100R than with F100 pre-packaged. The composition of the two diets should be exactly the

same. However, the F100R made in the centre requires each ingredient to be carefully weighed

and formulated in the kitchen. There is always a danger of poor quality control and supervision.

The in-centre-made diet is more likely to be incorrectly formulated, and to become contaminated
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with bacteria. This is most likely to happen at night (half the treatment!) when there is a shortage

of staff and no supervisor. Small amounts of F100R cannot be reconstituted at ward level when

needed, for example, where there is an underestimation of the required amount ordered from the

kitchen and children on F100R are thus less likely to be truly fed to appetite. The convenience

and ensured quality control are major advantages with the pre-packaged F100.  Because all

HEM is made in the centre, this result raises the question of the degree to which the observed

differences between F100 and HEM are due to the differences in nutrient composition and the

degree to which they are due to the presentation and quality control.  The quality control of the

mineral/vitamin mix added to HEM, to constitute F100R, at kitchen level is a cause for concern.

If the instructions are not followed precisely and the formulation supervised there is the

possibility of an excess (toxic) amount of mineral/vitamin mix being added to make F100R.  If

there is insufficient training it may be much safer to use HEM than F100 and variation of

mortality and rate of weight gain could be due to poor training and quality control.

TABLE 3.12: MACENTA RATE OF WEIGHT GAIN (G/KG/D) BY IDEAL WEIGHT LINEAR REGRESSION FROM DAY
MIN WEIGHT TO +15 DAYS & BY MIN WEIGHT TO LAST WEIGHT +21 DAYS

Characteristic F100     g/kg/d  (n) F100R    g/kg/d  (n) F100     g/kg/d  (n) F100R g/kg/d  (n)

    Lnr reg 15d

    Ideal weight

  Lnr reg 15d

  Ideal weight

Rwg lst 21

Min weight

Rwg lst 21

Min weight

Wasted 12.3±4.1±0.5 (82)   10.2±4.4±0.4  (106) 17.2±6.4±0.7(84)  14.5±6.6±0.6(114)

Oedematous 12.3±4.6±0.5 (94)   10.0±4.3±0.5  (78) 17.6±6.3±0.6(95)  13.2±5.5±0.6(83)

All 12.3±4.4±0.3 (176)   10.1±4.4+/+0.3 (184) 17.4±6.3±0.5 (180)  13.9±6.2±0.4(197)

Anova test F=22.635  p<0.001 F=16.055  p<0.001

Table 3.13 & 3.14 shows the rates of weight gain on the three diets, HEM, F100R and F100 used

sequentially in Mao, Chad. Using ideal weight as the reference there were no significant

differences in the rate of weight gain (table 3.13).  With minimum weight as the reference there

was not a difference for marasmic children, however, with oedematous children HEM was

marginally better. Again this appears to be related to the hydration of the tissues and the speed

with which the latter children were moved from Phase I to Phase II. These relationships are

explored further in figures 3.1 for marasmic children and 3.2 & 3.3 for oedematous and non-

oedematous children. The rate of weight gain by linear regression over various time periods,

using both ideal and minimum weight as the reference declines with the length of time

considered. Over all periods the rate of weight gain with the three diets is similar with both

methods of calculation for the marasmic children.
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TABLE 3.13: MAO RATE OF WEIGHT GAIN (G/KG/D) BY LINEAR REGRESSION BY IDEAL WEIGHT FROM DAY
MIN WEIGHT TO +15 DAYS LAST WEIGHT

Characteristic F100     g/kg/d  (n) F100R    g/kg/d  (n) HEM    g/kg/d  (n)

    Lnr reg 15d

    Ideal weight

  Lnr reg 15d

  Ideal weight

        Lnr reg 15d

      Ideal weight

Wasted 11.2±4.2±0.4 (102)   11.2±4.1±0.3(270) 11.7±5.5±0.5 (110)

Oedematous 9.6±5.2±1.4 (13)   10±4.6±0.6(70) 11.5±6.1±1.2 (28)

All 11.1±4.3±0.4(115)   10.9±4.2±0.2(341) 11.7±5.5±0.5 (138)

Anova test F=1.3   p=0.272

TABLE 3.14: MAO RATE OF WEIGHT GAIN (G/KG/D) BY MIN WEIGHT FROM MIN WEIGHT TO +21 DAYS LAST
WEIGHT

Characteristic F100     g/kg/d  (n) F100R    g/kg/d  (n) HEM    g/kg/d  (n)

Rwg lst 21

Min weight

Rwg lst 21

Min weight

Rwg lst 21

Min weight

Wasted 15.8±5.2±0.5(107)   15.5±5.4±0.3 (279) 16.8±7.3±0.7 (113)

Oedematous 12.9±7.1±2 (13)   13.6±6.1±0.7 (73) 17.3±9.7±1.8 (29)

All 15.5±5.5±0.5 (120)   15.1±5.6±0.3 (353) 16.9±7.8±0.7 (142)

Anova test F=4.194  p<0.05

Figure 3.1: Mao marasmic discharged children & rate of weight gain by linear regression by
min weight & ideal weight for the different products (p<0.05)

Figures 3.2 & 3.3 show that the children with HEM and oedema behave like those without

oedema using both references. However, examination of the monthly reports (June 1996), shows
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that not only did the patients loose oedema but they also received ORS diluted in one litre during

phase 2 to obviate any problems with “re-feeding oedema”. This practice was stopped by the

time the patients with F100 were studied. A high sodium intake at this time could have been an

indirect cause of this exceptional rate of weight gain for the kwashiorkor. The other interesting

observation is the rate of HEM at day 20 is better than for F100 and F100R, the difference being

significant with the rate of weight gain by linear regression divided by min weight (F=4.163,

p<0.05). But this is not the case for the rate of weight gain by ideal weight (F=1.313, p=0.270).

Figure 3.2: Mao Comparison of the rate of weight gain by linear regression and min weight
of discharged children using different products (p<0.05)

FIGURE3.4.16 : MAO COMPARISON OF THE RATE OF WEIGHT GAIN OF DISCHARGED CHILDREN BY LINEAR
REGRESSION BY IDEAL WEIGHT USING DIFFERENT PRODUCTS, MAO.(P<0.05)

These data re-emphasise the importance of calculating rates of weight gain only after all oedema

has been definitely lost and control of the sodium intake during the early phases of rapid growth.

However, as, at the start of rapid weight gain, there is normally an increase in the hydration of

the tissue. When rapid weight gain occurs, before the resolution of oedema, there may be no

period, when the previously oedematous child has the hydration of a non-oedematous

malnourished child before rapid weight gain. I see no solution to this problem of examining the

initial rates of weight gain in the oedematous patient where the treatment moves the child to the

rapid growth phase when the appetite improves rather than at the resolution of oedema. It would

not be efficient or ethical to delay the progress of the children in order to get these data.

Nevertheless, the present data shows that the rate of weight gain of oedematous children will

often be less than marasmic children, purely on the basis of different non-oedematous tissue

hydration during evaluation.
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Figure 3.3: Mao Comparison of the rate of weight gain by linear regression and ideal weight
of discharged children using different products (p<0.05)

I conclude that there are probably differences in the rates of weight gain with the different

products, but that these differences are often less than the inherent differences between centres

and can be easily obscured or emphasised when rates of weight gain are calculated in the

conventional way. It will require a controlled trial of the different diets in the same centre at the

same time to document the differences without equivocation.

2.4. Cumulative weight gain (g/kg)

As the cumulative rate of weight gain is a new way of presenting weight-gain data I first present

the general curve of the cumulated weight gain g per kg by centre, in the three different regions,

for wasted and oedematous children and then for all the children. Commencing on the day of the

minimum weight, weight increments were calculated each day, divided by the minimum weight

and expressed as the increments over unity in grams. The Y-axis shows the number of grams

that each kilo of child has gained by the time shown on the X-axis. If the Y-axis is divided by 10

then the scale becomes percent of body weight gained.

Figure 3.4 shows the cumulative weight gain of the children from the centres of the Sahel. The

centres seem to fall into three distinct groups – Mao, Gao and Mondo at the top, Ashwa at the

bottom, and the others in the middle. Mao has a better cumulative weight gain than Gao

cumulative weight gain This is different from the data reported in table 3.16 for linear regression
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over 15 days or for the rate of weight gain by conventional calculation. However when we look

at table the rate of weight gain at day 5 agrees with the cumulative weight gain.  After one week

the children in Mao gained 17% of their body weight and by 14 days 24% of their body weight.

Children in Andobac, El Salam, Forlanini and Wad el Beshir gained 12.5% of their body weight

in the first week and 18% of their body weight by fourteen days. Ashwa centre had the lowest

rate of weight gain.

Figure 3.4: Cumulative weight gain (g/kg) by centre for the children of the Sahel region

Figure 3.5 shows the cumulative weight gain for the centres in the East Region. After one week

the children in Cyanika gained 12.5% of their body weight and 21% in 14 days. Children of the

other centres (Kibeho, Kitgum, Kitali, Maramvya, Ndalatando, and Ngozi) gained weight

slightly more slowly at 10-12% in the first week and 15-18% of their body weight after 14 days.

Lacor shows a marked reduction in rate of cumulative weight gain after day 14 from the day of

the min weight.
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   Figure 3.5: Cumulative weight gain (g/kg) by centre for the children of East region, 1993-98

Figure 3.6 shows the cumulative weight gain of the West Region. After one week the children

from Macenta were gained 15%, and by 14 days 19%, of their body weight. The corresponding

figures for Makeni are 14% and 24%, and for cumulative weight gain10% and 18%.  The curve

for Buchanan is unlike the others in that it is almost linear and there is not an initial sudden gain

in weight. This pattern of a low initial weight gain (fluid retention) over the first two or three

days is associated with a low mortality rate. It is perhaps the shape of curve that should be

sought; after the first two days; the lines for Buchanan and Makeni are almost parallel so that the

same amount of weight is gained in Buchanan in 20 days as in Makeni in 18 days. If such a

delay in initiation of weight gain associated with a decreased mortality then a delay of two days

on average is a small price to pay. This is what we anticipate will occur with a transition phase

interpolated between phase one and two.

In all the centres, the rate of weight-gain is not steady, rather it declines continuously as the

patients recovers (Golden, 1997). The best fit for the cumulative weight gain is a power equation

(an exponential equation does not give as good a fit). The best equation for the line is therefore

in the form y=a*day^b. From these equations, the average gain of weight at any time and

the length of time to attain any particular gain in weight can be calculated.
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Figure 3.6: Cumulative weight gain (g/kg) by centre for the children of West region, 1993-98

Cumulative weight gain of kwashiorkor and marasmus children

Table 3.15 shows the equation, for the curves for all the children and for marasmus and

oedematous children from each of the centres.  The very high R2 values demonstrate the extent

these equations accurately describe the curves.  “a” is related to the  weight gain in g in the first

day and “b” is the rate at which the gain of weight declines with time to change the shape of the

curve.  The most linear curves have a larger “b” and the most curved lines have the smallest “b”.

There is an inverse relationship between “a” and “b” (figure 3.7), so that a group of

malnourished children that starts to gain weight particularly rapidly has a more rapid decline in

weight gain with time (points to the left of the graph), and a group that starts more slowly has a

more linear rate of weight gain (higher exponent and lower “a”).
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TABLE 3.15: EQUATION OF THE CUMULATIVE WEIGHT GAIN CURVE OF THE 20 CENTRES
Centres Series N r2 a b
N’Dalatando All 20 0.998 36.6±0.7 0.59±0.01

Wasted 20 0.997 37.9±1.0 0.56±0.01
Oedematous 20 0.999 33.9±0.6 0.66±0.01

Maramvya All 20 0.996 35.9±1.0 0.52±0.01
Wasted 20 0.986 53,3±2.1 0.43±0.05
Oedematous 20 0.995 30.0±0.9 0.55±0.01

Ngozi All 20 0.996 23.4±±0.9 0.71±0.02
Wasted 20 0.996 31.7±10.3 0.61±0.01
Oedematous 20 0.994 20.9±1.0 0.75±0.02

Cyanika All 20 0.999 33.9±0.6 0.70±0.01
Wasted 20 0.999 38.1±0.8 0.65±0.01
Oedematous 20 0.998 23.4±0.7 0.8±0.01

Kibeho  1 All 20 0.997 38.6±1.0 0.59±0.01
Wasted 20 0.997 40.3±1.0 0.57±0.08
Oedematous 20 0.988 32.4±2.0 0.67±0.02

Kitali All 20 0.998 28.3±0.6 0.66±0.01
Wasted 20 0.991 37.5±1.7 0.59±0.02
Oedematous 20 0.995 25.2±1.0 0.69±0.2

Gulu All 20 0.999 35.7±0.8 0.61±0.01
Wasted 20 0.980 39.4±2.6 0.58±0.03
Oedematous 20 0.994 37.8±1.3 0.57±0.01

Kitgum All 20 0.998 37.9±0.7 0.59±0.01
Wasted 20 0.998 42.9±0.8 0.57±0.01
Oedematous 20 0.992 31.2±1.4 0.62±0.02

Lacor All 20 0.999 29.4±0.4 0.64±0.01
Wasted 20 0.997 25.3±0.8 0.72±0.01
Oedematous 20 0.999 30.5±0.4 0.62±0.01

Macenta All 20 0.997 40.6±1.2 0.65±0.11
Wasted 20 0.996 45.5±1.5 0.61±0.01
Oedematous 20 0.998 35.0±1.0 0.70±0.01

Buchanan All 20 0.999 25.3±0.4 0.74±0.01
Wasted 20 0.998 30.3±0.8 0.69±0.01
Oedematous 20 0.999 19.0±0.5 0.81±0.08

Makeni All 20 0.998 39.2±0.8 0.63±0.01
Wasted 20 0.997 48.1±1.2 0.57±0.01
Oedematous 20 0.991 29.8±1.6 0.70±0.02

Andobac All 18 0.996 44.6±1.1 0.53±0.01
Wasted 18 0.995 47.6±1.4 0.52±0.01
Oedematous 18 0.847 15.2±4.3 0.81±0.11

Mao All 20 0.995 55.6±1.7 0.56±0.01
Wasted 20 0.994 59.2±2.1 0.55±0.01
Oedematous 20 0.999 40.4±0.8 0.62±0.01

Mondo All 20 0.994 43.3±1.8 0.64±0.02
Wasted 20 0.992 43.7±2.1 0.64±0.02
Oedematous 20 0.989 43.4±2.3 0.59±0.02

Gao All 20 0.999 44.2±2.4 0.60±0.02
Wasted 20 0.987 46.5±2.6 0.59±0.02
Oedematous 20 0.987 32.7±2.2 0.71±0.03

Forlanini All 20 0.995 37.8±1.3 0.59±0.01
Wasted 20 0.994 43.5±1.4 0.56±0.01
Oedematous 20 0.988 29.6±1.7 0.65±0.02

El Salam All 20 0.994 46.8±1.4 0.51±0.01
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Wasted 20 0.991 49.1±1.7 0.49±0.01
Oedematous 20 0.997 34.5±0.9 0.61±0.01

Wadelbesh All 20 0.998 41.05±0.8 0.57±0.01
Wasted 20 0.996 42.3±1.2 0.56±0.01
Oedematous 20 0.980 37.9±2.5 0.59±0.03

Ashwa All 20 0.992 26.8±1.0 0.60±0.02
Wasted 20 0.992 27.2±1.2 0.60±0.02
Oedematous 20 0.964 23.0±2.5 0.62±0.04

Figure 3.7 shows that the exponents are higher and the initial rate of weight gain are lower with

the oedematous children (blue) than for the marasmic children (red). However there is not a

significant difference in the slope of the relationship between “a” and “b” of the two groups of

children. In general, those centres “above” the regression line with both an initial rate of weight

gain and an exponent that is higher than average will have a higher overall rate of weight gain

than those centres below the line. However, to attain a given weight in a given number of days

there is a complex relationship between the multiplier “a” and the exponent “b”.

Figure 3.7: Relation of the exponent and “a” for oedematous (blue) and marasmus (red)
children

Figure 3.8 shows the values of “a” and “b” that would gives rates of weight gain over a 20 day

period of 200, 250 and 300g. Over this time period, the groups with the higher initial weight

gain and lower exponent gained more weight.
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Figure 3.8: Value ‘a’ and ‘b’ according to the rate of weight gain over a 20 day period of
200g, 250g & 300g, for oedematous and marasmic children

Figure 3.9 shows the calculated cumulative weight gain curves computed from different ‘b’ and

‘a’ values that result in a rate of weight gain of 250g in 20 days.  It is clear that a combination

that gives the same rate of weight gain in 20 days give very different weight gains at 10 and 30

days. The relationship is thus highly dependent, on the length of time over which the weight gain

is examined.

0 .4

0 .5

0 .6

0 .7

0 .8

2 0 2 5 3 0 3 5 4 0 4 5 5 0 5 5 6 0

A

ex
po

ne
nt

 "
b"

oedematous

Maras mic

250g:20d

200g:20d

300g:20d



151

151

Figure 3.9: Calculated cumulative weight gain curves computed from different ‘b’ and ‘a’
values for a rate of weight gain of 250g in 20 days

Thus, figure 3.10 shows the values of “a” and “b” necessary to gain weight at 10, 12.5 and

15g/kg/d when this is judged over 10, 15 and 20 days. For each of these lengths of time and

weight gains a family of curves could be derived such as that shown in figure 3.9 so that an

individual group of children or an individual child could recover to a given weight in several

ways.  These data also demonstrate the difficulty with comparison of rates of weight gain

expressed in linear terms (g/kg/d) between centres where the time period of observation is quite

different.

The other major variable that will determine the way in which weight is gained is the initial body

composition; this in turn is related to the amount of each type of tissue that needs to be newly

synthesised to return the body to normal.  The shape of a curve shows how tissue deposition

during recovery changes. In the first few days, the patient retains water (Patrick, 1977) and then

in early recovery, the patients synthethize mainly lean tissues, whereas, as recovery progresses, a

higher proportion of fat tissue is laid down until, in late recovery, only adipose tissue may be

synthesised; so as recovery progresses, there is less weight gained for each unit of energy

ingested. This change in the ‘efficiency of growth’ with the type of tissue being synthesised,

may account for the shape of the curve of cumulative weight gain. We might anticipate that there

would be a difference between kwashiorkor and marasmus in the shape of the curve. The ‘a’ of

the kwashiorkor children is lower than that of the marasmic children, whereas the ‘b’ is higher.

The overall equations are:

Oedematous patients wt gain = 30.3±1.6 day(0.67±0.02)

Wasted patients wt gain = 41.1±1.9 day(0.58±0.01)
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This implies that there is a lesser initial retention of water in the previously oedematous children,

as would be expected, and as was advanced as an explanation for the differences in response to

the diet for the kwashiorkor and marasmic children. The higher “b” for the oedematous children

may also be related to their initially lower deficit in body fat. Thus, these data are thus

quantitatively as anticipated.

Figure 3.10: Values of “a” and “b” necessary to gain weight at 10, 12.5 and 15g/kg/d for over
10, 15 and 20 days

Figure 3.11 and 3.12 show two examples of the cumulative weight gain for marasmus and

kwashiorkor in West Africa and the Sahel.

The Macenta equations are:

For all: y=(40.6±1.2)*day (0.65±0.11)

For marasmus: y = (45.5±1.5)*day(0.61±0.01)

For kwashiorkor: y = (35.0±1.0)*day(0.70±0.01)

The oedematous children in Macenta (figure 3.11) have almost on the same curve as the wasted

children.

In Mao (figure 3.12), the wasted patients had a better-cumulated weight gain than the

oedematous patients.

Mao equations are:
For all: y=(55.6±1.7) *day(0.56±0.01)

For marasmus: y = (59.2±1.5)*day (0.55±0.01)

For kwashiorkor: y = (40.4±0.8)*day (0.62±0.01)
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Examination of the cumulative weight gain curves allows us to visualise and to easily calculate

the rate of weight gain at any point in time after minimum weight. The value on the Y-axis (in

g/kg) is divided by the value on the x-axis to give g/kg/d.

Figure 3.11: Cumulative weight gain (g/ kg) of the discharged children by presence or
absence of oedema, Macenta, 1996-98

FIGURE: 3.5.9.  CUMULATIVE WEIGHT GAIN (G/KG) OF THE DISCHARGED CHILDREN BY PRESENCE OF
OEDEMA, MAO, 1996-8

Figure 3.12: Cumulative weight gain (g/ kg) of the discharged children by presence or
absence of oedema, Mao, 1996-98
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Cumulative weight gain by age group

Buchanan and Maramvya are the two centres where all the age groups were represented in

sufficient numbers to compare weight gain by age group. The cumulative weight gains are

shown in figure 3.13, Maramvya had the high number of adults, compare to all the other centres.

The cumulative weight gains in the age groups have a different pattern in the two centres. . In

Buchanan the order of increasing rate of weight gain is: Adolescent; Juvenile; Child; Adult;

whereas, in Maramvya the order is exactly the opposite: Adult: Child: Juvenile: Adolescent.

The weight gain varied from a gain of weight of 8% body weight to 16% on the first week, and

from 11% to 23% of the body weight in the second week. These data demonstrate that there is

no inherent or fixed order in which patients gain weight and that high rates of weight gain can be

achieved in older patients if they are treated as children. Most of the patients, particularly the

adults, in Maramvya were oedematous which could account for there lower computed

cumulative weight gain. However, the differences are more likely to be related to the reluctance

of adults and older children to take liquid (milk based) diets as their only form of food: they

normally demand, and are given, solid “family food” similar to the food with which they are

familiar – this is probably the main reason for the relatively low rates of weight gain commonly

seen in adults.

Figure 3.13: Cumulative weight gain (g/kg) of the discharged patients by age group in two
centres, Buchanan and Maramvya, 1993-98
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Figure 3.14 shows the cumulative weight gain for the different diets used in two centres,

Macenta and El Salam. Patients in the centre were gaining weight more rapidly with F100 than

F100R and more rapidly with F100R than HEM.  The curve for HEM in El Salam shows that the

patients’ initial rate of weight gain was comparable to the other diets, but after the first week

there was a sudden decline.

Figure 3.14: Cumulative weight gain (g/kg) of the discharged patients by product in the
centres of El Salam and Macenta, 1996-98
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Part 4

Relation between mortality and weight gain
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1. Introduction

This objective of this part is to identify if mortality and weight change are related to each other

by centre.  Clearly, centres that follow the protocols may get better results for both outcomes of

treatment than those may that deviate from recommended treatment. There may also be a

survivor-cohort effect so that a high mortality effectively removes those that have associated

conditions that will retard weight gain, leaving the surviving children more responsive to

treatment. Third, systematic over or under-feeding, or other aspects of management may have

different effects upon weight changes and mortality risk. There may also be systematic

differences in the response of children in different regions. Lastly, aspects of the management

that are designed to promote one beneficial outcome, for example weight gain, may have an

undetected deleterious effect upon the other outcome (mortality).

Hypothesis 1: There is a relation between mortality and weight gain for both oedematous and for

wasted children.

Hypothesis 2: There is a relation between mortality and the cumulative weight gain for both

wasted and for oedematous children.

2. Methods and subjects

The methods for generating the data have been described in “General methods”

- For mortality, the program ‘TFC_pru’ was used to calculate the excess deaths, by centre, for

the oedematous, non-oedematous and all the patients.

- For the rate of weight gain both the linear regression from the day of the minimum weight to

day 15, with ideal weight as the reference and the rate of weight gain from minimum to last

weight, with the minimum weight as reference are used.

- Only discharged children will be considered. This is because the children who die frequently

do not have a minimum weight and most have not gained weight for sufficiently long to

determine a rate of weight gain. The antecedent weight changes in most of the children who

die are thus impossible to interpret. Thus, the deaths and the weight changes are determined

upon entirely different children, without overlap, within each centre.  It is assumed that the
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dead children would, on average, have followed the weight pattern of the surviving children

if they had not died. The degree of error in this assumption cannot be assessed.

- For the cumulative weight gain, the equation parameters “a” and “b” are examined in

relation to the excess death.

3. Results and Discussion

3.2. Rate of weight gain and mortality

3.2.a. Rate of weight gain

Wasted children

There is no relationship between rate of weight gain by ideal weight or by minimum weight and

excess risk of death by centre for wasted children.

Oedematous children

There was no relationship between excess death and rate of weight gain by ideal weight and by

minimum weight by centre for oedematous children.

3.3. Cumulative weight gain and mortality

As there is no relationship between the rates of weight gain calculated by conventional means or

by linear regression of each individual patient, it might be assumed that there would be no

relationship with the cumulative weight gain. However, one of the advantages of the cumulative

weight gain is that it gives a description of the shape of the weight gain curve. In the section on

cumulative weight gain I developed the hypothesis that high initial rates of weight gain with

subsequent rapid “falling off” of the rate of weight gain was related to initial fluid retention.

Furthermore, in the section on mortality I showed that a weight gain frequently occurred just

prior to death. Therefore, as both are related to excess fluid retention there might be a

relationship between the shape of the weight-gain curve by centre and the mortality rate.

I could find no relationship the “a” or the “b” parameters and the excess mortality rate for

wasted children ( R2 [b] = 0.0001   R2 [a] =0.01).

Neither was there a relationship, for the oedematous children overall, between excess mortality

and cumulative rate of weight gain (R2 square [b] = 0.04  R2 [a] =0.0002).

However, inspection of the graph showed that there appeared to be two distinct populations of
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centres one for the Sahel and the other for sub-Saharan Africa. Therefore the analysis was

repeated by region.

3.3.a. West and East Africa:

 There is a significant correlation between excess death of oedematous children and both the

multiplier “a” (figure 4.1) and exponent “b” (figure 4.2) of the cumulative weight gain curve of

surviving oedematous children in West and East Africa.

R2 [a] = 0.25, r = 0.5 p< 0.05

R2 [b] = 0.53, r =0.73 p<0.01.

The equation for the exponent is: Excess death (%) = -61.2b +49.6

The exponent “b” gives a much stronger predictive value than the multiplier “a”

Both parameters were then entered into a multiple regression equation. As follows:

For a and b, R square (ab)=0.528 r=0.727 Anova test F=5.034 p<0.05

After entering the exponent “b”, the residual variance was not significantly reduced with the

addition of the “a” parameter.

This relationship means that as the growth curve becomes more curvilinear (with “b” decreasing

and “a” increasing) there is an increase in the mortality rate.  In other words the faster that the

children gain weight initially, which is probably related to water retention at than time, and the

more that this then “falls-off” with time, the higher the mortality rate. The previous section

examining the rate of weight gain itself shows that the mortality rate is not related to the absolute

weight gain over the first 15 days from minimum weight or to the last recorded weight.

However, this section shows that there is a relationship between the pattern of weight gain in

surviving children oedematous and the mortality rate. This is probably related to systematic

variations in either the speed with which the diet is increased, the administration of ReSoMal

during early rapid growth, or to inherent differences in the children, in the different centres. This

analysis based upon the general pattern of weight gain in surviving children, thus augments and

confirms the analysis of pre-morbid weight changes in the children who died given in section 1.

However, great care must be taken in interpretation of these data because the analysis is highly

selective (oedematous children in West and East Africa only) and there is no suggestion or trend

for such a relationship to exist elsewhere (Sahel) or with non-oedematous children, which might

have be expected.  These data will therefore need to be prospectively confirmed; they could be a

statistical artefact arising from biased selection of the sample.
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Figure 4.1: Relation between excess deaths and the multiplier “a” (from cwg equation) for the
oedematous children in centres of East and West Africa

Figure 4.2: Relation between excess deaths and exponent “b” (from cwg equation) for the
oedematous children from centres of East and West Africa
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3.3.b. Sahel

If now we consider the oedematous children in the Sahel, there is a significant correlation

between excess death and “a” (figure 4.3) and “b”(figure 4.4) of the cumulative weight gain

equations.

R2 square [b] = 0.75  R[b]=0.86    p<0.01

The equation is: Excess death = +38.65*b–25.06

For a and b, R2 [ab] = 0.766 R(ab)=0.87 p<0.05

The following equation is: Excess death = +33.65*b-0.05*a -20.1

Again the nature of the relationship is not strengthened when “a” is added to the equation after

“b”.

However, inspection of the figures (4.3 and 4.4) show that the relationship in the Sahel is almost

entirely dependent upon one centre (Andobac) which has undue influence. If this centre is

omitted from the analysis then the relationship is no longer significant.  It is unclear why

Andobac should behave in this way.  I can advance no cogent biological explanation for why a

slower, more linear rate of weight gain should be associated with a higher mortality for

oedematous children in the Sahel. However, it should be noted that these children are clinically

different in that they have a good skin, and because of the nature of the atmosphere in the Sahara

(very hot with a low humidity) they have a very high rate of water turnover (33% per day –

Jacqueline Burt, MSc Thesis University of Aberdeen 1999), and tend to get hypernatraemic

(personal communication – M Golden). These considerations do not obtain in East and West

Africa.
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Figure 4.3: Relation between excess deaths and a (cwg equation) for the oedematous children
of Sahel, 1993-98

Figure 4.4: Relation between excess deaths and b (cwg equation) for the oedematous children
of Sahel, 1993-98
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Part 5

Discussion
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1. Hypothesis and Objectives

The traditional treatment for severely malnourished children in hospital has not changed over

forty years reaching a mortality rate ranging from 20 to 40% (Schofield and Ashworth, 1996).

Professor Golden wrote the draft of the new WHO guidelines in 1992 and disseminated that

draft to the emergency NGOs. This thesis is based upon implementation of the provisions of that

draft manual and its adaptation for use in an emergency context where very large numbers of

patients have to be treated under less-than-ideal conditions by relatively few staff.  The results

presented in this thesis represent what can be achieved “in service”. Very frequently, innovations

are introduced in a research setting and carefully monitored with enthusiasm and additional

resources, only to find that the results obtained deteriorate markedly when the same protocols

are introduced in a service-setting without additional research resources. Nevertheless recently,

Ahmed et al (1999) developed a standard protocol based entirely on the WHO protocol and

studied its effect on 627 patients. The results of his study showed a 47% reduction in mortality.

Thirty children (9%) died in the protocol group compare to 49 (17%) in the traditional treatment

group. The author emphasised the importance of using a standardised approach for the

management of malnourished children. For this thesis I collected 11,287 case records

representative of the practical experiences of the new management of several hundred thousand

severely malnourished patients in Africa, not only in hospital setting but also in a humanitarian

context, within different facilities.

The follow-up of the present analysis aims to provide updated instruments and tools, manual and

training material, which should allow the dissemination and monitoring of the treatment of the

severely malnourished in poor settings with very simple protocols. The experience of the late

publication of the WHO manual (1999), finally published 7 years after the first draft, should not

be reproduced again; this delay has been at the expense of thousand of children’s lives.

The lessons learned about the implementation of the “protocol” through nurses formally trained

at HQ level should be disseminated to the different NGOs involved and to governments, to show

the possibilities of saving life at low cost.

2. Sample size

Comparison of the number of patients included in this study with other sample sizes in the

literature, this sample size and the number of different centres that have been included is quite
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exceptional. The total number of children treated in TMRU, Jamaica over 18 years (from which

much of the data that formed the basis of the new manual was derived), was 2413 and for the

last 10 years, 411. A rapid overview on 12 publications regarding the management of severe

malnutrition showed a median sample of less than 100 patients ranging from 25 to 5000 cases.

This sample size is also quite unique for its heterogeneity, with 13 countries of 3 African

regions, the Sahel, East and West Africa, different kinds of care facilities, in emergency and

non-emergency situations and with all age groups. The facilities were designed according to the

needs and logistic constraints of the environment, and insecurity, and not for research purposes.

The main advantages of such a large database is to evaluate the main causes of death and then to

enable prioritisation of activities, which will contribute to improve the management of the

severely malnourished patients.

3. Quality of data

The quality of retrospective data collected in-service through NGOs are often criticised. The

problems with such data were minimised in the present report in several ways. First, all the data

were collected on a single standard proforma (“The Fiche”), which acted both as a management

tool and also as way of ensuring that the data were as complete as possible. Second, all the

training was done in a standard way. Third, all the staff were aware that the data from each of

the centres run by ACF could be collected and scrutinised, whilst they were collecting the data –

in this way the collection of the data could be viewed as “semi-prospective”, and the staff were

aware that their performance would be monitored. Forth, there was a strict reporting system in

place with monthly written reports that ensured that the staff examined and analysed what they

had achieved each month. Fifth, regular visits were made by myself to each of the centres during

the period of data collection, and the records physically brought back to Paris by myself.  Thus,

although the analysis is indeed retrospective, the data are unlike most “clinical” data in that they

were collected systematically in a standard fashion and the staff had prior knowledge that their

supervisor would examine them.

Nevertheless, there were inevitable lapses and losses of data, given that much of the work was

done under civil war conditions. Consequently, large numbers of records were collected and

verification of the data undertaken where possible. First, a comparison of the observed and

expected number of records was analysed for each centre. In order to avoid bias where a large

percentage of fiche was missing that period of time was not used in the analysis.

Second, all deaths were double-checked with the monthly reports. No significant difference was

found: indeed, more deaths were retrieved from the returned fiches than were reported in the
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monthly reports for some centres.

The registration books, which collect all admissions and daily attendance at the centre, were not

brought back to have a third check, because the books were in active use when the centres were

visited. They should be part of the collected records with the fiche and the monthly reports.

4. The fiche, a useful case-management tool,

From 1993 to 1998, the fiche that was used was successively modified, although the basic data

and format remained the same. The format (A4 to A3), the number of days, the several

additional items, and the way of recording questions such as sex, breastfeeding practices, etc.

were modified.  There was not a written guideline on how to fill in the “fiche” and the definition

of some of the clinical features was not adequately standardised. (Appendix 3 gives an example

of a completed fiche). The fiche was designed for children; however, in emergency situations, all

age groups become malnourished; the fiche was found to be adequate for the other age groups,

but could be improved to take into account special characteristics of other age groups.

A new fiche was designed after the first results of this thesis became available; with details of

the systematic treatment given more precisely, in particular, the use of infusions – transfusions –

ReSoMal, naso-gastric tubes and the systematic treatment of antibiotics.

Furthermore, a separate sheet was created to collect the history and examination of the patient in

a standard and systematic fashion and detailed guidelines for entering the data are being written.

5. Adequacy of the methods

Specific programs were developed by Pr Golden in RS1 specifically to analyse this large

database: TFC_pru, Cusum and Corrwg. These tools are now available to manipulate and

interrogate data on severe malnutrition coming from the field on a large scale to give timely

feedback to those in charge of the patients.

5.1. Mortality

The first programme was developed for the 6 to 59 months old children only. This is because

appropriate indices of expected mortality for the other age groups have not yet been developed.

However, we could assume that the Prudhon index, developed for this aged range could be

applied to Juveniles particularly as most of the countries in Africa have 40% of their population

stunted, so that most are within the height range of normal children of less than 59 months. Also,

nowadays, interests are more and more turning to other age groups (adults, adolescents,
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juveniles and infants) that are affected in emergency situations. The recent starvation in Somalia

(1992), Rwanda (1996), Sudan (1999) shows the urgent need of the humanitarian world to

consider malnutrition in the other age groups. However, the main studies on adults were done in

Europe and USA during the Second World War and little has been published since.

 “TFC_pru” analyses the mortality by time using the Prudhon index as the starting point, for the

6 to 59 months old. It can precisely identify the period of time during treatment, where excess

(unexpected) deaths occur. Consequently, it provides a much more refined analysis of the causes

of excess deaths at a particular period. The application of this program in the present thesis

shows the great variability of the factors associated with excess deaths: they are dependent upon

the facilities, regions, emergency crisis, and particularly, the training of the individual supervisor

of the centre. However, there are weaknesses in the analysis. First, two equations were

developed for the risk of death after admission: one from 0 to 26 days and a second from 27 to

114 days. The second equation could be attributed to death caused by associated diseases such as

tuberculosis, aids, etc. Then deaths caused by these secondary causes, which occur during the

first 26 days could be subtracted from the first equation and an equation for deaths in the first 26

days due to malnutrition alone derived to give the expected deaths during this period. This was

not done, as it was impossible to divide the observed deaths into primary and secondary causes

and thus, there may have been more observed than expected deaths by the relative number of

secondary deaths.  Nevertheless, the equations were only used to divide the total risk into

fractions attributable to risk over a given time period and it is unlikely that the Prudhon-x-time

would be substantially changed. The program could be rewritten and the analysis re-run to see if

there is any change in the results. This was not within the scope of the present analysis. Second,

the data of Uganda were excluded when the equation was derived because these centres deviated

markedly from the standard protocol. The inclusion of the deaths from Maramvya and the other

centres where there was an excess of observed deaths according to the total Prudhon index could

be questioned, as there was a priori evidence that these centres were functioning sub-optimally.

It was decided to include these data however, on the basis that these centres followed the

protocol and there was no evidence that the actual time of death after admission (which was the

parameter derived from the equation) was different in those centres with an excess mortality.

The deaths in Uganda, on the other hand, occurred later than elsewhere and when these data

were later added to the equations in order to investigate the effect, post hoc, of their inclusion the

lines then deviated substantially from a mono-exponential.

The other innovative tool developed for this analysis was the Cusum of the Prudhon index. This

method identifies the critical periods of excess death quite precisely during the total observation
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period, and could be used, in the future, to audit the performance during the running of the

centre in “real time” with each patient’s weight, height, oedema status and outcome being

entered in the centre. Such a tool would give immediate feed back to the staff of the centre and

allow them to evaluate, adjust and call for assistance, if necessary, in a timely fashion. The

avoidance of delay and rapid positive feedback could save a great many lives and lead to

continuous evolution of the protocols to optimise the management in any particular situation.

The software will need to be re-written in a more user-friendly and common software-package

before this can be tested in the field.  The Cusum was developed to monitor individual

practitioners, like surgeons, with their own performance, as a form of quality control. This

provides evidence of ongoing competence in a particular skill (De Leval, 1997). Human beings

can contribute to the breakdown of a system through errors or violations, which can be divided

into skill-based, rule-based, and knowledge-based. At the skill-based level, performance is

automatic and errors are associated with either distraction or preoccupation, and are

unavoidable. At the rule-based level, performance is governed by memory-stored rules, solutions

acquired as a result of experience, training, or both. The knowledge-based level of performance

is relevant in unfamiliar situations for which action must be improvised. Trying to understand

the achievement of excellence could be a more positive way to analyse human performance.

After the identification of periods of poor performance, actions can be undertaken immediately.

In the application of CUSUM technique for the analysis of surgical results, a graphical

representation of target risk was set up, with boundaries representing an early warning of an

adverse trend, set at say the 80% upper Confidence interval  («alert») and a higher boundary at

the 95% Confidence interval. If monitoring were to be carried out prospectively, then deviation

from acceptable standards would become quickly apparent and allow early attention to any

problem in technique or protocol. Further, instead of an arbitrary number of training

examinations, training could be continued until an acceptable level of attainment is reached and

maintained.  In this study the alert was not implemented and the analysis being done

retrospectively.

When writing the program the date of admission was used for the analysis to time the outcome

for each patient. In retrospect, we should probably have used the dates of discharge or death in

the analysis, in order to more accurately times, any changes in performance.

5.2. Catch-up weight gain

In terms of weight gain, the different methods developed by Golden to decrease the bias shows

how results and conclusions could differ with the different ways of analysing and expressing the
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data.  For the reasons given in part 3, we suggest that linear regression over 15 days using the

ideal weight, as the reference is the best way of expressing the data. However, I have presented

the data in several formats, not only to show the differences in the different methods, but also

because it is uncertain which is the most appropriate method of analysis for different purposes.

Certainly, I have shown that the way of expressing the data could affect the interpretation of the

results. The only way to be certain that a result is as expected is when the different methods

result in the same conclusion.

The Cumulative weight gain gives a very good idea of the global picture of the catch up growth.

However, it was calculated before the analysis of the weight change was done, and therefore the

conventional reference was chosen (minimum weight) and not ideal weight. To redo the analysis

would have required about half a million new calculations to be made and then all the analyses

to be repeated. I assume that this would not have substantially affected the conclusions that I

have drawn from the cumulative weight gain graphs or equations.

6. The use of the TMRU data as a standard for case management

The WHO draft manual was written in 1992 (WHO Manual, 1999) was largely based upon the

findings of the research on the management of severe malnutrition done in TMRU, Jamaica.

The results obtained in TMRU (Golden, 1993, unpublished) are shown in table 5.2. The results

are impressive. There were far fewer deaths than expected for all categories of patient except

those with +++ oedema. This confirms one problem with the Prudhon index where oedema is

entered as simple dichotomous variable. If a centre has an excess number of cases with +++

oedema then perhaps the expected mortality should reflect this increased risk.

However, the results obtained from TMRU were under ideal research conditions – and it is

unlikely that such conditions can ever be reproduced under service-conditions particularly in an

emergency situation. The difficulty faced in interpretation is to determine the extent to which the

differences are due to nursing and medical staff skill and experience, staff levels, the products

used, and the research context itself. Furthermore, in Jamaica there is no malaria,

trypanosomiasis, or schistosomiasis on one hand and no ethnic conflict, war or mass starvation

on the other.  It is to be expected therefore that the results obtained in TMRU will be close to the

best that can be obtained with present concepts, knowledge and practice. The patients I have

studied, are being looked after in a very different, and much more “real-life” context and, to a

large extent, the purpose of the comparison is to see what aspects of the costly and unique

TMRU management are critical to this success and which make little difference and can easily

be simplified or dispensed with altogether.  The rates of weight gain reported in this thesis are as
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good or better than those obtained in TMRU so that it is clear that the special conditions of the

TMRU are not necessary to replicate these results. On the other hand the mortality was much

lower than expected in the TMRU.

6.1. Staff management

In TMRU, there was a highly trained and experienced staff who had been with the Unit for many

years: they had a high staff-to-patient ratio with 3 highly qualified doctors, 6 nurses and 2 ward-

assistants for 12 patients. ACF had huge problems in terms of international qualified staff

management; there were generally no doctors and only one nurse per centre. There was a rapid

turnover of these nurses often with a short hand-over times (days), due to the civil instability of

most regions where ACF worked. The training of nurses in Europe does not include the

management of malnutrition and the special pre-mission training courses were necessarily short

and did not include practical bedside training. In an emergency situation in an impoverished

country it is not usually possible to recruit trained local nurses. The local staff could read and

write and may have had basic first aid training – but they were often, of necessity, insufficiently

qualified or supervised by the single international nurse.  The cusum analysis where changes in

observed:expected mortality most closely correspond to a change in the international staff nurse

supervising the centre in many of the centres indicates that this is a critical difference between

the TMRU and the Centres that I have studied. This conclusion can only be drawn from the

cusum analysis and is not evident when the different centres are compared. The results from

Uganda, where local Doctors were in charge of the patients, show that insufficiently trained

medical staff can lead to a much higher mortality rate, similar to that reported by Ashworth and

Schofield (Schofield and Ashworth, 1996). Medical staff exercising individual judgements over

patient management has also been shown by Ahmed et al (1999) to approximated double the

mortality rate.

6.2. Products

The composition of the products used in Jamaica were not completely the same as those

contained in the WHO manual.  For phase 1 the product used was “mix PG” (Picou-Golden) and

was initially designed by Golden for a study of protein metabolism in 1974 and has been used

since that time.  It contains less protein (6g/l) and sodium than the F75. For Phase 2, the name

given to the product in Jamaica was PEL A (instead of F100). The preparation was made in the

ward using the commercial infant milk formula, Pelargon with oil and sugar the minerals were

then added one-by-one to each child’s individual diet. The product was based on 135 kcal per
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100ml and not 100kcal per 100ml like F100. All the requirements of minerals and vitamins were

based on kg body weight of the patient. Part of the innovation in formulating F100 was to

convert all the requirements for minerals and vitamins, from an individual prescription per body

weight of child to a density in the diet, so that all the children receive the same ratio of nutrients,

but different amounts, depending upon the amount of the diet that they take, whereas with the

TMRU protocols the amount of mineral and vitamin taken was fixed per kilo body weight, no-

matter the amount of the other components of the diet taken. This simplified the management to

a level where it could be adapted for use in a service context, and allowed then the development

of ready-to-use products. The practice in TMRU had been to give commercial infant formulae to

small infants, on the basis that the water content of Pel A was insufficient (renal solute load was

high). For this reason, the standard energy density of the diet was reduced from 135 to

100kcal/100ml so that it could be used with smaller children and those with particular difficulty

handling a high renal solute load. This density of diet had been used and tested extensively in the

unit in Uganda in the 1960s. This was also an important change, because it allows local staff to

calculate intakes with little training and without making errors of calculation in a busy service

setting. The results presented in this thesis show that there is no necessity to have a diet with an

energy density above 100kcal/100ml, to achieve rates of weight gain that are as good or better

than those obtained in the TMRU. After a meeting in MSF-France Paris (May 1993), ReSoMal

was introduced for the first time in the management of severe malnutrition. However, this

formula, although much lower in sodium than WHO-ORS, was not quite the same, or as low in

sodium, as the Jamaica specification for oral rehydration solution (See table 5.1), ReSoMal has a

higher content of sodium compared to TMRU solution. However, it was a first step in reducing

the sodium for the malnourished dehydrated children, using a different composition for them

(Golden and Briend, 1993). At that time, people did not recognise sodium as a major problem in

the treatment of severe malnutrition and there were several eminent nutritionists who had

worked in the 1970s who were adamant that standard WHO-formula was satisfactory for

malnutrition.  Furthermore, WHO Diarrhoea Disease Division saw the introduction of a new

product as a major problem. It was only after Pr Golden had shown the results of physiological

experiments and body composition data to Nathanial Pierce, the chief advisor to WHO-DDD,

that agreement was reached that the new formula could be used, provided that it could be readily

made in the field by modification of the existing WHO-ORS (Golden, 2000, personal

communication). This compromise was for purely pragmatic reasons (see table 5.1). We can

now question the wisdom of these decisions, after the results presented in this thesis; and

perhaps it would now be wise to reduce the content of sodium of the ReSoMal to the level that
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was used in Jamaica, and is used in many commercial rehydration solutions used in Europe and

North America. Since that time Fontaine et al (1995) have also published data to suggest that a

hypo-osmolar rehydration solution is superior in normal children than the standard rehydration

solution. Theoretically, if such a change improves the outcome of normal children with

dehydration, the impact should be even greater in malnutrition, where the intestinal function is

even more compromised.
TABLE 5.1: COMPOSITION OF GLUCOSE-ELECTROLYTE SOLUTION FOR ORAL THERAPY IN DEHYDRATED
PATIENTS WITH SEVERE MALNUTRITION

WHO, 1976 TMRU, Jamaica WHO ReSoMal, 1999

g / l Mmol / l g / l Mmol / l g / l Mmol / l

Sodium Chloride 3.5 60 1.8 31 1.75 30

Sodium Citrate 2.5 30 - - 1.47 15

Total sodium 90 31 45

Potassium citrate 0.649 2

Potassium Chloride 1.5 20 1.5 23 2.54 34

Magnesium chloride 0.61 3

Zinc acetate 0.066 0.3

Copper sulfate 0.0112 0.045

Glucose 20 110 50 280 10 55

Sucrose 25 73

6.3. The protocol

In TMRU, the recovery phase started only when the child had really completely recovered

his/her appetite. Food was given individually according to his/her appetite and carefully

recorded.  In ACF, the child were transferred from phase 1 to phase 2 when s/he began to

recover his/her appetite and s/he was beginning to loose his/her oedema.  This was for two

reasons: first, because with the very large number of patients admitted it was not possible to

record all food intake and the change in appetite was not judged by the staff feeding the children

but by the perception of the mother; and second, because of the variability of the staff:patient

ratio and quality of the staff; the NGOs feared giving the patients to little food, delaying their

recovery and of prolonging their stay in the centre (this was a major problem before the

introduction of F100).

In TMRU, the criterion for discharge was 100% WHP and not 85% WHP as it was in ACF.

Consequently, the rate of weight gain for TMRU is calculated over a longer period of time,
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which included the latter part of weight gain (which is often the slowest). As I have shown from

the curvilinear nature of average weight gain, this is the probably reason why the calculated

TMRU rate of weight gain is less than that found in most of the Centres I have studied. In

TMRU some children were kept longer for experimental purposes.

6.4. The data

The average of age in TMRU was much lower than that found in the African centres. The

success rate for TMRU was extremely high and was never reached in ACF centres. Over five

years no children abandoned TMRU, and the CFR was only of 5.5% compared to 12% in ACF’s

centres. If we used TFC_Pru program to analyse mortality by degree of oedema, the one

outstanding feature of the TMRU data is that there was an excess risk of death in oedema +++. It

is clear that gross oedema is associated with a greater mortality than lesser degrees of oedema.

There is already a factor for the excess risk of death due to oedema built into the Prudhon

equations. For + and ++ oedema this seems to adequately account for the additional risk in the

TMRU children as the negative excess mortality for these children is the same as for the non-

oedematous children. Certainly, having oedema leads to an increased mortality risk. If TMRU

data are the gold standard of what can be achieved under ideal conditions it is perhaps unrealistic

to expect that such low mortality rates could be achieved under service conditions in an

emergency. If the Prudhon index were to be revised using such data then there is no centre in

Africa that could at the present time achieve an observed:expected ratio of zero. Such a situation

would lead to those treating children under service conditions to become disillusioned with the

technique and to abandon its use on the grounds that it only applied to non-malarious research

centre conditions. On the other hand if a centre achieved a negative excess-mortality similar to

that found in TMRU then the staff would be greatly encouraged. I do not think that these data

should be used to revise the Prudhon equations. For example, the children treated for

malnutrition in Blantyre, Malawi by Brewster et al (1997) had a very high mortality rate: when

the Prudhon index is applied to these data there is such an enormous excess mortality, that the

authors refuse to report the results using the Prudhon index (personal communication to M.H.N.

Golden from Dr Mark Manary). This is because it would then reflect badly on the care and skill

of “experienced senior paediatricians”. If the criteria used in the Prudhon index were made even

more stringent then very few centres would attempt to use the index to improve their service.

Indeed, the patients in Blantyre may have been largely +++ oedema; in which case it is

important to revise the Prudhon index to take into account the degree of oedema, so that centres

with large numbers of children with gross oedema can have a realistic “yard-stick” against
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which to measure their performance. On the other hand, as the data from Uganda show, most

paediatricians have been unaware of the extreme sensitivity of these patients to sodium and the

very great difficulty in differentiating the diagnosis of heart failure from that of pneumonia

clinically in these children during early recovery. There is also the problem of diagnosis of

children as being “dehydrated” when they are simultaneously oedematous (i.e. overhydrated)

which are physiologically mutually exclusive diagnoses.

One of the main outcomes of this thesis is the demonstration that the children who die have

frequently gained weight in the days before death. These children have all had weights taken

from admission as part of their routine management and a gain in weight, over a short period of

time, is an accurate reflection of fluid balance. This, then, leads to a very simple method of

differentiation of heart failure from pneumonia that can be easily applied in any setting. If the

child who is developing respiratory difficulty has lost weight then the diagnosis of pneumonia

should be made (an infection usually leads to loss of appetite and a negative fluid balance): if the

child has gained weight then a diagnosis of heart failure should be made.  Furthermore, if a child

with “refeeding diarrhoea” or frequent (small) stools has not lost any weight then that child had

not got significant diarrhoea that would necessitate administration of sodium containing fluids.

In other words, the present analysis leads to very simple instructions to the staff of the centres in

how they should diagnose the significance of both respiratory difficulty and diarrhoea in the

malnourished child after admission. The details need to be prospectively investigated.
TABLE 5.2: RESULTS OF THE TMRU MANAGEMENT OF SEVERE MALNUTRITION, JAMAICA, 1971-1990
Criterion Total database 6 to 59 months old subjects studied in

details
Total admission 2413 100% 362 100%

Age in months 14months, SD: 4.8

Sex Boys: 208 Girls:152

Died 169 7% 20 5.5%

Total cured 2230 92.4 % 342 94.5%

RWG 14.2 g/kg/d

RWG max. 11.7g/kg/d, SD: 4.8

Non Oedema
RWG max.

11.7g/kg/d, SD:5.4 N=161

Oed RWG max. 11.8g/kg/d, SD:4.2 N=201

Total length of
stay

33 days 42 days, SD: 17

 WHM% at
discharged

99.1%

Re-adm. 77 3.2%
*max=maximum – Re-adm.=re-admission – Oed=oedema - RWG=Rate of weight gain
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TABLE 5.3:RISK OF DEATH, CHILDREN 6 TO 59 MONTHS, TMRU, JAMAICA, 1970-1990
Characteristic N Observed Expected CI – exp. O:E CFR% Excess

CFR%

No oedema 239 2 14.6 8.4 to 23.5 14 0.84 -5.27

Oed. + 147 10 18.6 11.5to 28.4 54 6.8 -5.85

Oed. ++ 82 4 8.5 3.8 to 15.1 47 4.88 -5.49

Oed. +++ 61 13 4.9 1.7 to 10.2 265 21.3 13.28

Total 529 29 46.6 34.6 to 61.4 62 5.5 -3.32

*Oed=oedema

7. Severe malnutrition in different age groups

Infants, juveniles, adolescents and adults are often ignored in relief efforts. It is only recently

that the WHO manual on the management of severe malnutrition (1999) included the treatment

of severe malnutrition for adults and adolescents as well as children. The manual is silent about

the management of the 0 to 6 month old’s treatment.

These categories, infants, adolescents and adults were difficult to analyse because there is no

mortality risk index similar to the Prudhon index to give an expected mortality rate.

Furthermore, for the adolescents and adults >130cm height and for infants less than 49cm height

there are no agreed admission and discharge criteria or even software to calculate their weight-

for-height.

7.1. Infants

Five hundred and sixty six wasted infants were analysed in this thesis (about 10% of all wasted

patients). However, they are excluded from most nutritional emergency surveys. The main

reasons are, first, that the causes of severe malnutrition in infants are thought to be mainly due to

low birth weight and not amenable to intervention [sic]. Second, such infants are supposed to be

exclusively breastfed until the age of 6 months, thus, they should not have any nutritional

problems, with the exception of orphans. The way that surveys are conducted (to be included the

subjects are >65cm and >6months) results in all 6 months infants being of normal height and

less likely to be low-birth weight or wasted. Such surveys give the impression that children are

normal at 6 months and therefore it is assumed that those less than this age are also normal.

The recommendations for the treatment of this category of severely malnourished patient (WHO

manual, 1999), by default, seem to be the same as for those over 6 months of age. However, the

data in this thesis show that the infants were the ones with the highest case-fatality-rate and also
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the survivors had the highest rate of weight gain in the centres.

In this thesis, we were restricted and limited in the analysis of this age group for several reasons:

1) The poor quality of the weight data due to the salter scale having a precision of less than

100g. Few centres at that time were equipped with scales of 10 to 20g precision; the ones which

are not electronic are difficult to use by untrained staff, and the electronic ones are expensive

and often no strong enough for service use. The UNICEF uniscale has a precision of 100g.

2) The lack of indicators for the less than 49cm, to screen severely malnourished infants.

3) The difficulties of re-feeding the below-6-months-old infants, who are too weak to suckle,

without suppressing the breast-milk output of the mother.

4) The non-existence of a mortality-risk indicator for this category of age.

5) The small number of infants, compared to the other age groups category in this database.

Sixteen of 566 infants suffered from kwashiorkor. Nine of the 16 infants were breastfed (data

not presented). The high CFR% of oedematous and for non-breastfed infants shows that they are

at major risk (CFR% for oedematous infants: 25% compared to 19.5% for non oedematous ones

& 28% CFR% for non breastfed ones compared to 16%). Even though the numbers were low

(n1=16 & n2=395) these data are sufficiently startling to show that a major research effort

should be directed at the methods for identification and management of severely malnourished

infants in emergency situations.

The rate of weight gain of the infants is better than the other groups with 21.3+/-13.2g/kg/day

from min-max weight and 15.5+/-8.2/kg/day for min-last weight. For the linear regression

analysis, 30 cases (10%) were eliminated because of the inaccuracy of the daily weight, almost

certainly due to lack of precision of the scale.

Ahmed et al (1999) treated in his study 627 children from 3 to 13 months of age and in TMRU, a

lot of infants were actually treated – the problem of infants is much greater than has been

previously acknowledged. In emergency situations, infants with problems of breastfeeding end

up in therapeutic centres. This is the only possible place where 24h-care can be provided. If we

consider Cyanika (25%) and Maramvya (44%), the CFR for infants is particularly worrying. The

latest UNHCR emergency handbook (UNHCR, 1999) recommends that care should be provided

in TFC for all low birth weight babies, orphans <1 year and mothers of children younger than

one year with breast feeding failure. This recommendation has been made without consultation

with the emergency NGOs that operate the therapeutic feeding centres. The protocols that have

been elaborated for the management of severely malnourished children are not appropriate for

these groups of patients: it seems as if UNHCR has simply made this recommendation because

they do not know what else to do with these vulnerable patients. Furthermore, infection is of
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major threat in a TFC where there are large concentrations of severely malnourished

immunocompromised patients; patients that do not directly benefit from admission should be

treated elsewhere, if necessary in a new type of structure. Two years ago, a pilot project

‘breastfeeding corners’ was introduced in the refugee camp of Ngara (Tanzania) to provide a

supportive environment for breastfeeding mothers with low birth weight babies. This was

successful; nevertheless, this initiative has not yet become part of a common emergency

strategy. This is partly because the documents produced by the UN agencies have to go through

such a slow process of editing and agreement that they are usually years out of date when the

recommendations are published. There is an urgent need already; with the increment of the

number of orphans from maternal HIV and civilian targeting in war the need will become more

extreme.

Pr Golden and M. Corbett in ACF’s TFC in Liberia tested an innovative technique for wasted

infants. Then it was implemented by ACF in order to respond to the need of those infants who

are too weak to suckle. The name of this technique is the “Supplemental Suckling” technique

(Corbett, 1998). No broader analysis has yet been made.

To conclude, evaluation and monitoring should be made in order to design more appropriate

protocols and activities. Dissemination of precise guidelines followed by training should then be

undertaken. We have no specific guidelines, apart from exclusive breastfeeding practices.

7.2. Adolescents

Anthropometric indicators for adolescents have not yet been agreed for screening. The criterion

WHP% is commonly used for adolescents from 85cm to 130cm height. For the adolescents more

than 130cm height, WHO recommended using BMI-for-age (WHO, 1999). BMI-for-age was

tested by Center of Disease Control (CDC) and by Concern in refugee camps in Burundi. It

showed that forty-six percent of the adolescent population was considered to be severely

malnourished, when their nutritional status obviously did not need in-patient care and the rest of

the population was not severely malnourished to anything like this degree. They obviously were

not at major risk and it was the indicator that was at fault.  Another indicator, developed by Pr

Golden, is commonly used by the field-workers, to select the adolescents in WH%. However, it

is not yet formally recognised by WHO. It is based on weight for height using height-age instead

of chronological age. Z-score is not used due to the increased variance of weight-for-height of

this particular age group.

The CFR% for adolescents was 13%, which is higher than for the younger age groups. It was

7.5% for wasted patients and 16.1% for those with oedema. In contrast, in Tumamburg, (MSc K.
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Dairy, 1999), no deaths occurred in 58 adolescents that were treated.

The treatment of the adolescents did not present particular problems. The overall rate of weight

gain by minimum weight for discharged patients, was the best of all the age categories for min-

weight to max-weight (16.8+/-11.0g/kg/day (p<0.005)). It was second, after juveniles, for

minimum to last weight (13.2+/-9.0 g/kg/day (p<0.001)). However with the linear regression,

they were ranked third after juveniles and children. There is an urgent need to have an indicator,

recognised internationally, correlated with Mortality for the adolescents. This first step will

allow screening and prevention of severe wasting, particularly in emergency. The high incidence

of HIV-aids in these countries and the high prevalence of adolescent pregnancies should be

taken into consideration.

7.3. Adults

For the past few years, severely malnourished adults have been considered in emergency famine

relief programs. As adults are generally not dependent upon others for food and their energy

requirements are proportionately less than those of children, the peak of incidence of severe

malnutrition and death in adults, generally occurs later in an emergency compare to children

(Winick, 1979). Often, by the time an emergency relief operation is up and running in a severe

crisis, most of the children have already died, and malnourished adults constitute a large

proportion of the malnourished population (CDC, 1992).

The recommended criteria for admission (WHO, 1999) is BMI < 16.  However, there are no data

that evaluates the power of BMI or MUAC to predict mortality in a famine situation. There is a

great need for a validated practical indicator with which to assess adult malnutrition, especially

during the initial phases of emergency relief operations.  A study by Carlos Navarro (MSc,

London School Hygiene Tropical Medicine, 1998) showed that BMI has a very low sensitivity

and specificity of identifying adults at risk of death when admitted with severe malnutrition.

Investigation of MUAC, which reflects “thinness”, as does BMI, MUAC is easier to perform on

severely malnourished adults is probably more sensitive particularly for severely malnourished

pregnant women. The identification of a positive relationship between mortality and MUAC

consistent at all levels of oedema for both sex opens a wide range of possibilities for further

study (MSc, C. Navarro, 1998). Often adults have difficulty moving and demi-span

measurements have not yet been evaluated in Africa countries. Collins (1999) demonstrated a

close correlation between measurements of MUAC and BMI for severely malnourished adults

(but he studied a Dinka population, which have a different body habitus to other groups).

Collins recommended the use of a BMI cut- off point of BMI<15 as a criterion for admission
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(personal communication). This advice has to be taken with caution and validated in non-

pastoralist peoples. The high CFR% found amongst the adults in this thesis does not suggest that

such strategy should be universally implemented. The CFR% was 7.5% for the marasmic adults

and 19% for the oedematous.  Collins et al, 1998, obtained a reduction in case fatality rates of

37% oedematous malnutrition and 20% for marasmus or mild oedema when they compared two

diets with different protein contents in a therapeutic feeding centre in Baidoa, Somalia during the

1992 famine. Among oedematous patients, the reduction in protein intake was associated with a

three-fold decrease in mortality (p<0.05) and accelerated resolution of oedema (p<0.05). Their

improved regimen was similar to that used by ACF. The CFR% observed among the adults in

Tubmamburg Liberia, was exceptionally low (1.8%) (MSc K. Daari, 1999). The same protocol

used in Liberia, after this remarkable success, was implemented in Burundi. Surprisingly, after a

short period, the protocol in Burundi had to be urgently re-adjusted because of the high mortality

rate. This was the first major indication that there are important regional differences and other

confounding factors that have to be investigated, taken into consideration and addressed. The

nature of such differences in physiological terms has not been explored and is not understood.

The observed differences do mean that monitoring, evaluation and feedback have to be built into

any program so that inappropriate treatment can be adjusted rapidly.

The difficulties of feeding severely malnourished adults, especially those with oedematous

malnutrition, have long been recognised. The diet recommended by the WHO manual is

standard for all ages, the amount being adjusted by category of age. Pr Golden (personal

communication) derived the diet from experimental data on children, and extrapolated these data

to adults in the absence of any definitive data (and in order to simplify the running of a centre).

The loss of body tissue (which is predominantly the low-energy consuming components of the

body, which leads to a higher per kilo energy requirement for the remainder) and the reductive

adaptation in children approximately balance each other, so that the requirement of a normal and

a malnourished child are about the same - 100kcal. However, this assumption is likely to become

progressively violated as the individual matures, the low energy consumption tissues (fat,

muscles) represents a higher proportion of the body in adults than in the immature individual.

And adults can, in general, tolerate loss of a higher proportion of their body weight than infants

and children. For example, a child’s brain represents 20% of his weight and 5% in an adult. The

relative changes in body composition and physiological adaptation have not been examined in

adults. Golden calculates that the maintenance requirements of the older age groups could be in

error by as much as 30% (according to body composition and adaptation) of the values

extrapolated from children.
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The recommended milk-based diet (WHO, 1999) for adults was only accepted with reluctance

by the patients and staff. The adult population of Burundi, for example, does not normally take

milk unlike the Somalia and Sudanese populations. Although, adults were reluctant to take the

milk diet. In emergency situations and over-crowded centre such as Maramvya it is not possible

to have different diets for each class of age or patient, unless separate centres with different

protocols are established for older patients. The amount of milk has to be calculated by class of

weight (range of weights rather than individually) in the recovery phase. For adults we used 40

kcal/kg/day (amount recommended in the WHO manual) as the maintenance requirement and

doubled this in the recovery phase as we do with children.  The rates of weight gain using the

linear regression over the first 15 days of growth (relative to minimum weight as ideal weight

for adults is not clear) in Sahel and West Africa were 8.2 and 13.7 g/kg/d (n=20 patients)

respectively. In East Africa, adults only gained weight at 7.9g/kg/d. This was the lowest rate of

weight gain observed for any age group or region in this study. I ascribe this largely to the

cultural reluctance of the adults to take the diet rather than to physiological constraints on weight

gain. Nevertheless, during the Second World War period, the scientific community (Kugelmass

et al., 1944) carefully considered these problems. The rate of weight gain of the severely

malnourished ex-inmates of the Sanbostel concentration camp, receiving 31.5MJ and 297 g

protein/d, was  ~7g/kg/d during recovery phase of their treatment (Murray, 1947). Collins et al

(1998) gave a mean rate of weight gain of 5-6g/kg/d during recovery phase of rehabilitation for

Somalia adults during famine: they used adapted local diets. It is clear, from the results of some

of the centres, that I have studied that the potential for rapid weight gain is similar for adults and

for younger patients, if new diets can be made that are acceptable and provide the correct

balance of nutrients necessary for rapid tissue growth of adults.

There is an urgent need to have an indicator based on mortality risk that can be used for adults.

Following the initial analysis of the data in this thesis we approached manufactures to produce

solid foods based upon the basic F100 nutrient formulation. Tests of re-feeding adults with such

products like ready-to-use-therapeutic diets rather than liquid diets are now being tested in

Congo Brazzaville by a collaborator (Carlos Navarro). In preliminary studies, this strategy can

be quite successful for adults, who need adequate high nutrient density food with adequate

mineral and vitamins fortification.

Adult secondary malnutrition due to chronic diseases like TB, aids, diabetes, heart disease, etc,

represents a major problem during the treatment. All these conditions also occur in children, and

although there are no data to address this point, it is generally assumed that such underlying

conditions are more prevalent in malnourished adults. This is clearly the case in Western
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societies: however, under conditions of widespread famine adults will also have predominantly

primary malnutrition. Whether, in famines with comparable degrees of childhood and adult

malnutrition the ratio of primary to secondary malnutrition in the different age groups is

different is not known. In all age groups the relative importance of secondary malnutrition is

likely to be inversely related to the age-specific population prevalence of malnutrition. When

malnutrition is uncommon most cases will be secondary – when it is highly prevalent far fewer

cases will be secondary. It is not possible to make general statements about the relative

frequency of secondary malnutrition in emergency situations in adults at the moment.

8. Mortality

Out of 11,287, 1320 patients died (CFR: 11.7%). This rate is higher than the recommended

minimum standards of the Sphere project (1998) (CFR%<10%). The most vulnerable were the

infants with a CFR of 19.4% and then, surprisingly, the adults and adolescents. The juveniles

were the ones at least risk of death with a CFR of 9.5%. These CFR were still high, if we

compared them to the Tubmamburg data in Liberia, where the CFR% ranged from 0.8 to 5.7%

for the various categories of age (MSc Karim Daari, 1999). However, the present treatment has

been much more successful than the traditional hospital-based treatment, which reached a range

of mortality rate range from 20 to over 40%.

Of the 8458 children, the CFR% among the 6 to 59 months children were significantly higher

(12.7%) than the expected rate (9.2%), so that there were 3.5% excess deaths (O:E ratio=138).

The siege of Tumamburg, Liberia shows what can be achieved with the basic protocols that are

described in this thesis. Of over 900 patients admitted to the Tubmamburg TFC, only 16 died

(CFR <1.8%) These results are similar to those obtained at TMRU, where there was only an

excess mortality for the children with +++ oedema. The TMRU data show that the degree of

oedema seems to be a major factor in mortality with a distinct difference between those with

+++ and those with lesser degrees of oedema.

Indeed, the excess deaths in TMRU (table 5.4), for those with oedema +++ was almost the same

as in ACF centres, although there were large differences of the other groups. If we consider

TMRU as the ‘standard’, then the degree of oedema should certainly be incorporated into a new

Prudhon Index. However, my analysis of the rate of weight loss by centres shows instances of

higher weight loss in degree + oedema than in degree ++.  Although as the minimum weight was

not systematically the weight without oedema (data not presented) this anomaly might be due to

residual oedema. If there is to be a differentiation based upon the degree of oedema then it will

be necessary to have uniform criteria for its definition. Golden (1989) undertook an analysis of
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oedema assessment by experienced and un-experienced clinicians. Oedema was consistently

over-assessed by those unused to looking at weights as oedema is lost.  This emphasises the need

for tools to assess the degree of oedema consistently (with photographs). However, the first step

can be the amount of weight loss during resolution of oedema.  Brewster (1997) has insisted on

the particular vulnerability of the kwashiorkors in Malawi compared to other countries. Unless

this type of index is generated there is no way to say whether those in Malawi are indeed more

vulnerable, whether they have +++ oedema and should therefore be judged by different criteria,

or whether the “expert” treatment is itself outmoded and responsible for the deaths. That the

latter is possible is shown by the data from Lacor where “experienced” and senior paediatricians

had control of the treatment protocols and were particularly reluctant to change from what they

had learnt and practised for many years.

In contrast, Ramos-Galvan and Calderon (1965) working in Latin America did not consider

oedema as an important indicator of outcome. Perhaps their children had minor degrees of

oedema. Nevertheless, in reading table 5.4, it should be emphasised that the excess mortality

already has taken the additional risk of mortality associated with oedema into account – the

TMRU data are thus consistent with the African data used to derive the Prudhon index.
TABLE 5.4: EXCESS DEATHS AND CFR% BY DEGREE OF OEDEMA, CHILDREN, ACF AND TMRU

Oedema ACF CFR % ACF excess CFR% TMRU excess CFR%

No oedema 11.3 2.3 -5.3

Oedema + 14.8 3.3 -5.9

Oedema ++ 14.6 5.1 -5.5

Oedema +++ 19.9 14.9 13.3

Total 12.8 3.6 -3.3

The Prudhon index has allowed me to analyse the causes of excess death between centres in

depth and the cusum technique then takes this further to investigate the cause of changing

mortality within the centre. However, at the moment this analysis is only possible on children.

The differences by centres show how important management and training are in determining

mortality.

8.1. Mortality by time

In ACF, the overall ACF CFR% from day of admission to day of discharge, for the children, was
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12.8%, (with an assumption that 1/3 of all transferred children died – the actual observed

mortality was lower). This correction is not normally made by NGOs reporting mortality rates

and so the ACF figure may appear higher than it would otherwise) with an excess death of 3.6%.

Table 5.5 shows the CFR% and the excess death by time after admission in TMRU and in ACF

centres. The CFR% was higher in ACF than in TMRU (Overall TMRU CFR=5.5%, & TMRU

excess death = –3.3%). The highest CFR in ACF was in the first 3 days and in TMRU from day

7 to 10. However, the absolute number of deaths in TMRU was very low.  Both TMRU and

ACF had fewer than expected deaths shortly after admission. The excess deaths in ACF were

mainly from day 4 to 6 and after day 14.  In TMRU the excess death was from Day 7 to 10, as it

was for the CFR.

The deaths after day 14 represent nearly 4% of the difference in the mortality rates in TMRU

and ACF centres, and if this difference were to be removed then there would be a major change

in the relative efficiencies of the two centres. It is unclear why most of the later deaths occurred

in ACF because of the inadequacy of recorded notes and absence of necropsy. Nevertheless, the

ACF data were collected in areas of active malaria, whereas there was no malaria in Jamaica and

also in areas with a high prevalence of HIV. These later deaths could thus be due to causes other

than simple management of malnutrition and its complications. It should be noted that most of

these “later deaths” will not be included in most “hospital” mortality rates recorded from the

developing world because of their practice of discharging most children in 5-10 days after

admission to “make room” for new admissions or for other less clear reasons. The 20-40%

hospital mortality reported by Ashworth, even though it is shocking, is likely to be an

underestimate.

The timing of the “worst period” for TMRU and ACF was different, with TMRU’s peak being

delayed. I interpret this as being due to the earlier introduction of phase 2 with supra-

maintenance food intakes in the ACF centres. The peaks of excess deaths occur in both centres

1-3 days after high energy feeding starts.
TABLE 5.5: CFR AND EXCESS DEATHS % FROM DAY OF ADMISSION TO DAY 200 IN TMRU AND ACF, 1971
TO 1998
Data Day 0 to 3 Day 4 to 6 Day 7 to 10 Day 11 to 14 Day 15 to 27

CFR% ExcD% CFR% ExcD% CFR% ExcD% CFR% ExcD% CFR% ExcD%

TMRU 1,2 -3.2 0.7 -0.13 1.5 0.7 0.8 0.2 1.6 -.9

ACF 3.7 -2.6 2.5 1.5 1.8 1.0 1.4 0.9 3.0 3

In Bangladesh, Ibekwe et al (1994) showed that death occurred mostly for children who either

had no weight gain or a weight loss. They did not however analyse “excess deaths”. Most deaths
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occurred in my patients, absolutely, on the day of admission and fell exponentially from that

time. Thus, many of my patients had not gained weight by the time of their deaths on the day of

admission

Table 5.6 shows CFR and excess deaths of children from day of admission to day of minimum

weight, and from minimum weight as the children were in the early phases of weight gain in

TMRU and ACF.  Mortality from admission to minimum weight indicates that the children

either lost weight, or had a static weight from admission to the time of their death, which

occurred at their minimum weight. Of the 12.8% that died, 2.3% died on the day of admission

before any weight changes could be recorded, 4.2% of children lost weight and died, and 6.1%

died during the first 3 days of weight gain.

TABLE 5.6: CFR AND EXCESS CFR% OF CHILDREN FROM DAY OF ADMISSION TO DAY OF LAST MIN WEIGHT
+ 6 DAYS, TMRU & ACF, 1971 TO 1998
Data Day adm to min

weight (dmin)
Dmin to dmin +3
days

Dmin +3 to dmin + 6 Dmin +6 to dmin +10

CFR ExcCFR CFR ExcCFR CFR ExcCFR CFR ExcCFR

TMRU (n=437) 1.13 -3.03 0.69 -0.62 1.17 0.48 0.48 -0.01

ACF  (n=3943) * 4.16 -0.14 6.12 5.09 0.91 0.49

* Excluded day of min weight = day of admission (i.e. death occurring on day of admission).

This way of analysing the data shows that death during the early phases of treatment particularly

from minimum weight for the next 3 days are critical. If death during this period could be

avoided then overall mortality rate would be halved.

The excess death that occurred the first 3 days of weight gain is likely to have been related to the

following. 1) Probably, over-feeding in the ACF centres: the average length of Phase 1 was 4

days, then they passed in Phase 2 with 200ml/kg F100 diet per day being given. 2)

Overhydration, with the sudden high intakes of diet in phase 2, the children often get a “re-

feeding” osmotic diarrhoea and are then given ReSoMal along with their F100 diet in phase 2. 3)

They are beginning mobilise intracellular sodium due to the sudden increase in diet and repair of

their membranes go into heart failure, because they are unable to excrete the excess amount of

Na in the urine.

This excess deaths represented 5% of all the children, which means that 241 deaths could

possibly have been avoided, if we had carefully managed the children in the first 3 days of this

transition from phase 1 to phase 2, when they first gained weight. However, from my analysis

the weight gain does not indicate that they were necessarily in phase 2 when they died – the

analysis of the deaths in the first 3 days of phase 2 is not as dramatic as when the starting point is
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minimum weight.  Short-term weight changes are related overwhelmingly to fluid balance. What

is clear is that the children that died shortly after their minimum weight were retaining excess

fluid. This could have been due to either excess administration of rehydration fluids or

overfeeding with death being by heart failure.

Golden suggests that this can be easily differentiated clinically. “In the early phases of weight

gain, after the child has been under care for several days, respiratory symptoms are normally

regarded as being due to pneumonia and treated with antibiotics or a change in antibiotic –

failure is then ascribed to bacterial resistance or viral pneumonia rather than to a clinical

misdiagnosis. Grellety’s results lead to a simple clinical way of differentiating these conditions.

If the child gets respiratory symptoms then he should be weighed. If the weight has increased

since the previous day there has been a positive water and sodium balance and heart failure

should be diagnosed. If weight has been lost then the diagnosis is more likely to be primarily

respiratory. Also the practices, used by myself in Jamaica, whereby the liver edge is marked on

the skin with indelible marker at admission and increasing liver size is taken to indicate an

expanding circulation (where there are facilities a fall in the haematocrit can also be used), could

be easily adopted, where the skill to examine the jugular venous pressure is missing. A difficulty

could arise using weight for oedematous children who mobilise fluid from their interstitial space

to the intra-vascular space without weight change – but the liver size (or haematocrit) can easily

be used in conjunction with weight change.”

The differences of management in TMRU was, 1) first, they waited until the child lost his

oedema completely before high energy feeding. 2) Second, there were experienced

paediatricians who regularly examined the children and particularly looked for jugular venous

pressure increases. 3) Third, heart sound, respiratory crepitations, and the size of the liver were

monitored. 4) Fourth, all food-intake was stopped and digoxin was used if heart failure was

suspected. They also increased the amount of milk according to the appetite of the child as

judged by an experienced nurse.

Despite all these precautions, cardiovascular problems did occur during the early refeeding

phase and did lead to death. They are likely to be very much more common where such

precautions are not taken.  They have been described. John Patrick (1977) described that it took

no longer that two hours, for a child’s condition to change from apparent cardiovascular

normality to definite and life-threatening pulmonary congestion, sometimes with additional the

features of watery diarrhoea and abdominal distension when perfusion to these organs fell to

very low levels. Patrick was clear that they developed the syndrome 48 hours after starting the

high-energy rehabilitation diet. He also remarks that it was more likely that the oedematous
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children would develop an overload syndrome.

What are the possible reasons for such cardiovascular sensitivity in malnutrition? Their cardiac

output is low (Klahr and Alleyne, 1973) (UNICAL Program, 2000) and their renal function

impaired (Klahr and Alleyne, 1981) (UNICAL program, 2000). If the excess fluid in the

interstitial space moves to the intravascular compartment, or the excess intracellular sodium is

exported from the cell before the renal defect has fully recovered then the weak heart can easily

be stressed to the point of failure.

In kwashiorkor, the sodium pump is more active than normal and the cell membranes leaky

compared to marasmus.  In contrast in marasmus, the sodium pump is less active than normal

and takes some times to get active again and the integrity of the cell membranes is usually

normal.  In kwashiorkor if the cell membranes are rapidly repaired then there is a danger that the

excessively active sodium pump will export sufficient sodium to cause heart failure.

Warthon (1967), studying kwashiorkor, demonstrates that it is necessary to give not more than

1mmol/kg/day of Na+ if heart failure was to be avoided.

If we consider a severely malnourished child of 10kg, who has an ECV of 2.8 l. and an ICV of

2.6 l (Cheek et al., 1977).

The intracellular sodium in malnutrition is about 70mmol/l cell water and about 35mmol/l in

normal children (derived from Patrick and Golden, 1977).

Then, the beginning of the re-feeding period, there will be an increase in ECF Na content and a

fall in ICF content. If we consider that from a total of 70mmol/kg 35mmol will come out of the

ICV to the ECV.

Then,

Na+ICF start –Na+ICF end = Na efflux = 35*2.6 l =90mmol Na+

(this is about 9mmol/kg of child).

If this is dispersed in ECF volume, and if the concentration of Na+ is 140mmol/l in the ECF, then

the volume of the ECF would increase by 90/140mmol/l=650 ml.

% expansion ECF = [[ECF volume +0.65)]/ECF volume]*100 = 123%

If we assume that there is 50ml plasma /kg body weight

For a 10kg child, there will then be, 500ml plasma + 2.8-0.5 l= 500ml plasma + 2.3l tissues

fluid.

Then we will have an extra fluid of 650 ml, which could go to the tissus or/and to plasma. If it

were to go to the plasma then the plasma volume would more than double.
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Wharton considered that, by adding 3mmol of Na+/kg to the diet, many of the children go to

heart failure, which for a 10 kg child is 30mmol per day total intake; Wharton's figure, of course,

is dependent upon the maximum renal excretion of sodium.

It is clear, from this calculation, that there are 90 mmol available intracellularly that has to be

mobilised from the cells for a 10kg child.  If a dietary intake of 30 mmol per day can precipitate

heart failure in a 10kg child, then it would also do so if the excess intracellular sodium was

mobilised within 3 days with no dietary sodium intake at all. If there is a dietary intake of

15mmol Na+ then to fully mobilise the intracellular sodium over 6 days could easily precipitate

heart failure. If 70 ml/kg of ReSoMal is given during this time, because of “refeeding

diarrhoea”, it would provide the child with an additional 30 mmol of sodium – any additional

dietary intake on top of this, or even export of sodium from the intracellular compartment

because of the adequate diet would cause heart failure.

From Wharton’s analysis, an additional ECF volume of 30/140 = 214 ml (in one day, of isotonic

sodium) is likely to precipitate heart failure – this is only about 20ml/kg. Clearly, intravenous

fluid during early recovery is particularly hazardous and even a blood transfusion at this time

could be fatal. If refeeding diarrhoea is treated along conventional line as if the child was newly

admitted with dehydration (120ml/kg/d) then fluid overload will be extremely common.

There is about the same intracellular sodium in marasmus as in kwashiorkor (Patrick and Golden

1977), but those with kwashiorkor will be more sensitive for two reasons: first, because they

already have an overactive sodium pump and the components of the diet can repair the

membrane leak quite quickly so that the intracellular sodium can be exported more rapidly, and

second because they already have a greatly expanded ECV with their oedema fluid that has to

pass from the interstitial fluid through the plasma to the urine. If the maximum safe mobilisation

rate for oedema is 20ml/kg/d or 2% of body weight per day (if there is no sodium entering the

system from elsewhere) then this represents a great danger for children with +++ oedema, who

may have more than 10% of their body weight as additional extracellular fluid.  When all the

sources of sodium are considered – diet, oedema fluid and intracellular fluid, it is clear that the

rate at which the kidney can excrete the excess sodium is a key variable in whether the child

lives or dies. The diet should be low-sodium, the use of rehydration fluid should be controlled

and it should only be given to those who have actually lost weight from a pathological loss of

salt and water, the intracellular sodium should be mobilised over at least 6 days, if the rate of

oedema loss is 1% body weight per day.  These calculations do not take into account individual

physiological variability and if the loss of life is to be avoided then the recommendations should

be made more conservative.  The big challenge from my analysis is for the physiologists to
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determine the nature of the renal defect and devise therapeutic strategies that allow the renal

defect in sodium metabolism to be corrected in advance of the intracellular efflux and

mobilisation of the oedema fluid.

If the intracellular fluid that is being mobilised goes into the tissues then refeeding oedema will

occur. This is not uncommon in the feeding centres and it generally looked upon as a bad

feature. However, such sequestration of the excess fluid will protect the child from going into

heart failure. For that reason refeeding oedema is quite a safe feature for the individual child.

But his neighbour that is getting the same regime and does not sequester the additional sodium is

in great danger. If refeeding oedema is occurring in the centre then the protocol should be

changed.

We will have difficulty using our dataset to analyse refeeding oedema, because we used to feed

the children even when they did not lose their oedema.

The actual severity of diarrhoea was always a problem to assess: in a TFC, with very large

numbers of patients, the mother is simply asked if the child had diarrhoea or not, and depending

upon the answer alone the staff give ReSoMal; this often happens in phase 2 when the children

are getting 200ml/kg/day diet and develop mild refeeding diarrhoea. Wharton (1967) specified

that more than 1mmol/kg/day, Na+ is sufficient to provoke an overhydration syndrome.  Gao

centre, in Mali, gives a very good example of such mismanagement, the experienced nurse

changed and the new inexperienced nurse gave ReSoMal freely during phase 2 without reducing

the dietary intake, if this was not taken it was sometimes given by naso gastric tube in phase 2.

We did not imagine that there would be this problem and did not include warning instructions in

the protocols. The cusum analysis indicates that this change resulted in 22 deaths.

The following changes should be made to the protocol. 1) Oedematous children, who regain

their appetite, should be placed into a “transition phase” until they have lost their oedema

completely, before they move to phase 2 (in the transition phase 130kcal/kg/d is given so that

there is a step between phase 1 and 2 with a lower sodium intake and refeeding diarrhoea is

much less likely to be provoked). 2) Children should not be moved from phase 1 until their

diarrhoea has completely resolved.  3) Children should be fed according to their appetite as often

as possible and not force-fed. 4) Any children with re-feeding diarrhoea should be weighed and

children who are gaining weight should not be treated with rehydration fluid. 5) If a child gets

refeeding diarrhoea the treatment is to reduce the dietary intake and not to give rehydration: the

child is therefore transferred back to phase 1 (so that ReSoMal is given only in phase 1) and
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restarted more slowly into transition phase. 6) Naso gastric tubes are only to be used in phase 1

with no more than 100 kcal/kg/d. 7) Where heart-failure is a common cause of death, F75 should

be used in phase 1 because it has a much lower sodium content than F100. 8) Low Osmolarity

F100 and F75 should be used wherever possible and particularly with untrained team.

8.2. Cusum of mortality

The importance of close supervision and surveillance has been emphasised by nearly all authors,

and every physician and nurse will assume that this takes place in a clinical setting. However, in

an emergency situation close individual supervision by properly trained personnel is perhaps the

most difficult aspect of management to achieve and assess – it is much easier to introduce a new

diet or drug than have fully trained, committed and conscientious staff. We have no objective

measure of this aspect of care, and there are no validated tools for proxy measures, such as the

diligence with which the fiche were completed. For example, Brewster (PhD, 1996) commented

about the importance of supervision for the success of treatment. He also mentioned the

difficulties of isolating this effect from the other factors affecting the outcomes. He

recommended that a case control study with a control group without close supervision be

undertaken.  This has been done but not yet reported (personal communication): surprisingly the

study showed very little difference between the frequent and infrequent supervision in his ward

in Malawi.  This counter-intuitive result may have come about because observed deviations from

normal led to inappropriate intervention.

The Cusum technique, introduced in this thesis, goes some way to addressing this problem. By

using the cusum, we can determine with precision the critical times when significant changes in

mortality rate take place, these can then be temporally related to changes in staff as well as to

other aspects of care. If co-incidental changes in care and mortality are replicated from time to

time and centre to centre then their importance can be established. I suggest that visually

displaying the observed-expected death by time, using the cusum technique, during treatment is

absolutely critical for a better understanding of the management of severe malnutrition and by

providing staff with easily understood feed-back, almost in “real-time".

The analysis of the cusum by centre shows quite clearly that: 1) The simple provision of

different therapeutic diets will have little impact on mortality unless there is good training as to

their correct use. Indeed, as with any drug, incorrect use may increase mortality (imagine insulin

without any instructions). 2) The Staff management, training and supervision appears to be

critical so that staff turn-over, their motivation, the arrival of an experienced nurse, the change of

the supervisor, the logistic management, moving from one building to another for the different
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phases all can affect mortality adversely.

As expected, anaemia, diarrhoea, dehydration and hypothermia each increased the risk of death.

However, it is unclear if these signs are taken with sufficient accuracy to be useful

prognostically. The centres with a high prevalence of anaemia, hypothermia and diarrhoea,

dehydration were those with excess deaths.  However it is not clear whether the death was due to

the condition itself or to the wrong diagnosis, followed by inappropriate treatment. For example,

in centres such as Lacor, children diagnosed as anaemic received a transfusion as if they were

normal children, and often died shortly afterwards with what appeared to be heart failure. The

guidelines state that the infusion should be much small, given more slowly, and covered by

diuretic and very closely monitored, the guidelines also state that if there is a real danger of heart

failure an exchange transfusion should be given - these guidelines were never followed by the

paediatricians with which we collaborated. Similarly, children with the normal “sunken eyes” of

malnutrition were frequently diagnosed as dehydrated and received the full rehydration

treatment (including intravenous fluid) when they were not dehydrated. Likewise, ReSoMal was

given in phase 2 when it was not needed, the diarrhoea being a mild osmotic re-feeding

diarrhoea. Thus, interpretation of the association between the recorded diagnosis and death is not

straightforward.

The very high rate of death in Uganda was probably due to over-diagnosis of dehydration and its

incorrect management based on intravenous infusion and ReSoMal as if the children were

normally nourished. Gao’s sudden increase in deaths dramatically demonstrated how faulty case

management and incorrect understanding of the disease process could increase the death. The

implication is that inappropriate management is a reflection of a generation of doctors who have

been trained without any nutrition teaching and who have an incorrect understanding of the

disease process and a wrong approach to management. The lessons learnt over years of

experience in the developing countries have not been incorporated as an essential part of the

medical knowledge and understanding in the developed countries (Bredow and Jackson, 1994).

The highest rates of hypothermia was found in areas that were previously unsuspected, such as

one Uganda hospital, a centre in the middle of Kanem in Chad (Sahara desert) and a centre in

Ngozi inside a hospital building (data not shown). This is probably due to building construction,

sleeping conditions and staff procedures rather than being geographically determined. Thus,

Andobac had a high rate compared to Mao, both were in the Sahelian desert within 50Km of

each other (data not shown). Seasonal variations such as the dry and wet season in Kitgum (data

not shown) are already described in the literature (Poskitt, 1972). Lacor unit had child-cots in the

paediatric ward where the superintendent expected the children to sleep alone so that we
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suspected that hypothermia would occur. However, when I visited at night I found the mothers

sleeping under the beds, directly on the floor, with the patients.

Sudden increases in admissions, particularly in emergency situations, had indirect consequences

in that patients were moved from phase 1 to phase 2 rapidly to make room for the new arrivals -

the management of the patients in phase 2 being easier than in phase 1. There were then also

problems due to staff management overload, lack of physical space in the phases. Overload of

patients had an indirect consequence on hygiene and the risk of nosocomial and epidemic

infection increased.

In some cases, it is quite clear where deviations from the standard protocol arose and we can

now judge which are the critical parts of the management that have to be carefully taught and

emphasised during training, because they directly affect the mortality.  But in many instances,

when a change in staff was associated with a change in cusum, it is not clear in what way the

changes mediated such clear changes in mortality rate. Examination of the reports and fiche do

not show clear changes in treatment; therefore, there must be critical parts of the management,

that have a major effect on mortality, that are not at the moment recognised for their absolute

importance, and for that reason are not addressed or put into guidelines. Repeated observation of

many centres with close monitoring of performance and the cusum technique may help to

identify these factors and to alter the protocols and training accordingly. The utility of such

responsive and iterative observation, evaluation, analysis followed by change of both training

and practice to give a steady improvement of the management of malnutrition is what I have

tried to demonstrate in this thesis.  This is perhaps the only way forward when formal controlled

clinical trials are not possible.  As a method of improvement, it has the advantage of being rapid,

practical and dealing directly with “real life” situations rather than gaining knowledge in a

research setting and then trying to implement it in practice.  Indeed, this is perhaps the only way

to proceed with an illness where there are so many variables in management and the relative

importance of any one of them is not clear. I have concluded that the actual diet that is used

(HEM of F100) is far less critical than some of the other aspects of management. Most

physicians perceive that without F100 they cannot start to implement the modern management of

severe malnutrition. The present work shows that this puts the emphasis in the wrong direction.

The cusum should become a tool used for the monitoring, demonstrating in a quantitative way,

the consequence of a bad or good management on severely malnourished children. It allows a

depth of analysis of the dysfunction of a centre in a way that is not available with other

techniques and takes into account and integrates not only the quantitative data but also all the

qualitative facts that are not usually considered in an evaluation. A good example is the
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comparison of the centres of El Salam and Wad El Beshir (data not shown). They were both in

Khartoum, Sudan, with the same type of patients and outwardly they were apparently the same

during field visits to the centres. It was only by the cusum and consequent interpretation of the

monthly reports, that we discerned that the team faced very different problems, which had an

effect on mortality, even though the absolute mortality was low and superficially, we could be

satisfied with both the centre’s performance – they were certainly within the Sphere standards of

performance.

8.3. Difference by care facility

When Brewster conducted his studies of 7 Nutrition Rehabilitation Centres (1996) (Brewster et

al., 1997), he showed differences according to the levels of facilities at central, district and rural

level with respectively 30.5%, 25.8% and 7.5% mortality.  He attributed these results to diets,

nursing care, adequate resources and supervision. Similarities are found with our results, in term

of care-facilities and management, as it is shown in part 2. But this qualitative list includes

almost all aspects of management and gives no idea of which are of major importance and which

will make little difference if they are changed. Resources, particularly human resources, are

always limited and it is important to determine which aspect should receive priority attention.

Most of the centres studied in this thesis were built with local material or plastic sheeting, in

hostile environments, during humanitarian crises, without any of the usual clinical facilities,

such as laboratories, cold chain or fridge. Epidemics of cholera or shigellosis (Maramvya,

Cyanika, Kibeho) was common in the acute phase of the emergencies.

In contrast, the SNUs were inside the compound of the hospital, with beds, attached to the

paediatric ward and with access to medical care and hospital facilities. During night-time, it was

quite usual that mothers slept under the beds with their children and it was therefore uncommon

to have more hypothermia than in the TFC, although the latter were made of plastic sheeting and

local material, the mothers and children slept together on mats with blankets over them both.

Day cares in Tubmamburg, Liberia (Daari, 1999) and Maramvya, Burundi were centres built

during extreme emergencies in active war zones.  Maramvya was a residential day care centre

and Tubmamburg a non-residential one, where patients were able to go back home in the

evening. Tremendous differences in term of CFR% appeared in a very short time, between these

two centres where the same protocol was being used. How can the differences be explained?  In

Tubmamburg there were no infusions at all and all oedematous patients were first given “sugar

water” instead of ReSoMal, their intake of food was initially less because they were not fed

overnight. We had expected a high mortality from hypoglycaemia because of the failure to feed
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at night, but this did not occur and the mortality rate was lower than in any other centre that has

been analysed.  The circumstances, region, underlying nutritional state and epidemic experiences

was also different. If we could replicate those aspects of management that resulted in only 16 of

900 patients dying in Tubmamburg then the way forward would become clearer. Certainly, more

investigations need to be undertaken.

SNUs show tremendous differences between Guinea, Mali and Uganda. Certainly, the high

mortality rate in Uganda was unpredictable before we attempted to implement the WHO

protocol. The mortality remained high during the whole period of the treatment as shown by the

Cusums from each centre in Uganda. This was not the case for Gao in Mali, where, apart from a

precise period where the reason for the excess mortality was identified and rectified, the

mortality was as expected and in Macenta, Guinea, where the cusum was also quite different.

The main differences between the three types of care are first of all the ratio of staff /

beneficiaries. Day cares for emergency situation have a very high attendance with more than 200

patients. The ratio patient:staff is usually 1 staff to 4-6 patients. Units within the hospital are

usually understaffed and the ratio staff-to-patients is very low (1staff / 8 patients). TFC are

centres usually well staffed and sometimes overstaffed at the end of an emergency (1 staff / 5

patients).

Nevertheless it was the SNUs and the RDCC in emergencies which had the highest CFR, with

successively 20% and 20.7%. For that reason I will consider the different problems encountered

in the NRDCC and in the SNU’s of Uganda in more detail.

8.3.a. Residential Day Care Centre (RDCC)

24 hour-care in unsafe areas is often impossible for security reasons. The only possibility is

daytime care, residential or not. First, day care residential or non-residential does not permit

nighttime care, monitoring or feeds. This is a huge problem for the patients particular at risk

during the first 48 hours of phase 1. There is presently no way to handle such situation in

accordance with accepted practice19.  And referral to other centres, where they were available,

had to be considered in terms of the need for night care, for all needing naso gastric tubes and

for infant feeding. A 5-meal schedule is usually the maximum number of feeds that it is possible

to make during daylight hours, for the security of the staff in particular. The staff cannot reach

the centres through road’s blocks until several hours after daybreak and have to leave early in

the afternoon (before 5p.m.). The large number of patients does not facilitate a quick distribution

                                                          
19 - Investigation has to be made to evaluate properly the risk of bacterial contamination of F-75 and F-100 diluted
considering the length of time and various temperature.  Even then there would be no staff to dispense the food at night.
- The conception of new products based upon ready-to-eat has to be developed for both Phase 1 and Phase 2 patients.
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of the meal. The unavailability or shortage of ready-to-use and “convenience” products

complicates the management (just making a fire and boiling water for 500 people takes a

considerable time). The types and ease of use of food products are of major concern during this

period of an emergency.  The calculation of the amount of food to prepare has to be related to

the number and also to the average weight of the patients. The amount dispensed must be easily

measured in round units and the same amount is given to patients within a range of weights

rather than individually measured.  The structure and organisation then needs “military

precision”. Special patients, such as infants (particularly the less than 4kg) need more than 5

meals and have to be physically gathered together in a tent or room and treated separately if this

is possible. They have to be followed more carefully because hypothermia and hypoglycaemia

are major risks.

An intensive day-care unit has to be implemented to deal with the very severe cases.  Here a

doctor and a nurse who are well trained to monitor and care such patients can concentrate their

attention. Specific surveillance charts have to be used.  Any rapid increase in cases of diarrhoea

(watery or bloody diarrhoea) among the beneficiaries or the caretakers should alert the medical

team and the supervisor to epidemic spread of cholera or shigellosis. An assessment of hygiene

has to be undertaken regularly. The criteria for transfer of cases to other 24-hour facilities have

to be readjusted according to the availability of facilities and the hazards of transport

(particularly if this is through hostile checkpoints and over very rough roads).

8.3.b. Specialised Nutrition Unit

There is a very poor attendance of malnourished children in district hospitals (Golden and

Grellety, unpublished). This is probably due to problems at both family and hospital level.

At family level,

1) First, the expense for transport discourages the mother to take her child to the nearest hospital.

2) Families with malnourished children may not have enough financial resources to pay for a

long re-nutrition treatment in hospital. 3) The free access to health care proposed for the 5%

poorest part of the population (part of the Bamako agreement on cost-recovery) is often not in

place in these units, due to lack of pertinent indicators to identify socio-economic vulnerable

people. 4) The very high case fatality rate within the paediatric ward is well known in the

community and discourages most of the parents from bringing their children. They usually

attend traditional healers, die at home, or are brought to hospital at the last moment because of

the bad reputation for care. 5) People of the developing countries often consider severe
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malnutrition as a common event occurring during childhood, especially during the pre-harvest

season and are not so much a medical condition as an inevitable occurrence or a spiritual event.

6) Mothers are often absent during the day trying to find some food for her family or to earn

some money.  If mother thinks that the child is probably going to die at any rate she will then put

her efforts into the survival of the rest of the family.

At hospital level,

7) The child is usually admitted on the basis of another pathology, such as measles, and is often

not even recognised severely malnourished; therefore, hospital statistics of severe malnutrition

are often gross underestimates; however such statistics are not collected. Malnutrition deaths are

ascribed to other “more important” or “fashionable” illnesses that are taught in medical and

nursing schools.  8) The admission criteria for severe malnutrition are nearly always based on

clinical appearance alone and not on anthropometric criteria. Height is not taken, and as low

weight-for-age is usually due to stunting, doctors become used to seeing “severely

malnourished” children who appear clinically normal. This reinforces their idea that malnutrition

is not a problem of clinical interest. Even in the example of the Medical Research Council Child

Nutrition Unit in Mulago Hospital, Kampala, specialising the management of severe

malnutrition, height is not measured (personal observation). Therefore, medical staff and policy

makers both consider severe malnutrition as a minor problem. 8) The overcrowding of the

hospital, usually during the hungry season, associated with the lack of staff, increases the risk of

deaths. 9) The usual capacity of a paediatric ward in a district hospital (approximately 20 beds)

is insufficient in terms of physical space if the new WHO protocol of the treatment of severe

malnutrition is instituted. The success of the early stages of treatment itself can lead to

overcrowding and thus too early discharge of patients. Who are not followed up or given any

after-care. 10) The lack of staff, especially during the afternoon and night is a major problem.

The staff are not only not trained in malnutrition, but as they are also not paid regularly or given

a “living wage” in Government institutions they are demoralised and become habituated to

suffering and death. 11) In addition, the frequent staff rotation decreases effect of any training

that is given the quality of the surveillance, and the management of patients. 12) Unlike other

patients, the malnourished are from the poorest and most illiterate section of the population: they

are always of a different social strata than the nursing staff and ward assistants, and often of a

different ethnic group (for example, even in North Uganda the patients were Acholin and the

staff Buganda). The patients and staff thus have little rapport and the abandonment rate can be

high because of the staff attitude. 13) In many hospitals, malnourished patients are not being
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supplied with dietary food products. This is the result of cost recovery and other policies, which

force the family to provide food for all the patients. The malnourished are not differentiated

from the well nourished in the application of these policies. The mother of the child suffering

from malnutrition has thus to provide the food for her child and the hospital provides the drugs.

As they could not afford to purchase sufficient food before the child was admitted, with the

expense of the admission itself and of travelling, the child’s diet can be worse in hospital than it

was at home. In keeping with this policy the quantity and type of food that is given to the child is

not under the control of the medical or nursing staff and there is no possibility of having special

products that are not available in the local market. 14) Although the treatment of severe

malnutrition has improved markedly in recent years, there is a lack of diffusion of the

information in hospitals, medical and nursing schools. Agencies such as UNICEF do not

consider curative treatment of dying children as part of their responsibility so take no part in

spreading information about the modern management. Doctors rely on their own personal

experiences. Most doctors in Government hospitals with day-to-day responsibility for patients

have very limited experience – the more senior doctors spend their time in private practice where

malnutrition is not a problem that they commonly face. This situation leads to management

mistakes and to high fatality rates in hospital.  The mortality rate in refugee camps is a fraction

of those found in most hospitals.

The experience of trying to integrate the modern management of severe malnutrition into the

government hospital setting, reported in this thesis, faced all of these problems. The high rates of

death in the SNUs occurred despite the provision of skilled nursing supervisors, training, the

products and free treatment by ACF.  When compared to the refugee camps and even to the

makeshift facilities in a war-zone, the failure of the SNUs shows how intractable some of these

management problems can be. I hypothesise that it is only by changing text-books and wide

diffusion of appropriate teaching material, followed by successful implementation of

“demonstration centres” which follow standard procedures will the death of so many children in

hospitals around the world be alleviated.

8.4. Differences by region

Differences in mortality and the features of severe malnutrition in different regions are clear

from the literature. In some regions kwashiorkor hardly exists and marasmus is common, in

others many patients have oedematous malnutrition. Whitehead (1979) described the particularly

high mortality rate of Ugandan kwashiorkor children compared to those from The Gambia. The
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kwashiorkor and marasmic children in The Gambia were similar to each other in their

anthropometric measurements and their plasma hormone and amino acid patterns, but

kwashiorkor in The Gambia was quite different from that in Uganda. Additional data from a

prospective longitudinal study recently completed in The Gambia, indicated that hypo-

albuminaemia appeared acutely, in contrast to its gradual development observed in Uganda.

These findings led Whitehead to suggest that kwashiorkor patients in The Gambia and in

Uganda have distinctly different aetiologies and he discussed possible reasons for the

differences. For example, the association of hypo-albuminaemia with diarrhoeal diseases in The

Gambia indicated that plasma protein loss from the gastro-intestinal tract could be a factor

precipitating kwashiorkor in children who would otherwise develop marasmus. However,

similar measurement had not been made in Uganda, and this thesis is based upon the protein-

deficiency theory of kwashiorkor.  Wharton (1967) demonstrated the danger of Na+ overload in

the patients suffering from severe malnutrition in Uganda, a particular sensitivity that has not

been reported elsewhere (perhaps because high sodium diets are not used elsewhere and the

phenomenon has not been looked for elsewhere). Waterlow (1992) recorded all the main causes

of death from different regions in the world. However, the present dataset is unique because a

standardised protocol was used in each of 20 centres from 13 countries in Africa and the

Prudhon index has been developed to standardise the severity of malnutrition between centres

and regions thus, highlighting the differences. The recent analysis of Tubmamburg, a NRDCC in

an emergency situation (K. Daari, MSc) compared to Maramvya gave quite different outcomes,

using exactly the same protocol. However, when we compare the CFR% of Tubmamburg with

Buchanan, Tubmamburg centre still had less deaths (CFR=1.3%) with an O:E ratio of 28.6

compared to Buchanan (CFR=6.8%) with an O:E ratio of 79 and the West region overall having

a CFR=10% with O:E ratio of 102. I can find no other comparable data in the literature.

In Burundi, the centres at Ngozi and Maramvya can be compared; Maramvya had a very much

higher mortality rate.  Although the centres were of a different type, Ngozi being a TFC and

Maramvya an RDCC, in both the patients were residential, and day care itself does not

necessarily lead to an increased mortality, as shown by the comparison in Liberia between

Tubmamburg and Buchanan.  There was an outbreak of cholera in Maramvya and very poor

hygiene, which certainly exacerbated the situation, but most of the deaths were not associated

with diarrhoea.  However, even though the anthropometric measurements were similar and are

allowed for with the Prudhon index, the nutritional status of the patients appeared clinically to be

much more severe in Maramvya than in Ngozi.  It is difficult to pinpoint the specific features

that lead us to this conclusion, except for highly subjective signs such as the degree of apathy,
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lethargy and the absence of smiles, or talk between the patients and the caretakers. This was

partly ascribed at the time to the psychological trauma of the war, to displacement and the

oppressive regime that engendered fear in these Hutu patients (the government and the staff

were all Tutsi), however the Cusum analysis shows that the clinical impression was indeed

associated with a great excess in mortality.  From the observations recorded in the fiche I could

not retrospectively analyse the data for differences in clinical features.  However, a decision to

record these other features by a standardised clinical examination sheet was made at that time.

These data are now being collected.

There was a positive relation between excess mortality and the cumulative rate of weight gain

for the East and West Region, which was not seen in the Sahel. This finding highlights and

quantifies the differences between the regions that we were able to observe at field level. My

analysis also shows that there was a hierarchy in the risk of death of children, with similar

degrees of oedema, from the East to the West to the Saharan countries.

9. Duration of stay, defaulters and transfers

Before discharge, there is often a short period of weight loss as the patients take family food and

the therapeutic diet is stopped. The average rates of weight loss from the maximum to the last

weight averaged  –3.5+/-8.3g/kg/d; this loss occurred over 2.4+/-3.8days. The loss for the adults

and the infants was more than for the other groups No comparative data were found in the

literature.

In ACF, the length of stay of the discharged patients was 28 days; it averaged 20.3 days (SD:

24.7) for those that absconded. The defaulter’s rate, which I have defined as a 24-48 hours

absence of a patient from the centre is not usually considered in reports of the treatment of

severe malnutrition and is hardly mentioned in the academic literature. However, MSF (1995)

and other NGOs use precise criteria of discharge and use the defaulter rate internally as a

criterion of the success of the program.  This has consequently been incorporated into the Sphere

project standards.  In my study eighteen percent of the patients were defaulters. This proportion

is higher than the one suggested by the Sphere project (1998)20.  The way that such absconding

patients are handled statistically can affect the reported results. The analysis of mortality has

taken into account the children who abandoned the centre for the period that they were at risk of

death, but did not die. We do not know what happened to the defaulters, as these are the most

                                                          
20 A defaulter being considered as an individual who has not attended the centre for more than 48 hours.
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difficult group to follow after they have left the centre, and even though this was all attempted in

most centre it was not sufficiently complete to obtain reliable data. In stable conditions,

mortality rates of defaulters were reported by VanRoosmalen-Wiebengal (1987) to be as high as

41% in Tanzania and by Soutif in Niger (1989) as 47%, with a duration of stay before defaulting

of 10 and 13 days respectively.

We attempted to determine the reasons for absconding from ACF centres by questioning the

neighbouring patients after a patient had left. The causes were then reported in the monthly

report as a first attempt to get a better understanding of problems and perceptions experienced by

the caretaker and her family.  Informal discussions with the caretakers in the centres are essential

to get an understanding of the constraints that the population has to face. The protocols and

methods of treatment should then be adjusted to take account of these pressures on the families

of the malnourished. For example, mothers were often absent during daytime because the

enrolled in other relief programs, such as food-for-work. Frequently, the rest of the family was

left without a caretaker, when the mother had to be in the centre with the ill child – if she either

perceived that the child would die or that the child was already “out of danger’ then she would

make the judgement to leave to take care of the rest of the family. Frequently, the male head-of-

household demanded that the mother return with the child to the family to undertake household

chores and provide him with his sexual partner. This highlights the need for flexibility and for

the development of reliable methods of Home-Treatment, health centre treatment or day care, as

appropriate, in emergency situations. In Haiti, the defaulter rate went down when a rota of the

mothers was introduced; a mother “on duty” took care of her child, and another child or two.

This allowed the mothers  "off duty" to go and get food or to look after her other children. Such

a strategy has not been attempted in an emergency situation; it would only be applicable where

there are relatively short distances to travel such as in a refugee camp.

Transfers, by definition, have been counted as a failure of treatment in the centre. Blood

transfusion, tuberculosis, and severe dehydration are the criteria of transfer to the paediatric

ward of the closest hospital – the rate of transfer then depended upon the availability of a

hospital with space to accommodate the patients. From 1997, reporting of the follow-up of the

transferred children was included in the ACF monthly reports, in order to evaluate the outcomes

of the transfers. Furthermore, special training was given, by the staff of the centre, to the hospital

staff, on the use of the products like F75 and F100 and ReSoMal. Nevertheless, the rate of

mortality in most hospitals was so high that more risks were taken by transferring the patients to

the hospital than keeping them in the centre. It is impossible to know whether these children

would have lived or died if they had not been transferred. The data from the SNU, which had
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special services provided by ACF, suggest that many more would have survived if they had not

been transferred to a facility without staff trained in the management of severe malnutrition.

Recently, an analysis of the change in mortality that occurred when two centres in Liberia were

“handed over” to the local health authorities have been analysed (Marchand, Grellety and

Golden, unpublished). The mortality which had been within the expected range increased

dramatically, when the local hospital had care of the patients, even after training and the supply

of products. It is also difficult to know how to handle these cases statistically. Most NGOs who

report mortality figures ignore the transfers; this will make the mortality rate appear less than it

would otherwise be, and a centre could lower its mortality rate by the simple expedient of

transferring the sickest cases before death.   For this reason I made the arbitrary assumption that

30% of transferred children would have died if they had stayed in the centre.  For this reason, the

mortality rates may be higher than would have been reported by other organisations. If the actual

mortality of transfers would have been less or more than 30% if they had remained in the centre

then the figures that I have reported in the thesis are in error by the amount of the deviation and

the relative frequency of transfer.

In certain circumstances, particularly with the day care centres, night-care was a major problem

and new criteria for transfers were needed. In the second draft of the Management of severe

malnutrition (1995 – personal communication M. Golden), the criteria for the selection of the

cases to be admitted to 24-hour intensive care unit were described. They were as follows: age

less than 12 month, severe dehydration, septic shock, lower systemic respiratory tract infection,

severe anaemia, jaundice, persistent loss of appetite, need of a naso-gastric tube, persistent

diarrhoea and vomiting.  When insecurity did not allow any 24 hour-care the rate of transfer

increased in order to allow for 24-hour care (for example, North Sudan). The risk of death in

these circumstances may be different from that where 24h care was available. However, no

adjustment was made to the assumption of 30% death of transfers as the actual risks were not

universally ascertained and variation of the assumption, by centre or type of care was not

decided upon a priori and would therefore have introduced a bias.

The catch-up growth in length and the relapse rate were not considered.

10. Weight gain

The rate of weight gain by minimum weight was rarely under 10g/kg/d. The rate by linear

regression over 15 days was 12.7g/kg/day. This shows a very successful rate of weight gain.

Clearly it is possible to have very high rates of weight gain, on diets containing 100kcal/100ml

under service conditions. Brewster had a rate of weight gain of 11.2g/kg/d in the main hospital
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where he did his research but this fell to 7.1g/kg/d in district hospitals and 6.4g/kg/d in rural

clinics. Spady (1976) reported from TMRU an average rate of weight gain of 8.4g/kg/day,

ranging from 3.2g/kg/day to 21.5g/kg/day. However, more recent data from TMRU showed an

average rate of weight gain of 11.7g/kg/day for the total period, and with a trivial difference

between oedematous (11.8+/-4.2 per kg per d) and non-oedematous (11.7+/-5.4g/kg/d). The

ACF data showed that oedematous patients had a lower rate of weight gain compared to the non-

oedematous ones. Comparing the standard TMRU diet with one similar to F100, Morris et al.

(1989) achieved comparable rates of weight gain.  It is clear from the ACF data that rates of

weight gain as high as those obtained in Jamaica with 135kcal/100 ml can be routinely achieved

with 100kcal/100ml diet.

As demonstrated by Golden and Golden (1981), the rate of weight gain followed the pattern of

faster rate gain during the initial stages of recovery, which decreased towards the latter stages.

Morris measured the changes in body composition, using bioelectric impedance, during

recovery, by plotting both weight and total body-composition, against time on the diet. She

showed the divergence of the curves for total weight and lean-body weight as recovery

progressed and as the proportion of water in the new tissue was decreased. Since the water

content of fat is less than in lean tissue, weight gained with a lower proportion of lean tissue has

a lower water content than the one with a high lean tissue content. She concluded that with this

diet, the decreased proportion of body water relative to weight gain on the test diet was due to a

decrease in the lean:fat ratio in tissue gained as recovery progressed.  F100 has the same

specifications as the MGM diet studied by Morris. These studies confirm that the high rate of

weight gain during the first 5 days is due largely to water retention. Morris showed that the

slowing of growth occurred simultaneously with the change in the proportion of fat to lean tissue

being deposited. She also showed a decrease in efficiency of weight gain (above-maintenance

energy consumed to weight gained) as recovery progresses. This is an adequate explanation for

my finding of a difference between the calculated RWG for day 5 and day 15 in all the different

centres, regions and facilities (RWG day 5: 20.9g/kg/d compared to RWG day 15: 12.7g/kg/d).

The analysis by centre showed that differences between centres are reasonably consistent.

However, using different methods of calculation led to changes in the results that were not

predictable. The way that we chose a one method or the other could potentially change our

conclusions. I have preferred the linear regression at day 15, by ideal weight, for the reasons

given in the methods section describing weight-gain. Nevertheless, there may be other

circumstances where a different method of calculation would be more appropriate. One such
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would be the decision during the early phases of treatment that a child is in “failure of treatment”

– the criterion for which is failure to gain at 5g/kg/d over 3 days. Clearly regression is

inappropriate for this purpose and the ideal weight denominator is cumbersome and less related

to the actual patient at the moment of assessment than the current weight. However, for

comparative purposes, weight gain over a sufficiently long period of time, without a single

measured weight as the denominator and an objective mechanism for rejecting erratic weight

changes should be used.  Using the ideal weight removes the effect of the degree of wasting

from the computation; this appears to be more appropriate when groups are compared with

different degrees of wasting.

Thus, rates of weight gain by ideal weight and linear regression are recommended in theory and

for research purposes. The rate of weight gain by min weight from minimum to last weight is the

easiest one to use at field level and is needed to compare values with those reported in the

literature.

11. Mortality and weight change

Severe malnutrition has been known and treated for more than six decades and there have been

many variations in its therapy throughout the world (Wharton et al., 1968). My mortality

analysis, by time during the treatment, showed very strongly that the days after the minimum

weight was the critical time. The excess CFR at this time is around 5%, which means that 241

deaths could potentially have been avoided if we had carefully managed the children in the first

3 days of increasing weight.

However no relation between rate of weight gain and mortality was found using the average rate

of weight gain (by minimum weight or by ideal weight).  However, we found a relation between

the exponential (“b”) of the cumulative weight gain and excess mortality. The normal way of

examining weight gain does not discriminate the pattern or average shape of the different weight

gain curves. The cumulative weight gain can do this. The regression we obtained is consistent

with the observation that those centres where the children gain weight suddenly at the beginning

have a much higher mortality than those where the initial rate of weight gain is much slower.

This again points to there being a problem with initial excess fluid retention as the main cause of

the excess mortality.

12. Products

The WHO specifications of the diet have not been formally evaluated, except in TMRU on small

numbers of patients and Tubmamburg (MSc Daari, 1999) in an emergency situation.  To analyse
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the effect of the diet, the analysis for those centres where the diet had been introduced was done

to eliminate the bias. These comparisons were attempted in regions, where there was a low rate

of mortality.

First, products were compared in terms of mortality, using before and after retrospective study in

Makeni, Buchanan and Macenta.  HEM and F75-prepackaged showed a lower than expected

death rate in Phase 1.

Excess death was lower in phase 2 with HEM, compared to F100.  Although the mortality rate

with HEM was lower than predicted from the Prudhon index, and there may have been special

considerations, this was an unexpected finding.  There are deficits of most minerals and vitamins

in children with severe malnutrition.  The deficits are quite gross for the major minerals and the

addition of potassium and magnesium has been part of standard treatment in research units since

the 1950s.  The essential difference in HEM and F100 is that HEM does not contain the minerals

and vitamins required to replace the deficit. Theoretically, therefore there should have been a

major advantage in giving a malnourished child who is deficient, a diet, which corrects the

deficiencies.  The fact, that we did not find this, requires an explanation.  The major finding of

this thesis is that many children die with an early weight gain, almost certainly from fluid

overload and cardiovascular failure. This gives a possible explanation for the observation.  There

is a membrane leak in kwashiorkor with a high intracellular sodium and low potassium.  If this

leak is suddenly repaired, then the sodium will be exported from the cells and potassium

imported precipitately. This could give rise to an electrolyte “dysequilibrium” during early

refeeding.  If this is the case, then HEM works because it fails to fully treat the children and they

are forced to reverse the changes more slowly. This would fit in with the clinical impression of

the staff where they do not see a “clinical” improvement with HEM in the same way as they do

with F100.  Perhaps an analogy could be drawn with insulin treatment of diabetes. In the early

days of treatment, when there was an attempt to rapidly correct blood biochemistry in keto-

acidosis there were excess deaths from acid-base dysequilibrium.  However, one would not give

a nurse insulin and tell them to simply give as much as possible to the patient, without any

monitoring or further instructions. Yet this is the level of instruction that is given to a nurse

administering F100 to a patient.  For the malnourished child, F100 is the drug that will repair the

deficits and return the child to normality. However, as with any drug it needs to be used with

caution in the correct doses, by people who are properly trained.  Thus, I interpret these data as

being consistent with F100 being a more potent “drug” for the treatment of severe malnutrition

than HEM and as such it needs to be used with proper training under supervision.

Brewster (1997) did find a significant fall in deaths, after introducing the same mineral and
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vitamin mix (CMV), with a case fatality rate of 25.8% before its use, compared to 20.8% after,

but mortality rate is in a different range from the ones that I have studied, and as discussed

before may well have been due to mismanagement of fluid and electrolyte treatment – there was

also no adjustment for expected mortality rate. Ifekwunigwe (1975) described emergency

treatment of 5000 severely malnourished children during the Nigeria-Biafra war. The CFR for

children on at least 3 days of dietary treatment was 35-40% using dry skin milk alone and it

dropped to 10-14% when K-mix was used. K-mix has a much lower sodium and protein level

than dried skim milk.

Each of the analyses of the Cusum shows that training and management were the critical

variables to address to reduce mortality, and the products have relative small influences. If my

conclusion is correct that dysequilibrium syndromes are more likely with F100, then such

training becomes even more important when such products are used.  And perhaps, centres that

have not undergone such training and follow the guidelines and protocols with reasonable

fidelity should not use F100.

13. Strategy for the future

13.1. Integration of the treatment at national level, part of a disaster preparedness process
The treatment of malnutrition has come from research centres in Jamaica, Uganda, South

African and elsewhere.  There has been no general acceptance of the variations on these

published guidelines that have been introduced nationally or by individuals working in isolated

hospitals or TFCs.  These methods have then been extrapolated and applied worldwide on the

assumption that malnutrition is the same everywhere.  Even kwashiorkor and marasmus are

treated the same. This is the first opportunity there has been to see if there are differences when

the same protocol is applied in many different centres to very large numbers of children to see if

the same results are obtained.  It is clear that there are regional differences that malnourished

children respond differently in different contexts and that marasmus, and more particularly

kwashiorkor should have different treatment regimes worked out for these different contexts.

The associated dietary deficiencies, differing conditioning infections and the desire to achieve a

locally acceptable and applicable treatment regiment can readily explain some of these

differences.  However, we suspected that many of the differences in treatment regimens could be

explained by little more than individual whims.  In this study, usually one expatriate was in

charge of a centre or several in the same area and was trained by the same trainer. The protocol,

which was supposed to be implemented, was basically the same.

For these specific reasons, the implementation of the treatment of severe malnutrition needs, first



205

205

to be recognised as a priority by the national authorities. Secondly, the implementation of a SNU

as a demonstration centre to allow a proper evaluation of the efficiency of the treatment in

context, and a continual and iterative readjustment according to the outcome and constraints of

the national authorities. Third, a plan of action regarding the implementation at a national level

of the treatment of severe malnutrition with the demonstration centres being a training-centre at

national level. This is part of a long term action which has to be undertaken step by step, first by

designing a training plan of action in a national level, implementation of the protocol in the main

cities, each unit has to be followed by regular monitoring and readjustment of the programme.

There also needs to be much more investment in research to answer the many questions raised

by the data reported in this thesis. It should be emphasised that the data that I have collected and

analysed was done “in service” without any additional funds for data generation or collection.

The collection of such data routinely together with its timely and innovative analysis so that the

database can be expanded and the results of introduction of changes in the protocols properly

documented and proved by replication from centre to centre rather than by controlled trials.

13.2. Training

Brewster (1997) also noted the lack of skilled and motivated health workers and that this is a

main issue for the integration of the treatment of severe malnutrition in hospital.  My analysis

totally endorses this conclusion.

Staff training and an adequate “hand over” have a great impact on change on mortality. An

adequate “hand-over” period is necessary for good team spirit.

The lessons learnt over years of experience in developing countries have not been incorporated

as an essential part of medical knowledge and understanding in either the developed or

developing countries themselves. Nutrition training has to be part of every disaster preparedness

programme in poor and unstable countries. Doctors could be trained on Computer Assisted

Learning Programs, instead of waiting for the arrival of the Professor, who knows (or one that is

not active in research and clinical treatment of malnutrition and probably does not know, but

helps to continue many of the myths surrounding the management of severe malnutrition).  Data

from the centres should be made available to the staff for immediate feedback of performance.

And permanent monitoring of all centres should be organised in a network.

The lack of staff is a major problem in poor resource hospitals. It could be considered as quite

unfair to cover the needs of staff in one specific service and to have other major problems in the

paediatric ward.  The management of severe malnutrition has to be compared to a specialised

service like ophthalmology service, where specific trained and specialised nurses and doctors are
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needed to avoid major failures of treatment or major increase of the mortality rate.  It should not

be part of the routine "rotation" of staff that is practised in many hospitals. Duty rotation does

not allow us to have anybody knowledgeable and experienced to be really responsible for the

nutrition unit. The use of students as nurses or doctors has the same implications for the

treatment of severe malnutrition and is even worse.  It is impossible to run a service with

students moving constantly from one service to the other, changing every month, the supervised

only by one nurse in rotation in charge of the ward.

All the training should be designed according to a standard protocol and modern methods of

electronic communication should be used for rapid and cheap dissemination of such training.

One nutritionist nurse, who has the ability to teach and the knowledge to implement the

treatment of severe malnutrition is needed for each in-service project: first to choose the staff

according to the resources and second to train them in practice.  Clear job descriptions are a key

issue to address the standard protocol in a centre. The management of severe malnutrition needs

understanding and motivation.
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CONCLUSION

This unique database was compiled in-service from the records that are routinely collected but

rarely analysed. There could have been many such databases established by NGOs from their

own records over the years, but few in the humanitarian movement consider such records of

value after the patients have been discharged. The present study shows the priorities quite

clearly, and the way forward to improve management of severe malnutrition. The extreme

variability by region, countries and facilities showed the importance of carefully collecting and

evaluating data. The high mortality rates in Uganda SNU and Burundi Day Care residential

centre shows the importance of an analysis focused on each centre and the comparison of

centres. It also demonstrates that modern diets play a role in decreasing the length of stay, but

that the major problems are actually related to staff management. The excess death by time

shows the importance of the implementation of a “transition phase” to slow the initial rate of

growth (a metabolic stress) and increase the intake stepwise, according to the state of the

patients. Certainly, oedematous patients should be staying in the transition phase until they have

lost their oedema.

The academic researches on the treatment of severe malnutrition have almost ceased in recent

decades. The NGOs trying to deal with famine and destitution are urged to respond with

efficiency and at the lowest cost-, using standards based on best practices (Sphere Project). The

MoH within the countries under unstable situations has usually no capacities or resources to

address the problem. Government policies are mostly determined by UN agencies, which have

promoted prevention of malnutrition at the expense of any curative services.  UNICEF and the

World Bank have consistently neglected to introduce any programs for these children and

allowed them to die. Curative services are only needed when prevention has been a failure. The

rate of malnutrition in Africa is rising, which does not indicate that they are on the right lines for

prevention whilst the presently malnourished child is institutionally and internationally

neglected and dies.

How to address these problems in the near future? There is an absolute need to make a

‘rapprochement’ between the academic world and the humanitarians in order to improve the

health of the poorest.  The scientific interests in nutrition turn more and more to the Occidental

World. However, the use of such modern technology as the Internet, can be used to develop a

network and training material, which could be diffused throughout the Third world Universities.

This means that the NGOs have to take a leadership role if they want to perform with standards

and best practices and look after the poorest in the absence of interest and mechanisms for

improvement being established by the International agencies.
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Appendix 1: Plan of a typical TFC
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Appendix 2: Example of a TFC’s protocol
CRITERION

* CRITERIA OF ADMISSION
. > or = 6months : W/H < 70%  or oedema or (if >= 75 cm height) : MUAC < 11cm.

* CRITERIA OF DISCHARGE
.>= 6 months : W/H >= 85 % for two consecutive measurements
and            absence of oedema 15 days after the beginning of loss of  oedema

          after two consecutive  measurements.
.and …(if >= 75 cm  in height) : MUAC >= 12 cm

AT ADMISSION
Whilst the child is waiting for the first feed, give:

For MARASMUS with diarrhoea: ReSoMal: 5 ml/kg /hour
For KWASHIORKOR: Water 100 ml with 5 % of sugar: 5 ml/kg/hour

PHASE 1 PROTOCOL
Phase 1

F100: 100 ml/100 Kcal/kg/day
8 FEEDS PER DAY

6 am - 9 am - 12 am - 3 p.m. - 6 p.m. - 9 p.m. - 12 p.m. - 3 am
- Check the immunisation schedule of all the children and give if required

 Measles vaccines
- Give Systematic Treatment with

Vita minimum A <1 yr.  100,000 IU  day 1&2  >1yr  200,000iu  day 1&2
Folic Acid 5 mg one dose on day of admission

Systematic antibiotics: amoxicillin 60 mg / kg / day  in Phase 1
Transition phase

When the child regains appetite
F-100: 130 ml/130 kcal/kg/day for 48 hours

8 FEEDS PER DAY
6 am - 9 am - 12 am - 3 p.m. - 6 p.m. - 9 p.m. - 12 p.m. - 3 am

PHASE 2 PROTOCOL
F100: 200 ml/200 kcal /kg/day per child in 6 Feeds

6 am - 9 am - 12 am - 3 p.m. - 6 p.m. - 9 p.m.
(according to his appetite)

For children > 2years of age, add a porridge
Give systematic treatment

Mebendazole: .1 to 2 years: 200 mg one dose on day 1 of Phase 2
 2 years or more: 200 mg for 3 days

Iron sulphate: 200 mg in 2 litres in F-100 formula
Systematic antibiotics: amoxicillin : 60 mg / kg / day for 4 days.

PHASE 3 PROTOCOL
When the child reaches 80% WHP and

15 days from beginning to loose oedema and two days or more without any oedema
F100: 200 ml/200 kcal /kg/day per child in 6 Feeds

6 am - 9 am - 12 am - 3 p.m. - 6 p.m. - 9 p.m.
(according to his appetite)

Plus 1 enriched Porridge/d/person
For children>10 kg, a family plate is added to the feeds.

Vita minimum A Final dose 3 is given before discharge and a 2nd measles vaccine



219

219

For CHILDREN < 3 KG and MORE THAN 6 MONTHS OLD
PHASE 1

F-100 diluted: 135 ml / Kg / day
As soon as the appetite come back promote to phase 2

PHASE 2
F-100 diluted

From 135 ml/Kg/day to 200 ml/Kg/day, Increase gradually.
Add ferrous sulphate in F100 in phase 2.

When the child reach 4 Kg continue with F 100
PREPARATION OF THE PORRIDGE

Corn Soya Blend: 60g
Plus 10g of oil and 6g of Sugar

Total amount of calories: 342 Kcal
& 36 % fat energy content

& 13 % protein energy content
Add water

Cooking time: 20 minutes.
 Porridge 100ml/100kcal

Give 1 scoop of 300ml per patient
FOLLOW UP AFTER DISCHARGE FROM TFC

After cure, the child should be followed during a 6- month period to avoid relapse. A dry ration should be
given at each visit. The quantity of the ration would decrease steadily according to the time and his
nutritional status. He should come back on regular basis to the reference centre (TFC) where
anthropometric measurements would be taken and recorded in the registration book, such as weight,
height, Muac, oedema, medical examination if necessary, vaccination. Each child referred should have an
individual card for this follow up.
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Appendix 3: “Fiche”
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Appendix 4: Description of the centres

A general description and detailed results of each centre studied are available from the author.

The summary results are given in the main body of the thesis.

The layout of the data for each centre is as followed:

1. A general description of the area and operation,

2. Any results from concurrent surveys done in the general population

3. Details of the protocol variations used.

4. The numbers of patients and their outcomes from the monthly reports

5. The rate of weight loss: a) Overall, b) Percent per day graphed against the number of days

weight loss occurred; c) By oedema status as a rate (g/kg/d) and total weight loss by oedema

status.

6. The rate of weight gain.  This is given in two tables, the first uses the minimum weight as

the divisor and the second uses the ideal weight as the divisor. In each, the rates of weight

gain by the 4 standard methods given in the body of the thesis are presented: a) Linear

regression over 5 days, b) Linear regression over 15 days, c) From minimum to maximum

weight within 21 days of minimum weight, d) From minimum to last weight within 21 days

of minimum weight).  The data are given as MEAN +/- SD +/- SEM.

7. The cumulative weight gain graph. This is normally given a) by oedema status and b) age

group.

8. The cusum.

9. The total length of stay.
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