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Maitland Group, Kilifi, Kenya: 
research over 10 years........... 

Phase I/II trials 

Severe malaria
Sepsis
Severe Anaemia
Severe malnutrition

Shock at hospital admission is:
•Common (10-20%)
•Outcome is poor; case fatality 15-30%
Studies (small):  
 Fluids correct shock 
 evaluated WHICH fluid
 No controlled trial

www.feast-trial.org



Physiological studies: CVP–evidence of hypovolaemia
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Phase II intervention studies-
heart rate and acidosis : response to boluses
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Results:
53 children with severe acidosis received volume resuscitation: 4 deaths (8%) 
No complications of pulmonary oedema/brain swelling
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Choice of fluids for resuscitation: 
a systematic review (world literature)

Akech et al  BMJ 2010

• Colloids marginally favourable (albumin >> other colloids)

• NO CONTROLLED TRIALS!



Controversies and Challenges

Controversies:

• Adult physicians: 
“unethical to give 
fluids in malaria”

• Paediatricians: 
“unethical not to give 
fluids in sepsis”

Challenges
Issues around:

• Informed consent for very 
sick children 

• Blinding 

• Giving fluids without 
intensive care and without 
infrastructure available in 
well-resourced settings



2008
The FEAST trial was funded!!!



Pragmatic trial 

Severe malarial + acidosis  

Undernutrition

Sepsis/shock

Cerebral malariaPneumonia

Meningitis/encephalitis

HIV

Severe malarial anaemia  





Controlled trial of fluid resuscitation
(FEAST A)

Children with impaired 
consciousness and/or 

respiratory distress and 
impaired perfusion

Bolus 5% albumin

20 ml/Kg (40 ml/Kg after 
Aug 2010) over 1 hour

Bolus 0.9% saline

20 ml/Kg (40 ml/Kg after 
Aug 2010) over 1 hour

Control (No bolus)

Maintenance fluids only

Children with respiratory 
distress and clinical 

evidence of impaired 
perfusion

Follow-up to 4 weeks (24 weeks if developed neurological sequelae by 4 weeks)
Clinical assessments at 1, 4, 8, 24, 48 hours and at 4 weeks

Impaired perfusion
Any one of: 
•Cap refill > 2 secs, 
•Severe tachycardia, 
•temperature gradient
•weak pulse

Excluded: Gastroenteritis  Severe malnutrition  Non-medical admission (burns,trauma)





Baseline Characteristics



Primary endpoint: 48 hour mortality

10.5%

7.3% 



Remarkable consistency of adverse outcome of boluses 
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Malaria:

positive

negative

Subtotal  (I-squared = 0.0%, p = 0.691)

Coma:

comatose

not comatose

Subtotal  (I-squared = 74.3%, p = 0.049)

Haemoglobin:

< 5 g/dL

>= 5 g/dL

Subtotal  (I-squared = 2.9%, p = 0.310)

Base deficit:

>= 8 mmol/L

< 8 mmol/L

Subtotal  (I-squared = 14.8%, p = 0.279)

Lactate:

> 5 mmol/L

<= 5 mmol/L

Subtotal  (I-squared = 39.2%, p = 0.200)

Period:

before amendment

after  amendment

Subtotal  (I-squared = 0.0%, p = 0.498)

Subgroup

1.59 (1.10, 2.31)

1.43 (1.01, 2.04)

1.51 (1.17, 1.95)

1.04 (0.73, 1.49)

1.69 (1.21, 2.36)

1.40 (1.10, 1.79)

1.71 (1.16, 2.51)

1.31 (0.93, 1.84)

1.47 (1.14, 1.90)

1.68 (1.18, 2.39)

1.06 (0.50, 2.24)

1.54 (1.12, 2.13)

1.38 (1.05, 1.81)

2.17 (1.14, 4.14)

1.50 (1.17, 1.93)

1.38 (1.05, 1.83)

1.72 (0.98, 3.05)

1.45 (1.13, 1.86)

risk (95% CI)

Relative

110/1202

108/884

218/2086

78/317

143/1777

221/2094

101/655

114/1384

215/2039

128/740

20/659

148/1399

157/764

49/1225

206/1989

172/1691

49/406

221/2097

bolus

Events,

34/591

38/446

72/1037

33/140

43/904

76/1044

30/332

43/683

73/1015

34/330

10/350

44/680

59/395

11/597

70/992

62/844

14/200

76/1044

no bolus 

Events,

1.59 (1.10, 2.31)

1.43 (1.01, 2.04)

1.51 (1.17, 1.95)

1.04 (0.73, 1.49)

1.69 (1.21, 2.36)

1.40 (1.10, 1.79)

1.71 (1.16, 2.51)

1.31 (0.93, 1.84)

1.47 (1.14, 1.90)

1.68 (1.18, 2.39)

1.06 (0.50, 2.24)

1.54 (1.12, 2.13)

1.38 (1.05, 1.81)

2.17 (1.14, 4.14)

1.50 (1.17, 1.93)

1.38 (1.05, 1.83)

1.72 (0.98, 3.05)

1.45 (1.13, 1.86)

risk (95% CI)

Relative

110/1202

108/884

218/2086

78/317

143/1777

221/2094

101/655

114/1384

215/2039

128/740

20/659

148/1399

157/764

49/1225

206/1989

172/1691

49/406

221/2097

bolus

Events,

bolus reduces risk  bolus increases risk 
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Malaria:
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negative

Subtotal  (I-squared = 0.0%, p = 0.691)

Coma:

comatose

not comatose

Subtotal  (I-squared = 74.3%, p = 0.049)

Haemoglobin:

< 5 g/dL

>= 5 g/dL

Subtotal  (I-squared = 2.9%, p = 0.310)

Base deficit:

>= 8 mmol/L

< 8 mmol/L

Subtotal  (I-squared = 14.8%, p = 0.279)

Lactate:

> 5 mmol/L

<= 5 mmol/L

Subtotal  (I-squared = 39.2%, p = 0.200)

Period:

before amendment

after  amendment

Subtotal  (I-squared = 0.0%, p = 0.498)
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1.59 (1.10, 2.31)

1.43 (1.01, 2.04)

1.51 (1.17, 1.95)

1.04 (0.73, 1.49)

1.69 (1.21, 2.36)

1.40 (1.10, 1.79)
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1.50 (1.17, 1.93)

1.38 (1.05, 1.83)
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110/1202

108/884

218/2086

78/317
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215/2039
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bolus

Events,

34/591

38/446

72/1037

33/140

43/904

76/1044

30/332

43/683

73/1015

34/330
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44/680

59/395
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70/992
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76/1044

no bolus 

Events,

1.59 (1.10, 2.31)

1.43 (1.01, 2.04)

1.51 (1.17, 1.95)

1.04 (0.73, 1.49)

1.69 (1.21, 2.36)

1.40 (1.10, 1.79)

1.71 (1.16, 2.51)

1.31 (0.93, 1.84)

1.47 (1.14, 1.90)

1.68 (1.18, 2.39)

1.06 (0.50, 2.24)
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Cut off at 3g

Hb <3g/dl

Hb >=3g/dl

Subtotal  (I-squared = 0.0%, p = 0.450)

Cut off at 4g

Hb <4g/dl

Hb >=4g/dl

Subtotal  (I-squared = 0.0%, p = 0.335)

Cut off at 5g

Hb <5g/dl

Hb >=5g/dl

Subtotal  (I-squared = 2.9%, p = 0.310)

Cut off at 6g

Hb < 6g/dl

Hb >=6g/dl

Subtotal  (I-squared = 0.0%, p = 0.770)

Cut off at 7g

Hb < 7g/dl

Hb >=7g/dl

Subtotal  (I-squared = 0.0%, p = 0.631)

Cut off at 8g

Hb <8g/dl

Hb >=8g/dl

Subtotal  (I-squared = 0.0%, p = 0.722)

Cut off at 9g

Hb<9g/dl

Hb >=9g/dl

Subtotal  (I-squared = 0.0%, p = 0.792)

Cut off at 10

Hb <10g/dl

Hb >= 10g/dl

Subtotal  (I-squared = 0.0%, p = 0.547)

Cut off at 11

Hb <11g/dl

Hb >=11g/dl

Subtotal  (I-squared = 0.0%, p = 0.801)

Subgroup

1.74 (1.02, 2.99)

1.38 (1.03, 1.84)

1.45 (1.13, 1.87)

1.74 (1.11, 2.73)

1.33 (0.98, 1.81)

1.45 (1.12, 1.87)

1.71 (1.16, 2.51)

1.31 (0.93, 1.84)

1.47 (1.14, 1.90)

1.41 (1.01, 1.99)

1.53 (1.04, 2.23)

1.47 (1.14, 1.89)

1.53 (1.11, 2.13)

1.35 (0.90, 2.02)

1.46 (1.13, 1.88)

1.43 (1.06, 1.92)

1.59 (0.97, 2.58)

1.47 (1.14, 1.90)

1.43 (1.08, 1.90)

1.57 (0.87, 2.82)

1.46 (1.13, 1.88)

1.50 (1.14, 1.97)

1.19 (0.60, 2.38)

1.45 (1.13, 1.88)

1.48 (1.14, 1.93)

1.31 (0.52, 3.28)

1.47 (1.14, 1.89)

risk (95% CI)

Relative

53/217

162/1822

215/2039

79/450

136/1589

215/2039

101/655

114/1384

215/2039

114/830

101/1209

215/2039

131/987

84/1136

215/2123

150/1178

65/861

215/2039

172/1368

43/671

215/2039

190/1559

25/480

215/2039

199/1748

16/291

215/2039

bolus

Events,

14/100

59/915

73/1015

21/208

52/807

73/1015

30/332

43/683

73/1015

40/412

33/603

73/1015

43/497

30/548

73/1045

53/595

20/420

73/1015

59/673

14/342

73/1015

62/763

11/252

73/1015

67/872

6/143

73/1015

no_bolus

Events,

1.74 (1.02, 2.99)

1.38 (1.03, 1.84)

1.45 (1.13, 1.87)

1.74 (1.11, 2.73)

1.33 (0.98, 1.81)

1.45 (1.12, 1.87)

1.71 (1.16, 2.51)

1.31 (0.93, 1.84)

1.47 (1.14, 1.90)

1.41 (1.01, 1.99)

1.53 (1.04, 2.23)

1.47 (1.14, 1.89)

1.53 (1.11, 2.13)

1.35 (0.90, 2.02)

1.46 (1.13, 1.88)

1.43 (1.06, 1.92)

1.59 (0.97, 2.58)

1.47 (1.14, 1.90)

1.43 (1.08, 1.90)

1.57 (0.87, 2.82)

1.46 (1.13, 1.88)

1.50 (1.14, 1.97)

1.19 (0.60, 2.38)

1.45 (1.13, 1.88)

1.48 (1.14, 1.93)

1.31 (0.52, 3.28)

1.47 (1.14, 1.89)

risk (95% CI)

Relative

53/217

162/1822

215/2039

79/450

136/1589

215/2039

101/655

114/1384

215/2039

114/830

101/1209

215/2039

131/987

84/1136

215/2123

150/1178

65/861

215/2039

172/1368

43/671

215/2039

190/1559

25/480

215/2039

199/1748

16/291

215/2039

bolus

Events,

bolus reduces risk  bolus increases risk 

1.25 .5 1 2 4

	

Control betterBolus better

Hb 3 g/dl

Hb 11g/dl

Did anaemia affect outcome? 
Each level of Haemoglobin level

Maitland BMC Medicine 2013 



Sepsis: Culture +ve or 
Goldstein et al definition (& malaria negative)

Maitland Unpublished 



Acute Kidney Injury: 
Evidence fluid challenge beneficial?

Maitland Unpublished 

Period	 <8	hours	 8-<24	hrs	 24-<48	hrs	 48	hrs	–	28	days	 Total	

Distribution	of	
deaths	over	time	

50	 31	 12	 15	 108	

%	deaths	with	

BUN≥20	mg/dl	

46%	 29%	 11%		 14%	 100%	

	





Presenting syndromes





Response to fluid boluses



Shock reversal at one-hour&: 
does not predict benefit

		 Bolus	combined	 No	Bolus	 Total
¥
		 Relative	risk*		

No	shock	at	

one	hour	 43/876	(5%)	 8/323	(2%)	 51/1198	(4%)	

1.98		

(0.94-4.17)	

Continued	

shock	at	one	

hour	 141/1180(12%)	 50/701	(7%)	 191/1881(10%)	

1.67		

(1.23-2.28)	

	

&One-hour time point chosen since no difference in deaths in 
bolus vs control arms ie result not influenced by survivorship bias

*p-value for heterogeneity between the two relative risks.  = 0.68
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Hours until death

Cardiogenic (Bolus)

Cardiogenic (No Bolus)

Neurological (Bolus)

Neurological (No Bolus)

Respiratory (Bolus)

Respiratory (No Bolus)

Unknown/Other (Bolus)

Unknown/Other (No Bolus)

Percentage of death in Bolus (B) vs Control (C) with Terminal Clinical Event attributed to:

 Cardiogenic/shock: 4.6%(n=96) B vs 2.6%(n=27) C  [Ratio 1.79 (1.17-2.74) p=0.008]

 Neurological:           2.1%(n=44) B vs 1.8%(n=19) C  [Ratio 1.15 (0.67-1.98); p=0.6]

 Respiratory:            2.2%(n=47) B vs 1.3%(n=14) C [Ratio 1.68 (0.93-3.06); p=0.09]

‘Terminal Clinical Event’: 
Cumulative incidence of mortality for bolus & control arms 

Cardiogenic shock: bolus

Cardiogenic shock: no bolus



Excess mortality in FEAST trial: 
cardiogenic shock 

Back to the drawing board…

Do we a new algorithm to treat 
paediatric shock?



Fluid is a drug



Fluid resuscitation guidelines 



Our current/future research



FEAST TRIAL

Severe
Malnutrition

Gastroenteritis
(hypovolaemic shock)

CAPMAL studyMAPS study AFRIM study

Severe febrile illness 
(sepsis/septic shock)

Unresolved questions arising from FEAST

RESUS trial

Animal 
study

Human studies

Completed
Manuscript in prep 

Data collection 
Analysis underway

Underway 
Analysis and 
Manuscript finalised



FEAST in Sheep

Chief PI John Fraser
Brisbane CRG





Other conditions: fluid bolus

Severe Gastroenteritis

Malnutrition

Surgical Burns



Myocardial Function 
in severe malnutrition

Bernadette Brent

• Detailed assessment comprising:
– Clinical examination

– ECG (including holter ECGs over 7 days)

– ECHO

• Assessment time points:
– Admission

– Day 7 

– Day 28

– Any deterioration

– Any IV fluids



Summary
Shock present?
20 mls/kg 0.9% saline rapidly, repeat x 2 

Rehydration: Plan C 
<30ml/kg over 1 hr then 70ml/kg over 3 
hrs Ringers Lactate (or 5 hrs if <12m)

(no subtraction of bolus volume)

Overall 
No shock: 100 mls/kg ~ 3-5 hrs;  
If shock present:  120-160mls/kg  ~ 4-5 hrs
(approximately 2-3 times a child’s 
circulating volume).

6 hours: If still dehydrated: Restart Plan C



2013: Fluid Boluses continue to be 
recommended in WHO guidelines  



Mortality Excess with Boluses by Shock Definition

FEAST ACCM 
(cold, 
2 signs)

PALS 
2010         
Comp

WHO/ETAT

M
o

rt
al
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y

PALS 
2010           
Decomp NEJM Oct 2011

WHO/ETAT
Mortality
Bolus= 48%
Control=20%



Annual excess mortality of boluses predicted per 1 million doses

Kiguli et al , BMJ 2014

5, 200- 132, 000 excess deaths/year  for 4 million fluid boluses in children 
with severe malaria whilst WHO continue to recommend boluses



Do we need another trial?



We can save lives: 
Achen in full health 3 months later


