
!

MCRI 

Prof Kathryn Maitland 
on behalf of the GASTRO team



Gastroenteritis

• 2.5 billion cases worldwide in children under 5years

• Second biggest killer of children in this age group

• Children hospitalised in LIMC with GE are 8.5 times more 

likely to die than their non-GE counterparts

• A third of the fatalities occurred <7 days following admission

• Are initial treatment recommendations working in practice?



GE fluid management: according to severity of dehydration 

Kenya 13 hospitals CIN report

• GE+ Severe dehydration : n=8562

➢ Mortality 9% (759 died)

➢ If shock present mortality 34%

➢ Indicated not getting fluid management risk 

factor: confirmation bias?

Lancet CAH 2018



Rehydration guidelines: WHO Plan C



Current Guidelines (WHO 2013)

‘Plan C’

100mls/kg Ringers Lactate
~ vol to correct ‘10% dehydration’ 
2-staged approach
2-rates according to age



The devil is in the detail....3 charts later.....

Up to 3 boluses of 20mls/kg



WHO Plan C (in all its glory)

Integrated management of dehydration?

Chart 2 (Triage Page 6)

Chart 7  (Shock treatment Page 13)

Chart 8 ( kids with SAM; Page 14) 

Chart 11 (Post shock Rx) Page 17

Chart 13  (WHO Plan C Page 141)

Lets do the Math:
Shock + Dehydration
Correctly followed 90-130mls/kg < or =6 hrs
Incorrectly followed 120-160mls/kg <or =6 hrs
Dehydration alone
100mlg/kg in 3-6 hours (age-dependent)

Math did not include this bit!
Suggests to go back to start of Plan C again!



Evidence for rehydration guidelines (worldwide!!)

Systematic review - 3 studies - total of 464 patients
➢ No study conducted in LIMC settings
➢ In none of the 3 studies were there any deaths 



Fast track;  May 2011

Submitted to NEJM April 15th: 3 months after IDMC stop
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• 120 children aged 2 mths to 12 yrs: GE complicated by severe dehydration 
• Kilifi, Kenya Mbale & Soroti Uganda
• RCT comparing Plan C (aggressive) versus slow rehydration 



Trial Flow



Baseline parameters
WHO plan C GASTRO slow Total

Number 61 61 122

Female - n (%) 23 (38) 27 (44) 50 (41)

Age (months) - Median (IQR) 9 (6-12) 8 (6-12) 8 (6-12)

Weight (kg) -Median (IQR) 7.7 (6.8, 8.3) 7.3 (6.8,8.3) 7.5 (6.7-8.3)

Axillary temperature °C  Median (IQR) 37.6 (37.0, 38.2) 37.8 (37.2, 38.3) 37.7 (37.0, 38.2)

<36 - n (%) 1 (2) 1 (2) 2 (2)

>37.5 - n (%) 32 (52) 37 (61) 69 (57)

Sunken eyes - n (%)

Slightly sunken 17 (28) 18 (30) 35 (29)

Very sunken 44 (72) 42 (69) 86 (70)

Decreased skin turgora - n (%) 32 (52) 34 (56) 66 (54)

Heart rate Median (IQR) 145.0 (138.5, 159.0) 149.5 (140.5, 160.5) 148 (139, 160)

Systolic blood pressure Median (IQR) 90 (85, 95) 89 (85, 96.5) 89 (85, 96)

Mod – severe hypotension – n (%) 3 (5) 5 (8) 7 (6)

Capillary refill time Median (IQR) 1 (1, 1) 1 (1, 1) 1 (1, 1)

≥3 - n  (%) 5 (8) 3 (5) 8 (7)

No. with weak pulse n (%) 6 (10) 7 (11) 13 (11)

No. with temperature gradient  n (%) 11 (18) 10 (16) 21 (17)

Respiratory rate Median (IQR) 40 (37, 48) 44 (40, 50) 43 (38, 49)

Respiratory distress - n (%) 5 (8) 9 (15) 14 (11)

Oxygen saturation Median (IQR) 98 (97, 99) 98 (97, 98) 98 (97, 99)

Conscious level n (%)

Alert 12 (20) 16 (26) 28 (23)

Lethargic 35 (57) 30 (49) 65 (53)

Prostrate 13 (21) 13 (21) 26 (21)

Coma 1 (2) 2 (3) 3 (2)

No. with fits or convulsions – n (%) 1 (2) 0 (0) 1 (1)
aRecoil from skin pinch >2 seconds



Laboratory parameters

Admission Laboratory Plan C GASTRO slow Total

N 53 50 103

Sodium Median (IQR) 139 (132, 149) 143 (137, 156) 142 (136, 154)

Hyponatremia (<135 mmol/L)  - n (%) 16 (30) 8 (16) 24 (23)

Hypernatremia (>145 mmol/L) - n (%) 15 (28) 23 (46) 38 (37)

Severe hypernatraemia >150 mol/L- n (%) 11 (21) 16 (32) 27 (26)

Hypokalaemia (<3.5 mmol/L) - n (%) 11 (21) 8 (16) 19 (18)

High Creatinine (>74mmol/L) - n (%) 11 (21) 12 (24) 23 (23)

High Urea (>6.4 mmol/L) - n (%) 26 (49) 26 (52) 52 (50)

Glucose Median (IQR) 5.4 (4.9, 6.3) 5.3 (4.4, 6.9) 5.4 (4.7, 6.8)

Lactatea Median (IQR); N 1.2 (1.0, 2.1); 29 1.3 (1.1, 1.7); 27 1.3 (1.0, 1.7); 56

High Lactate >3 mmol/l - n (%) 4 (14) 0 (0) 4 (7)



Volumes and rates of fluid given by study arm

8 Hours Primary endpoint 

Good Adherence to Fast (by age red and Blue Versus Slow (green)



Primary Outcome: Safety Endpoints

WHO Plan C

n = 61

GASTRO slow

n = 61

Number of SAEs 3 (4.9%) 3 (4.9%)

Outcome of SAE

Resolved 1 1

Died 2 (3.3%) 2 (3.3%)

Relationship to study fluid

Unlikely to be related 2 3

Probably related 1 0

Nature of event

Pulmonary oedema 0 1

Cardiovascular collapse 2 1

Other:

Seizures 1 1



Biochemistry over time

At 8 hours Plan C GASTRO slow Total

N 50 52 102

Sodium Median (IQR) 142 (135, 147) 142 (138, 148) 142 (136, 148)

Hyponatremia (<135 mmol/L) - n (%) 12 (24) 6 (12) 18 (18)

Hypernatremia (>145 mmol/L) - n (%) 17 (34) 19 (37) 36 (35)

Severe hypernatraemia >150 mol/L - n (%) 7 (14) 10 (19) 17 (17)

At 24 hours 

N 41 45 86

Sodium Median (IQR) 142 (138, 154) 143 (138, 156) 143 (138, 155)

Hyponatremia (<135 mmol/L) - n (%) 7 (17) 5 (11) 12 (14)

Hypernatremia (>145 mmol/L) - n (%) 16 (39) 18 (40) 34 (40)

Severe hypernatraemia >150 mol/L - n (%) 12 (29) 16 (36) 28 (33)

No statistical difference in any of the parameters



Secondary endpoints

No statistical difference
in any of  20 endpoints



Accuracy of signs of severe dehydration (~10% loss)*

WHO plan C GASTRO slow Total

N 58 57 115

Mean (sd) 6 (6) 7 (6) 7 (6)

Median (IQR) 6 (2, 11) 5 (3, 10) 6 (2, 11)

0-5% - n (%) 24 (41) 28 (42) 52 (45)

5-10% - n (%) 17 (29) 13 (23) 30 (26)

10% - n (%) 17 (29) 16 (28) 33 (29)

* Relevance
• On Day 7 all children (without on going losses) were reweighed. 
• Day 7 weight was a proxy for pre-illness weight 



Findings

• Hypernatraemic dehydration is more common that considered in current guidelines: but 

appeared to safely managed in trial on same regime

• Accuracy of signs of dehydration: only  30% actually had 10% loss

• Slow rehydration (no boluses) safe and easier to implement than Plan C

• Adherence to WHO Plan C required lots of training and monitoring

➢Lots of children  screened ‘not eligible’ as just qualified as severe malnutrition due to 

10% dehydration (MUAC and WHZ) but once rehydrated no longer classified as SAM

Implications for evidence

• Emergency treatment (bolus) plus WHO Plan C may result in large volumes given over short 

period time (very low quality of evidence)

• Poor outcomes, evidence base and new findings: rationale for a Phase III trial  



✓ Slower rehydration is  safe and  easier to implement than two stage WHO Plan C
✓ Need for Phase III RCT that includes both SAM and non-SAM

GASTRO Trial RCT



SAM: WHO guideline highlight cardiac compromise 

Over the last 2 decades guidelines not changed/update suggesting:

➢Heart is ‘shrunken’

➢Unable to cope with volume (intravenous)

➢Children with SAM are sodium overloaded

➢IV infusions can precipitate heart failure (including severe dehydration)

➢Children with kwashiorkor are particularly at risk

➢At risk of refeeding syndrome (cardiac arrhythmias)

➢Expert opinion; low quality of evidence AND NOT UPDATED with evolving research



Highly accessed and shared 
by MSF and relevant agencies



Cases (severe malnutrition) vs controls: 
no difference in SAM versus nonSAM (controls)



SAM
N=81

Control
N=22

P 
value

SAM
N=80

Control
N=18

P 
value

SAM
N=57

Control
N=19

P value

Median
(IQR)

1333
(1133, 
1752)

677 
(622, 
910)

<0.00
1

1097
(939,
1472)

703
(510, 
836)

<0.00
1

1043
(926,
1443)

674
(495, 
944)

<0.001

High 28 (35%) 0 (0%) 0.002 11 (15%) 0 (0%) 0.084 7 (12%) 1 (6%) 0.495

Low 5 (6%) 13 (62%) <0.00
1

6 (8%) 10 (56%) <0.00
1

6 (11%) 9 (56%) <0.001

Admission Day 7 Day 28

Systemic Vascular Resistance: marker of filling
Higher levels of SVRI in SAM==evidence of underfilling



Response to fluid rehydration therapy? 

Over time SVRI improved/normalized; Stroke volume improved with iv fluids 
Frank Starling Curves= Fluid responsive 

Bottomline: 
✓ No child developed cardiac overload or received diurectics: 
✓ All cardiac parameters showed a positive response to fluids



In conclusion

• We found no evidence that children with SAM were more 
likely to have cardiac dysfunction or arrhythmias than matched 
controls,

• Nor that the cardiovascular profile of marasmus differed from 
kwashiorkor. 

• No evidence for clinical cardiac failure or  sudden death from 
arrhythmias in our study. 

• Appropriate physiological response observed to IV fluids are 
better tolerated than current guidelines suggest 



Largest study 
of myocardial function 
in SAM (n-272)



Why does this matter?

WHO Guidelines:

• “Giving iv fluids put SAM children at risk of overhydration
and complications like heart failure”. ?

• SAM Children with  acute diarrhoea and severe dehydration are 
not given IV fluids, only those with signs of decompensated 
shock.

• 15mls/kg Half strength Ringers lactate, half strength Darrow’s 
solution in 5% dextrose or 0.45% saline are the recommended 
solutions



2003 20121999



 

 
Dehydration dCRT>2s Case fatality

signs  with dCRT

yes 180 (49%) yes 76 (42%) 29 (38%)

yes 370 (41%) no 104 28 (27%)

no 190 (51%) yes 26 (14%) 7 (27%)

Diarrhea no 164 34 (21%)

yes 75 (14%) yes 20 (27%) 10 (50%)

no 535 (59%) no 55 15 (27%)

no 460 (86%) yes 85 (19%) 14 (17%)

no 375 37 (10%)

Observational Study :  indicates high risk group 
diarrhoea & dehydration
’

Maitland PLoSMed 2006

Contradicts WHO indicate that diarrhoea of ‘minor consequence



➢ WHO guidelines indicate that loose stools/diarrhoea is common but is not clinically relevant

This paper showed that 

• 49% children with SAM admitted with had diarrhoea 

• Further 16% developed diarrhoea with 48hours of admission (18% mortality)

• Mortality with any diarrhoea (19%) vs no diarrhoea (9%), Chi squared = 16.6, p<0.001

➢ KEY RISK FACTORS FOR DEATH: BACTERAEMIA (largely gram negative) AND SIGNS OF SEVERE DEHYDRATION



Four studies were identified including 883 children conducted in low resource settings. 
2 were RCT 2 two observational cohort studies, 1 incorporated assessment of myocardial function (AFRIM). 

No evidence of fluid overload or other fluid-related adverse events,
In African children Mortality was high overall, particularly in children managed on WHO protocol (day-28 mortality 82%). 

There was no difference in safety outcomes when different rates of intravenous rehydration were compared.
Conclusions: The current ‘strong recommendations’ for conservative rehydration of children with SAM 
are not based on emerging evidence.







Conclusions

• Mortality – High overall including those children managed 
using WHO recommendations.

• No evidence of fluid overload found in any of the studies

• Neurological compromise not reported

• Cardiovascular compromise
• Persistent low systolic BP and weak pulse associated with 

increased mortality

• No evidence of biventricular heart failure found



Funded by MRC JGHT 2018

Severe Acute Malnutrition

MUAC <115mm OR WHZ<-3 OR signs of kwashiorkor

And diarrhoea (3 or more watery stool)  with severe or moderate (some) dehydration

Age: 6 months to 5 years

Slow

100mls/kg over 
8 hours of

Ringers lactate

WHO ORS

Stratum A: Severe dehydration*
RANDOMISE: R1

Ratio: 1:1:2
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RANDOMISE: R2

Ratio: 1:1

ReSoMal

Assessment	of	severity	of	dehydration	as	per	WHO	2013	Pocketbook
*All	children	receiving	IV	fluids	for	severe	dehydration	(R1)	will	also	be	randomised	for	oral	rehydration	(R2).	
#All	children	who	present	with	‘some’	dehydration	will	be	randomised	as	per	R2.	If	they	go	on	to	develop	
severe	dehydration	during	admission,	they	will	follow	current	WHO	SAM	guidelines.

Step 1: 30mls/kg

over 30mins (>1yr)/
1 hr (<1 yr)

Step 2: 70mls/kg

over 2.5hrs (>1yr)/   

5hrs (<1yr)

All Ringers lactate
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WHO Plan C : 

20mls/kg Ringer’s 

lactate as rapidly as 

possible then direct to 

Step 2 below 

(exclude step 1)

Stratum B:

Some dehydration#
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No additional 

treatment for 
shock 

No IV 

rehydration 

treatment 

(ORS only)

WHO SAM: 

15mls/Kg Ringers 

lactate over 1hour, 

repeated once if 

needed.Started enrolment 
August 2019


