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Background



Global Burden of  Diarrheal Disease

 6.5 billion cases of  diarrhea and 1.4 million deaths 
in 2019 (3/4 cases & 2/3 deaths in patients > 5 
years)

Vos T,, et al. Global burden of  369 diseases and injuries in 204 countries and territories, 1990–2019: a systematic analysis 
for the Global Burden of  Disease Study 2019. Lancet. 2020;396(10258):1204–22.



Diarrhea Case Management

 Accurate assessment of  dehydration and 
appropriate rehydration are the most important 
components of  diarrhea management, as both 
under- and over-treatment can have serious 
consequences

Fonseca B, Holdgate A, Craig J. Enteral vs intravenous rehydration therapy for children with gastroenteritis: a meta-analysis 
of  randomized controlled trials. Arch Pediatr Adolesc Med. 2004; 158(483):90.



Dehydration Assessment Tools

 Few empirically derived tools exist for assessing 
dehydration in young children with diarrhea but none 
were validated in low resource settings

 No empirically derived tools exist for assessing 
dehydration in older children or adults

 WHO recommends using a four symptom algorithm 
for assessing dehydration in children and adults, 
developed based on expert opinion but never 
validated against a physiological gold standard

Goldman R, Friedman J, Parkin P. Validation of  the clinical dehydration scale for children with acute gastroenteritis. 
Pediatrics. 2008; 122(545):9.



WHO IMCI Guidelines

Integrated Management of  Childhood Illness Guidelines. WHO 2005.



WHO IMAI Guidelines

Integrated Management of  Adult Illness Guidelines. WHO 2005.



 Continue to breastfeed (infants) 
and offer extra breastmilk

 Continue to feed older patients 
and offer plenty of  extra fluids 
(not specifically ORS)

 Provide instructions to return for 
fever, bloody diarrhea, drinking 
poorly, or diarrhea > 14 days

Plan A: Expectant 
Management



Plan B: Oral 
Rehydration at 
Health Center



Plan C: Intravenous 
Rehydration in Hospital



Measuring Dehydration



• Dehydration = Loss of 
Water/Salt in Diarrhea

• 1 liter of water weighs 
1 kilogram

• Ideal measure =
Healthy Weight – Sick Weight

_______________________________
Healthy Weight

Criterion (Gold) Standard



Criterion (Gold) Standard

• Problem: We don’t 
know the healthy 
pre-illness weight

• Use stable post-
hydration/recovery 
weight instead

• Excellent correlation: 
0.979 - 0.999

Gorelick, M. H., K. N. Shaw, et al. (1997). "Validity and reliability of  clinical signs in the diagnosis of  dehydration in 
children." Pediatrics 99(5): E6. 
Hooper L, et al. Clinical symptoms, signs and tests for identification of  impending and current water-loss dehydration in 
older people. Cochrane Database Syst Rev. 2015;2015:4.
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Brief  ROC Curve Tutorial



Prior Evidence:
Children Under Five Years



Canada
 Derivation study of  102 children age 1-36 months with 

acute diarrhea presenting to single pediatric ED; 10% with 
at least moderate (>6%) dehydration

 Evaluated 12 clinical signs and found combination of  4 
performed the best, with area under ROC curve (AUC) of  
0.83 (95% CI: 0.77-0.88)

Friedman JN, et al. Development of  a clinical dehydration scale for use in children between 1 and 36 months of  age. J 
Pediatr, 2004; 145:201-7.



Canada/Switzerland
 External validation study of  264 children under five 

years with acute diarrhea presenting to 3 hospitals 
in Montreal, Quebec City and Geneva

 CDS was able to classify children relatively well with 
mild dehydration (X2=11,513, p<0.003) and 
moderate dehydration (X2=36,436, p<0.001)

Gravel J, Manzano S, Guimont C, Lacroix L, Gervaix A, Bailey B. Validation multicentrique du score clinique de déshydratation
pédiatrique. Arch Pediatr 2010; 17: 1645–51.



Rwanda
 136 children presenting 

with acute diarrhea to 3 
rural hospitals in Rwanda; 
10% with severe (>9%) 
dehydration or death

 CDS and WHO IMCI 
performed relatively well 
when used by doctors

 When used by nurses, CDS 
and WHO IMCI accuracy 
dropped, with AUC of  0.65  
for WHO IMCI

Levine AC, et al. Prediction of  severe disease in children with diarrhea in a resource-limited setting. PLoS One. 2013 Dec 
3;8(12):e82386. 



Dehydration: Assessing Kids 
Accurately (DHAKA) Study



Study Objectives

 Derive a new clinical diagnostic model for use by 
nurses and other less skilled providers to assess 
the severity of  dehydration in children under five 
years with acute diarrhea in a resource-limited 
setting

 Validate the new model in a new population of  
children and compare its accuracy and reliability to 
the current World Health Organization Integrated 
Management of  Childhood Illness (IMCI) Guidelines



Study Setting and Population

 Provides free care to urban/rural 
population of  17 million people

Inclusion Criteria
 Age 2 to 59 months

 Present at triage with diarrhea

Exclusion Criteria

 Chronic diarrhoea (greater than 
14 days)

 Less than 3 loose stools per 
day

 Clear alternative diagnosis to 
gastroenteritis

 Previously enrolled in DHAKA 
Study



Study Setting

Random Selection/Consent



Baseline Weight



Clinical Exam



Rehydration Unit



Derivation Study Flow 
Diagram

1196 randomly selected for screening

1025 total eligible for enrollment

171 met exclusion criteria:
15 more than 14 days of diarrhea
13 less than 3 loose stools/day

120 diagnosis not gastroenteritis
23 previously enrolled in study

175 refused consent

850 enrolled in study

735 achieved stable weight 
before discharge 115 did not achieve stable weight

771 included in final analysis:
339 no dehydration

347 some dehydration
85 severe dehydration

63 did not return for post-illness weight

52 returned for post-illness 
weight

16 lost weight (excluded)



Clinical Predictors
 General Appearance

 Sunken Eyes

 Heart Rate

 Mucous Membranes

 Radial Pulse

 Respirations

 Skin Pinch

 Tears

 Capillary Refill

 Extremities



Clinical Predictors
 General Appearance

 Sunken Eyes

 Heart Rate

 Mucous Membranes

 Radial Pulse

 Respirations

 Skin Pinch

 Tears

 Capillary Refill

 Extremities

Entered into Models

Rare Predictors (<5% Prevalence) 
Eliminated



Final DHAKA Score
Clinical Sign Finding Score

General Appearance Normal 0

Restless/Irritable 2

Lethargic/Unconscious 4

Respirations Normal 0

Deep 2

Skin Pinch Normal 0

Slow 2

Very Slow 4

Tears Normal 0

Decreased 1

Absent 2



Accuracy of  DHAKA Score
Severe Dehydration Some Dehydration

Levine AC, et al. Empirically Derived Dehydration Scoring and Decision Tree Models for Children With Diarrhea: 
Assessment and Internal Validation in a Prospective Cohort Study in Dhaka, Bangladesh. Glob Health Sci Pract. 
2015 Aug 18;3(3):405-18. 



DHAKA Score Test 
Characteristics

Sensitivity Specificity LR+ LR-

Severe 
Dehydration 
(cutoff  > 4)

87% 57% 2.0 0.23

Some 
Dehydration
(cutoff  > 2)

83% 52% 1.7 0.33

Levine AC, et al. Empirically Derived Dehydration Scoring and Decision Tree Models for Children With Diarrhea: 
Assessment and Internal Validation in a Prospective Cohort Study in Dhaka, Bangladesh. Glob Health Sci Pract. 
2015 Aug 18;3(3):405-18. 



Validation Study Flow Diagram



 Accuracy
 DHAKA score ordinal c-index: 0.82 (95% CI: 0.78, 0.85)

 WHO algorithm ordinal c-index: 0.76 (95% CI: 0.73, 0.79)

 DHAKA  outperformed IMCI (p<0.001)

 Reliability
 DHAKA score weighted kappa statistic: 0.92 

 WHO algorithm weighted kappa statistic: 0.81

 Bottom Line
 Universal use of  the DHAKA score would detect an 

additional 436,400 cases of  severe dehydration in young 
children currently being missed by WHO IMCI

DHAKA Score vs. WHO IMCI

Levine AC, et al. External validation of the DHAKA score and comparison with the current IMCI algorithm for the assessment of
dehydration in children with diarrhoea: a prospective cohort study. Lancet Glob Health. 2016 Oct;4(10):e744-51. Lamberti L, Fischer 
Walker C, Black R. Systematic review of diarrhea duration and severity in children and adults in low- and middle-income countries. 
BMC Public Health. 2012;12:276.





Novel, Innovative Research 
for Understanding 

Dehydration in Adults and 
Kids (NIRUDAK) Study



Study Objectives
Specific Aim 1

• Employ machine learning 
techniques to derive and 
internally validate age specific  
clinical diagnostic models for 
assessing dehydration severity 
and volume deficit in patients 
over five years of age

• Conduct various secondary 
analyses, including for cholera 
patients specifically

Specific Aim 2a

• Utilize formative research to
develop a new mHealth tool

Specific Aim 2b

• Validate the accuracy, 
reliability, and usability of  
the newly developed and 
refined mHealth tool



Study Setting and Population

Inclusion Criteria
 Age over 5 years

 Present at triage with 
diarrhea

Exclusion Criteria

 Chronic diarrhoea (greater 
than 7 days)

 Less than 3 loose 
stools/day

 Clear alternative diagnosis 
to gastroenteritis

 Previously enrolled in 
NIRUDAK Study

Patients randomly selected at triage, 24 
hours/day, 7 days a week, and consented



Data Collection



Analysis of  Outcomes

Analysis of  Outcome: Percent Dehydration

Percent 
Dehydration

Post-Illness Weight – Admission Weight
_______________________________

Post-Illness Weight
= X 100

Dehydration Category 

• Severe Dehydration: >9% 

• Some Dehydration: 3 – 9%

• No Dehydration: <3%

Analysis of  Outcome: Volume Deficit

Volume 
Deficit 

= Percent Dehydration X Healthy 
Weight 



Derivation Study Flow 
Diagram



Derivation of  Clinical Diagnostic Models
Age Specific Models

• Older Children: 5 – 19 years
• Adults: 20 – 59 years
• Older Adults: 60+ years

Forward Stepwise Regression Techniques
• Explored models with and without interactions and cubic splines
• Selected the best model size via 10-fold cross validation
• Optimal model size was chosen with lowest average log likelihood
• Final model developed by applying forward stepwise regression to dataset

Ordinal regression models to predict 
dehydration severity (none/some/severe)

Full NIRUDAK Model
• Age
• Sex
• 16 Clinical Predictors

Simple NIRUDAK Model
• 9 clinical predictors (no 

equipment required)

Data Analysis

Linear regression models to predict 
total fluid volume deficit (in liters)



Final Variables Selected
Full Model Older Child 

(5-19)
Adult

(20-59)
Older Adult

(60-100)
Simple 
Model

Skin Pinch Skin Pinch Skin Pinch Skin Pinch Skin Pinch

Eye Level Eye Level Eye Level Eye Level

Respiration 
Depth

Respiration 
Depth

Respiration 
Depth

Respiration 
Depth

# Vomiting 
Episodes

# Vomiting 
Episodes

# Vomiting 
Episodes

Systolic BP Diastolic BP Systolic BP Systolic BP

Heart Rate Radial Pulse

MUAC MUAC MUAC MUAC

Sex Diarrhea 
Duration

Sex

Age # Diarrhea 
Episodes

Urine Output



Qualitative Methods: 
Formative Research

 8 focus groups Nov & Dec 2020
 4 with physicians & 4 with Nurses

 4 at icddr,b & 4 at district/subdistrict hospitals

 Focus groups conducted via zoom, in Bangla, with 
facilitation by icddr,b research partners

 Framework matrix analysis for app development

 Data collected on:
 Optimal User Interface and Output Screens

 Balance of  sensitivity versus specificity

 Additional components (danger signs, antibiotics, etc)



OR

Clinical Decision Support Tool

OR

DHAKA Model
(under 5 years) 

NIRUDAK Model
(over 5 years) 

www

www.FluidCalc.org





Simplified NIRUDAK Score



Validation Study Flow 
Diagram



Accuracy of  NIRUDAK Models 
for Severe Dehydration

Levine AC, et al. Derivation of  the First Clinical Diagnostic Models for Dehydration Severity in Patients over Five Years with 
Acute Diarrhea. PLoS Negl Trop Dis. 2021 Mar 10;15(3):e0009266. 



NIRUDAK Score vs WHO IMAI 
Test Characteristics

NIRUDAK WHO

Sensitivity Specificity
Sensitivit

y
Specificity

Severe 
Dehydration

83% 52% 77% 51%

Some 
Dehydration

90% 30% 93% 19%



 Accuracy for Predicting Dehydration Category
 Full NIRUDAK ORC: 0.74 (95% CI: 0.71, 0.77)

 Simple NIRUDAK ORC: 0.75 (95% CI: 0.71, 0.78)

 WHO IMAI ORC: 0.64 (95% CI: 0.61, 0.67)

 Reliability
 Full NIRUDAK ICC: 0.98 (95% CI: 0.97, 0.98)

 Simple NIRUDAK ICC: 0.94 (95% CI: 0.93, 0.95)

 WHO algorithm ICC: 0.56 (95% CI: 0.52, 0.60)

 Bottom Line: universal use of  NIRUDAK models would:
 Detect an additional 142,500-171,000 patients per year 

with severe dehydration that WHO IMAI would miss

 Prevent overtreatment of  627–912 million patients per 
year without any dehydration

NIRUDAK vs. WHO IMAI





Questions?



United States

 113 children under 18 years 
presenting to single pediatric 
ED; 10% had moderate (>6%) 
dehydration by gold standard

 WHO IMCI was not a 
significant predictor of  
moderate dehydration

 CDS performed better, with 
significant AUC of  0.72 for 
predicting moderate 
dehydration

Jauregui J, et al. External validation and comparison of  three pediatric clinical dehydration scales. PLoS One. 2014 May 
2;9(5):e95739. 



Table 1: DHAKA Derivation



Table 1: DHAKA Validation



Accuracy of  DHAKA Score
Severe Dehydration Some Dehydration

Levine AC, et al. External validation of  the DHAKA score and comparison with the current IMCI algorithm for the 
assessment of  dehydration in children with diarrhoea: a prospective cohort study. Lancet Glob Health. 2016 

 



Clinical Predictors


		

		Sensitivity

		Specificity

		PPV

		NPV

		LR+
(95% CI)

		LR−
(95% CI)

		Reliability



		General Appearance

		

		

		

		

		

		

		0.95



		Restless/irritable

		0.81

		0.67

		0.72

		0.77

		2.4
(2.0, 2.9)

		0.28
(0.21, 0.37)

		



		Lethargic/unconscious

		0.73

		0.69

		0.28

		0.94

		2.3
(1.9, 2.9)

		0.39
(0.27, 0.58)

		



		Skin Pinch

		

		

		

		

		

		

		0.85



		Slow

		0.84

		0.68

		0.73

		0.80

		2.6
(2.2, 3.2)

		0.23
(0.17, 0.31)

		



		Very slow

		0.40

		0.88

		0.35

		0.90

		3.3
(2.2, 4.8)

		0.68

 (0.56, 0.83)

		



		Tears

		

		

		

		

		

		

		0.63



		Decreased

		0.83

		0.47

		0.62

		0.73

		1.6
(1.4, 1.8)

		0.36
(0.27, 0.49)

		



		Absent

		0.29

		0.90

		0.32

		0.88

		2.8
(1.8, 4.5)

		0.79

(0.68, 0.92)

		



		Respirations

		

		

		

		

		

		

		0.77



		Normal

		0.67

		0.81

		0.79

		0.70

		3.5
(2.7, 4.6)

		0.41
(0.34, 0.49)

		



		Deep

		0.36

		0.92

		0.41

		0.90

		4.2
(2.7, 6.6)

		0.70 

(0.59, 0.84)

		



		Eyes

		

		

		

		

		

		

		0.67



		Sunken Eyes

		0.95

		0.26

		0.57

		0.83

		1.3
(1.2, 1.4)

		0.20
(0.11, 0.35)

		



		Sunken Eyes

		0.59

		0.82

		0.34

		0.92

		3.2
(2.4, 4.2)

		0.51

(0.38, 0.67)

		



		Thirst

		

		

		

		

		

		

		0.19



		Drinks eagerly, thirsty

		0.93

		0.21

		0.55

		0.74

		1.2
(1.1, 1.3)

		0.34
(0.20, 0.56)

		



		Not able to drink or drinking poorly

		0.13

		0.96

		0.36

		0.87

		3.4
(1.6, 7.4)

		0.91

(0.83, 0.99)

		









DHAKA Subgroup Analysis 
by Diarrhea Type

Skrable K, et al. The Effects of  Malnutrition and Diarrhea Type on the Accuracy of  Clinical Signs of  Dehydration in 
Children under Five: A Prospective Cohort Study in Bangladesh. Am J Trop Med Hyg. 2017 Nov;97(5):1345-1354. 



   
Derivation



Table 1: NIRUDAK 
Validation



Clinical Predictors



Accuracy of  NIRUDAK Models 
for Severe Dehydration

AUC = 0.79 (95% CI: 0.76-0.82) AUC = 0.73 (95% CI: 0.70-0.76)

Levine AC, et al. Derivation of  the First Clinical Diagnostic Models for Dehydration Severity in Patients over Five Years with 
Acute Diarrhea. PLoS Negl Trop Dis. 2021 Mar 10;15(3):e0009266. 



NIRUDAK Outperforms WHO



NIRUDAK Usability



NIRUDAK Subgroup 
Analysis

p<0.001 for all comparisons

Gainey M, et al. Assessing the Performance of  Clinical Diagnostic Models for Dehydration among Patients with Cholera and 
Undernutrition in Bangladesh. Tropical Medicine and International Health, 2021; 00: 1-14. 
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