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Appendix K: Excluded clinical studies

Assessment and monitoring

Methods of assessing IV fluid requirements
Body weight versus body surface area

Table 1: Studies excluded from the clinical review
Reference Reason for exclusion

Bowser1986A*° Resuscitation strategy is based on % area of burns in burn patients.
Outcomes are not relevant to review question.

Methods of calculating IV fluid requirements
Measurement and documentation

Table 2: Studies excluded from the clinical review

Reference Reason for exclusion

Bekhof2013*° Incorrect comparison; the study looks at fluid balance sheet compared to
no fluid balance sheet, therefore does not look at the included
components

Perelman 1966

Perelman 1964

Incorrect study design (example of revised intake and output charts)

197 Incorrect study design (example of revised intake and output charts)

Bryan 2004 Incorrect intervention (patient’s diaries of 2 fluid volume charts for mean
voided volume; no details of fluid volume charts)

Laboratory-based methods versus point-of-care testing

None
Assessing dehydration and hypovolaemia

Table 3: Studies excluded from the clinical review

Reference Reason for exclusion

Akpede 1995° Study compares implementation of oral rehydration programmes. Audit.

Bonadio 1989 Non-comparative study. Validation for blood urea nitrogen measure.

Burge 1993% Non-comparative study

Caravaca 2011%° Non-comparative study. Non-specified intervention (multi-frequency
bioimpedance).

Dawson 1991°%° Non-comparative study measuring factors associated with dehydration

Duggan 19967 Non-comparative study

Durukan 2009"* Non comparative study. Validation of shock index.

Goldman 2008% Validation study for clinical assessment tool

Gorelick 1997’ Non-comparative study

Gross 1992% Non-comparative study

National Clinical Guideline Centre, 2015
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Reference
Hayajneh 2010
Hooper 2012"%
Kc 2006

Liebelt 1998

104

140

Logan-sprenger 2013

Mackenzie 1989"*
Molaschi 1997*%

Morrison 2011
Munoz 2013
Perren 2011

165

199
Perrier 2013°%

Pruvost 2013°™°

Schriger 1991**°
Shaoul 2004
Shimizu 2012
Steiner 2004°*
Tam 2014°%°

Teach 1997
Ugale 2012°%°

239

262

Van dommelen 2014%%°

Vega 1997°"
Vila 1998°"
Wakefield 2008
Yilmaz 2002

277

Reason for exclusion

Diagnostic accuracy study for clinical signs of dehydration
Study protocol

Non-comparative case series

Narrative review

Incorrect population. Healthy adults.

Diagnostic study of factors associated with dehydration
Non-comparative study

Conference abstract

Incorrect population. Healthy adult population.

Non-comparative. Does not fit population or study protocol. Assessing
fluid balance sheet.

Non-comparative biochemical study

Validation study of post-illness weight as a marker of dehydration. Non-
comparative.

Non-comparative validation study for capillary refill

Study compares laboratory and non-laboratory assessments
Diagnostic accuracy study

Narrative review

Study correlates laboratory markers with levels of dehydration
Diagnostic accuracy of laboratory measures

Non-comparative study. Measures association between laboratory
assessment and dehydration.

Non-1V fluid population

Diagnostic accuracy study. Non-comparative.
Non-comparative study

Compares long-term outcomes following dehydration

Non-comparative study

K.2 IV fluid therapy for fluid resuscitation

K.2.1 Fluid type for fluid resuscitation

Table 4: Studies excluded from the clinical review
Reference Reason for exclusion
Akech 2010°
Akech 2010A*

Incorrect comparison (hydroxyethyl starch [HES])

Incorrect interventions. Study compares Ringer’s lactate solution and
half-strength Darrow's solution with dextrose in sepsis population.

Alejandria 2009
Allison 1999°
Aukerman 1998"
Awad 2012*
Baibarina 2010°*

Systematic review of crystalloids versus colloids

Incorrect population (adults)

Incorrect study design (retrospective case-controlled study)
Incorrect population (adults)

Incorrect comparison (HES 6% but patients are not hypovolaemic);
abstract

Bocanegra 1966
Boldt 1993*°

Incorrect population (adults)

Article withdrawn from literature

National Clinical Guideline Centre, 2015
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Reference

Bowser-Wallace 1986

Brutocao 1996"

Bulger 2008
Bulger 2010*
Bulger 2011%
Chaudhary 2008
CHEST 2011
Cifra 2003>*

Collis 1999°’
Deorari 1995°
Faraklas 2011”*
Ford 2012”

Gattas 2013’

Goodwin 1983%¢
Guidet 2007%°
Gutierrez-Alvarez **

Haas 2007

Hall 1973%*
Hanart 2009%°
Hans 2000%°

Hartog 2011'%

James 2011

Kalayanarooj 2008'"°

Lawrence 2010™*
Levy 2013"°

Liet 2003+

Liet 2006'*

Liet 2006
Lynch 2002
Lynch 2008
Mahajan 2012

142

147
146
150
Mahler 2011%*
Maitland 2003
Maitland 2004
Maningas 1989
Mattox 1991
Modi 2012

153,230

154

156

Reason for exclusion
Same study population as study already included

Study does report appropriate outcomes. Reports on surrogate measures
including clinical bleeding and laboratory measures including fibrinogen.

Incorrect age group (adult study)

Incorrect population (adults)

Incorrect population (children and adult data not separated)
Incorrect comparison (HES)

Incorrect study design (protocol for a RCT)

Incorrect comparison (HES)

Inappropriate study design. Retrospective cohort study.
Incorrect intervention (plasma)

Incorrect study design (retrospective cohort study)

Systematic review and meta-analysis. Included studies do not meet our
protocol.

Systematic review is not relevant to review question or unclear PICO.
Considers HES (130/0.4 and 130.42) in adults.

Incorrect population (adults)
Incorrect study design (non-RCT registry data)
Foreign language systematic review

Study reports surrogate measures following IV treatment (coagulation
and laboratory testing). Not specific to protocol.

Incorrect study design (control trial, not randomised)
Incorrect comparison (HES)

Inappropriate comparison. Compares albumin with unstated control
treatment. Outcomes do not match protocol.

Systematic review is not relevant to review question or unclear PICO.
General synopsis of the use of colloids in the population.

Incorrect population (adults)

Patients received sodium chloride prior to entering trial. Not first line.
Incorrect population (adults) and incorrect study design (retrospective)
Incorrect comparison

Outcomes not appropriate. Measures haemodynamic response to fluid
and incidence of creatininemia.

Incorrect comparison (HES). Incorrect population (pre-term neonates).
Incorrect population (gestational age is below 30 weeks)

Abstract

Incorrect population (premature babies; gestational age is 30 weeks)

Indirect population. Study compares Ringer's lactate solution and normal
sodium chloride for dehydration.

Incorrect population (adult)

Incorrect study design (phase | study, not an RCT)
Incorrect study design (prospective cohort study)
Incorrect population (adults)

Incorrect population (adults)

Incorrect population (adult)

National Clinical Guideline Centre, 2015
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Reference
Mulavisala 2012
Mullett 2002’
Neff 2003

166

Nguyen 2006 74

Niermeyer 2006
Niang 2010""*

175

Northern Neonatal Nursing
Initiative Trial Group (ANON)

1996A*
Oca 1999
Oca 2003
Olupot-Olupot 2012
Orgev 1969 **
Osborn 2004
Osthaus 2009
Perel 2013'*°
Phin 2003°”

182

183

190

192

Pockaj 1994°%

Ranucci 2013*"*

Recinos 1975
Riegger 2002°*®

214

Rother 1994

Rothmaier 1995*%

Rueddel 20127

Stoddart 1996°>°

Russell 2004*%

Schroth 2006°*°

Senagore 2009°*
Shatney 1983°%
Shaw 20127%
Simbruner 2003
Simma 1996°*
Simma 2001
So 1997°*
Standl 2008
Standl 2009
Stockwell 1992
Stockwell 1992

241

242

247

248

251

252

Reason for exclusion
Incorrect comparison (HES)
Unable to obtain paper

Incorrect interventions. Compares 2 HES products (6% HES 130/0.4 versus
HES 200/0.5).

Incorrect study design (non-RCT)
Narrative review
Incorrect study design (mini review)

Incorrect population (pre-term babies)

Unable to obtain paper

Incorrect population (under 28 weeks gestational age)
Abstract for Maitland 2011

Incorrect study design. Non-RCT.

Incorrect population; Cochrane review in pre-term infants
Study population and results included under Witt 2009
Cochrane review of studies with adults and children

Incorrect population. Population undergoing replacement strategy. One
of the intervention groups required naso-gastric administration (non-1V).
Non-specific outcomes.

Incorrect study design (prospective cohort study); incorrect population
(adults).

Lecture abstract. Compares crystalloids and colloids.
Incorrect study design (prospective cohort study)

Incorrect intervention (additional albumin to EC prime compared to
crystalloid prime solution)

Retrospective cohort study. Non-RCT.

No relevant outcomes; serum preparation for partial exchange
transfusion

Incorrect population (systematic review and meta-analysis where children
and adult data not separated)

No outcomes matching protocol
Incorrect population (meta-analysis of studies with adults and children)

Incorrect interventions. Study uses fluid not routinely administered in
children (hypertonic-hyperoncotic).

Incorrect population (adults)

Incorrect population (adults)

Includes paediatric population but results not reported separately by age
Editorial on study. No appropriate outcomes considered.
Abstract only. Full study included.

No outcomes can be extracted applicable to protocol

Incorrect population (preterm infants 23 to 34 weeks)
Incorrect comparison (HES)

Narrative response to query. No appropriate data included.
Adult study (all patients over 18 years old). Indirect population.
Adult study (all patients over 18 years old). Indirect population.

National Clinical Guideline Centre, 2015
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Reference
Sudhakar 2008”*°
Sumpelmann 2008
Todd 2013

Van der Linden 2013
Vassar 1991>"*
Vassar 1993
Vlasakov 2011

270

274

Vrancken 2005°”

Wade 1997°7°
Wiedermann 2004
Wilkes 2001°%
Wills 2001°%

Witt 2008°%°
Wong 1997
Wu 2001°%
Yang 2011
Younes 1997
Younes 1998
Zunini 2011%°

283

287

290

292

293

230,257

268

Reason for exclusion

Incorrect population (adults)

Incorrect study design (cohort study)
Additional paper for further information
Incorrect comparison (HES)

Incorrect population (adults)

Incorrect population (adults)

Incorrect population (abstract of a systematic review where children and
adult data not separated). Incorrect interventions. Systematic review on
the use of gelatin. No specific albumin colloid comparison.

Incorrect study design (retrospective cohort study)

Incorrect population (adults)

Narrative review of safety and efficacy of HES

Meta-analysis of studies most likely in adults (no details given)
Incorrect study design (literature review)

Incorrect comparison (HES)

No relevant outcomes

Incorrect population (adults)

Incorrect population (adults)

Incorrect population (adults)

Incorrect intervention (pentastarch solution added to treatment)

Incorrect study design (retrospective cohort study)

K.2.2 Volume and rate of administration for fluid resuscitation

Table 5: Studies excluded from the clinical review

Reference
Bakes 2011%

Bakes 2011A%

Cole 2013°°

Cole 2014°%%°

Freedman 2011%

Freedman 2011C”°
Freedman 2013%

Glaser 2013*
Hanson 2009'%®
Harvey 2012A
Harvey 2013'*
Kanaan 2003
Kavvadia 1999
Kavvadia 2000

102

121

125

126

Reason for exclusion

Abstract; intervention does not match protocol (mix of resuscitation and
maintenance — maintenance rate differs)

Abstract; intervention does not match protocol (mix of resuscitation and
maintenance — maintenance rate differs)

Intervention not relevant to review question (2 provider-endorsed
manual resuscitation techniques)

Population does not match protocol (simulated children)

Intervention does not match protocol (5ml given every 5 minutes for an
hour; mix of resuscitation and replacement fluid)

Abstract and have full paper (see Freedman 2011)

Intervention does not match protocol (5ml given every 5 minutes for an
hour; mix of resuscitation and replacement fluid)

Intervention does not match (mix of resuscitation and replacement fluid)
Interventions do not match protocol (not comparing rate)

Abstract and have full paper (see Harvey 2013)

Population does not match protocol (simulated children)

Study not relevant to review question

Population does not match protocol (pre-term infants)

Population does not match protocol (pre-term infants)

National Clinical Guideline Centre, 2015
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Reference Reason for exclusion
Kavvadia 2000A™* Population does not match protocol (pre-term infants)
Nager 2010'%° Intervention does not match protocol (replacement)
Okabayashi 2001'® Study not relevant to review question
Oliveira 2008"° Intervention does not match protocol (not only sodium chloride); no

relevant outcome data

Sambandamoorthy 2013A%

Zak 1999*%

Study design does not match protocol (abstract of a cohort study)

Study not relevant to review question

K.3 IV fluid therapy for routine maintenance

K.3.1 Fluid type for routine maintenance

Table 6: Studies excluded from the clinical review

Reference
Adenekan 2014°

Alves 2011
Almedia 2014 °
Aouifi 1997"

Ang 2010"
Apfel 2012™
Baris 2011%
Baron 2013°°
Beck 2007%°
Brazel 1996"

Choong 2007°°
Cuello 2012
Dicembrino 2013%°
Disma 2013%
Fosel 1996

Heidari 2011'%

Heshmati 2004'%

Karabocuoglu 2006

Khan 2014 **°

Larsson 1990
Lim 1997

133

Long 2009**

Mcnab 2011
McNab 2014
Mikawa 1991
Modi 2012*%

158

159

160

Reason for exclusion

Compares 4.3% dextrose in 0.18% sodium chloride (fluid excluded from
protocol)

Narrative review
Abstract only

Intervention does not match protocol (5% glucose versus Ringer's lactate
solution)

Incorrect intervention (D5SNM) and abstract only

Systematic review is not relevant to review question or unclear PICO
Abstract only

Incorrect age group

Narrative review

Hypotonic group consist of 4% dextrose and 0.3% sodium chloride.
Incorrect interventions.

Narrative review

Abstract only

Abstract only

Abstract only. Incorrect interventions.

Outcomes do not match protocol (change in glucose level, not
hypoglycaemia)

Adult study

Compares fluid volume not type. Incorrect comparison.
Abstract only

Non-randomised study

Incorrect stratum. Pre-term. Population excluded.

Outcomes do not match the protocol (increase and decrease in blood
glucose concentration)

Abstract of Coultard 2012

Protocol of Cochrane review

Cochrane analysis. Population stratified differently to our protocol.
Outcomes do not match protocol

Adult population

National Clinical Guideline Centre, 2015
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Reference Reason for exclusion
Moritz 2012 Editorial article
Neville 2006 3 Patients presented at baseline with hyponatraemia
Nili 2005"° Pre-term population. Excluded population.
Nishina 1995’ Outcomes do not match protocol (hypoglycaemia cannot be extracted)

Nuutinen 1975""° Incorrect stratum. Intervention does not match protocol (5% glucose
versus 0.9% sodium chloride).

208

Powell 1990 Compares rate of administration

Rey 2011 v Patients presented at baseline with hyponatraemia
RodriguezCeludo 2014 221 Abstract only

Vaidya 1995%°’ Incorrect interventions. Pre-term population excluded by guideline.

Welborn 1987°%" Outcomes do not match protocol (change in glucose level, not
hypoglycaemia)

Yung 2009***

Only reports rate of sodium change. Surrogate measure.

K.3.2 Rate of administration for routine maintenance

Table 7: Studies excluded from the clinical review

Reference Reason for exclusion

Bell 1979%° Abstract only

Benakatti 2012* Abstract only

Coulthard 2012*° Incorrect interventions. Study compares Hartmann's solution with 0.45%

sodium chloride.
Flaring 20117° Study protocol

Kannan 2010'% Incorrect interventions. Compares 0.18% sodium chloride at different
maintenance rates.

254

Stroustrup 2012 Population not of full gestational age

K.4 IV fluid therapy for replacement and redistribution

Table 8: Studies excluded from the clinical review

Reference Reason for exclusion
Han 2009 Incorrect population (not replacement)
Juca 2005 Incorrect population (not replacement)

Levy 2013

Mahalanabis 1972

Incorrect population (not replacement)

Bt Incorrect outcome (not reporting outcomes of interest separately for

non-cholera patients)

173

Neville 2006 Incorrect outcomes (the only relevant outcome was hyponatraemia, and

many of the patients had hyponatraemia at the start of the trial)

212

Rahman 1988 Incorrect population (resuscitation not replacement; Dhaka solution for

cholera)

National Clinical Guideline Centre, 2015
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K.5 Managing hypernatraemia and hyponatraemia developing during IV
fluid administration

K.5.1

Table 9:

Management of hypernatraemia

Reference

Al Shammari 2013°

Alshayeb 2011"°

Studies excluded from the clinical review

Reason for exclusion
Incorrect study design (retrospective study in adult population)

Incorrect study design (retrospective study in adult population)

Apte 2009" Intervention and comparison do not match protocol; frusemide and
spironolactone versus placebo
Bagshaw 2009%° Incorrect study design (non-systematic review)

Banister 1975**
Bolat 2013*

Dickerson 2013%’
Eke 1996
Elbayoumi 2012

Habel 1976

Hoorn 2007

Huang 2010™"

Huston 2007

Koopmans 2010™°

131

Population does not match protocol; hypernatraemia not developed
during IV fluid administration and N less than minimum in protocol

Population does not match protocol; hypernatraemia not developed
during IV fluid administration

Incorrect study design (retrospective study in adult population)
Unable to obtain text

Population does not match the protocol; hypernatraemia not developed
during IV fluid administration and N less than minimum in protocol

Population does not match protocol; hypernatraemia not developed
during IV fluid administration and N less than minimum in protocol

Comparison does not match the protocol and it is not comparing fluids

Population does not match protocol; hypernatraemia not developed
during IV fluid administration. Adult population.

Population does not match protocol; hypernatraemia not developed
during IV fluid administration

Incorrect study design (retrospective study in adult population)

Kraft 2005 Incorrect study design (non-systematic review), adult population
Oh 1992 Incorrect study design (non-systematic review)
Orgun 2010™° Population does not match protocol, hypernatraemia not developed

Pokaharel 2011°**

Polderman 1999°%

Robertson 2007°%°

Sam 2012***

Shackford 1987°**

Wells 2012

during IV fluid administration
Incorrect study design (non-systematic review)

Comparison does not match protocol; not comparing fluids and N less
than minimum in protocol

Population does not match protocol; hypernatraemia not developed
during IV fluid administration. Comparison does not match protocol and
not comparing fluids.

Population does not match protocol; hypernatraemia not developed
during IV fluid administration. Adult population and N less than minimum
in protocol.

Population does not match protocol (not hypernatraemia)

Incorrect study design (retrospective study in adult population)

National Clinical Guideline Centre, 2015
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Management of hyponatraemia

Table 10: Studies excluded from the clinical review

Reference
Ayus 1987"

Bartos 2010’

Bhaskar 2010*
Brenkert 2013*

Chiong 2014™"
Chung 1987°

Cuello 2012%
Dasta 2013

Decaux 2010%

Dominguez 2013%

Farooqui 2003”
Gross 2008%
Hanna 2003%

Hanna 2010”’

Higgins 1996'"

Hoorn 2004

Hoorn 2006'"

Huda 2006

Lehmann 2013

Lemaire 2010"’

Madiba 1998

Reason for exclusion

Adult population (n=33). Prospective non-randomised study relating rate
of fluid administration to brain damage. All patients receive hypertonic
sodium chloride (no comparison).

Adult population. Retrospective review of management of
hyponatraemia. Non-randomised study.

Adult population in a non-randomised study (n= 58).

Retrospective report of paediatric patients receiving hypertonic sodium
chloride following admission to emergency department.

Adult population. Abstract only. Includes drug intervention (Tolvaptan).

Paper provides clinical assessment of factors contributing to
hyponatraemia in adults (n=58)

Reports on incidence of hyponatraemia between isotonic and hypotonic
IV fluids in paediatric patients

Adult population (n=3795). Health economic outcomes were generally
considered. History of hyponatraemia not defined.

Adult population (n=50) who acquired hyponatraemia outside of
hospital. Non- randomised study.

Non-randomised adult study (n=49) comparing 3% sodium chloride and
drug use (Conivaptan)

Retrospective review in adult population (n=35) detailing comorbidities
associated with death and severe hyponatraemia

Review of hyponatraemia treatment in adults. No outcomes related to
protocol.

Study reports incidence and management of hyponatraemia in patients
with respiratory syncytial virus bonchiolitis. Indirect population.

Study reports incidence of hyponatraemia. Does not consider
hyponatraemia management.

Compares sodium levels following administration of Hartmann’s solution
and 5% glucose in pregnant subjects. Considers prevention of
hyponatraemia and not management. Indirect population and non-
specific outcomes.

Paper considers factors relating to development of hyponatraemia. Does
not report on management of condition.

Study comparing outcomes between hospital acquired and non-hospital
acquired hyponatraemia (n=131). Not appropriate to outcome. Incorrect
age group.

Indirect adult population (n=104). IV fluid administration not responsible
for hyponatraemia.

Adult population (n=36) with subarachnoidal haemorrhage. Outcomes
not specific to protocol (looks at the number of patients who develop
hyponatraemia).

Reports the characteristics at baseline of patients who develop
hyponatraemia in a hospital setting. Does not report about management
of disorder. Abstract only.

Non-randomised adult trial (n=3204). Causes of hyponatraemia are not
specific to in-hospital population.

National Clinical Guideline Centre, 2015
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Reference

Mohmand 2007*%

Nagler 2013"°

Naing 2010""*

Nzerue 2003

Phillips 1997°%*

Rabinstein 2011°"

Reeder 1989*"

Sarnaik 1991*’

Sato 2011*%

Shann 1985°**

Sharf 19932

Sigal 2012°*°

Sood 2013**

Sterns 1994°%°

Suarez 1999>°

Tarnow-mordi 1981

Wattad 1992°78

Woo 20097

Reason for exclusion

Adult population (n=62) with SIADH treated with hypertonic sodium
chloride. Non-randomised study.

Review of clinical guidelines in adults. Does not report specific outcomes
to protocol.

Review article comparing incidence of hyponatraemia between
crystalloids and colloids. Does not consider management of condition.

Retrospective review of adult population detailing the factors related to
adverse outcomes in hyponatraemia

Prospective, comparative study comparing 5% Mannitol and 1.5%
Glycine in preventing of Hyponatraemia in pregnant women (n=122).
Intervention not specific to protocol and indirect population.

Meta-analysis of adult population with aneurysmal SAH. Considers drug
treatments primarily (vasopressin receptor antagonists).

Retrospective study in an adult population (n=48) with SIADH.
Interventions (0.9% sodium chloride versus urea) non-specific to
protocol.

Population is not following administration on IV fluids

Study detailing risk factors associated with hospital acquired
hyponatraemia. Does not consider management.

Reports on the relationship between hyponatraemia with pneumonia
and bacterial meningitis. Not following administration of IV fluids. No
applicable outcomes to protocol.

Non-specific definition of patient population (that is, not following
administration of IV fluid). Reports on time to administration of
hypertonic sodium chloride (not rate or separate interventions).

Interim report of observational registry in adult population.
Hyponatraemia not due to IV fluid administration. No outcomes
reported.

Adult population (n=25) looking at service quality improvement. Indirect
populations as patients not admitted following administration of IV
fluids.

Adult population (n=56) with severe hyponatraemia and non-randomised
population.

Case review of adult population (n=199) with hypernatraemia and
cerebral vasospasm. Retrospective review with indirect population.

Retrospective study of pregnant subjects and factors causing
hyponatraemia in new born population. Indirect population which does
not consider management of condition.

Study reports frequency and causes of in-hospital hyponatraemia. Does
not consider management of condition.

Evaluation of a hypertonic sodium chloride administration protocol in
adults (n=49) with hyponatraemia. Retrospective review.

K.6 Training and education of healthcare professionals for management
of IV fluid therapy

Table 11: Studies excluded from the clinical review
Reference Reason for exclusion

Asuncion 2011"° Management of children compared to adults for fluid resuscitation.

National Clinical Guideline Centre, 2015
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Reference

Biese 2009
Bonacruz, 1996*
Buss 1993*
Considine 2007

Glaser 1997%

Hirschberg 2008'%

Hussein 2001'"

Kamal 2012*%°

Keijzers 2012

Lang 2011"**

Lee 2013"*

Lester-Smith 2010

Manan 2012%>°

Nunez 2012""®

O’Leary 2014

Oshikoya 2009"**

Paltridge 2008"

Parker 2013

Patwari 1991

Potts 1996°°°

Powell 2003’

Preissig 2010°%

Remes 2003

Roberts 2005°*

Santschi 2013%%°

Schutz 2008

138

Reason for exclusion
Abstract. Not IV fluid training and education.

Before and after study in USA of knowledge after intervention for
paediatric resuscitation. Not specifically looking at IV fluids in patients.

Identification of hypoglycaemia; Australia. Not IV fluid training and
education.

Knowledge of paediatricians. Not specific to IV fluids. Not 1V fluid training
and education.

Before and after study. Nurses’ knowledge after a paediatric fever
education programme; Australia

Difference in fluid management of paediatric diabetic ketoacidosis by
specialty. Not IV fluid training and education.

Adults and children’s clinicians’ knowledge; USA. Not IV fluid training and
education.

Practices and priorities. Not IV fluid training and education.

Practice of paediatric doctors; abstract. Not IV fluid training and
education.

Fluid calculation, choice and practice scenarios; Australia. Not IV fluid
training and education.

Practice following guidelines; abstract. Not IV fluid training and
education.

Prescription practices; Korea. Not IV fluid training and education.

Teaching programme with students rating their level of confidence prior
to and after the tutorial; comments from students were specific to
tutorials and assessment

Abstract of full study (see Parker 2013)

Dehydration treatment practices in paediatric—trained and non-paediatric
trained emergency physicians in the USA

Identification of suboptimal care in paediatric emergencies; Australia.
Not IV fluid training and education.

Knowledge of clinical pharmacology and therapeutics of interns in
Nigeria. Not IV fluid education and training.

Confidence in clinical skills; Australia. Not IV fluid training and education.

Attitudes, preferences and beliefs of health care providers working in
acute care settings regarding paediatric fluid resuscitation performance in
Australia

Not paediatric doctors; India. Knowledge and perceptions of residents of
case-managing acute diarrhoea.

Family practice versus paediatric residents tested for calculation of fluids
and maths skills. Not IV fluid training and education.

Test ordering practices. Not IV fluid training and education.

Actual centres’ practices compared to attitudes; USA. Not IV fluid training
and education.

Not paediatric doctors; performance in procedures. Not specifically IV
fluid training and education.

Emergency treatment equipment and procedures in UK paramedics. Not
IV fluid training and education.

Not specific to IV fluids; survey of centres use of crystalloids for fluid
resuscitation of septic patients. Not IV fluid training and education.

Emergency department practice of managing gastro-enteritis; Australia

National Clinical Guideline Centre, 2015
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Reference

Sparrow 2002%%

Szajewska 2000>%®

Tabbers 2010>°

Tuthill 1998°%

Way 2006°"°

Weisgerber 2007°%°

References

Reason for exclusion
and New Zealand

Not relevant: UK survey of fluid choice after a publication of a systematic
review that demonstrated a higher mortality in patients treated with
human albumin solution

Practice following guidelines; Europe. Not IV fluid training and education.

How a guideline was implemented and the barriers to this. Not IV fluid
training and education.

Paediatric knowledge of resuscitation; New Zealand. Not IV fluid training
and education.

UK study of current fluid practice. Not IV fluid training and education

Survey of paediatricians, specific to training course administered. Not IV
fluid training and education.

1 Randomised trial of prophylactic early fresh-frozen plasma or gelatin or glucose in preterm
babies: outcome at 2 years. Northern Neonatal Nursing Initiative Trial Group. Lancet. 1996;

348(9022):229-232

2 Adenekan AT. Perioperative blood glucose in a paediatric daycase facility: effects of fasting and
maintenance fluid. African Journal of Paediatric Surgery. 2014; 11(4):317-322

3 Akech S, Ledermann H, Maitland K. Choice of fluids for resuscitation in children with severe
infection and shock: systematic review. BMJ. 2010; 341:c4416

4  Akech SO, Karisa J, Nakamya P, Boga M, Maitland K. Phase Il trial of isotonic fluid resuscitation in
Kenyan children with severe malnutrition and hypovolaemia. BMC Pediatrics. 2010; 10:71

5 Akpede GO, Omotara BA, Gazali W. Severity signs of childhood diarrhoea in north eastern
Nigeria. Journal of the Royal Society of Health. 1995; 115(3):164

6 Al Shammari SM, Prasad KYM, Osman AM, Thomas A, V, Al Shammari A. Hypernatremia among
in-patients in intensive care unit and medical wards of a general hospital in Kuwait. Kuwait
Medical Journal. 2013; 45(2):130-133

7 Alejandria MM. Dengue haemorrhagic fever or dengue shock syndrome in children. Clinical

Evidence. 2009; 2009

8 Allison KP, Gosling P, Jones S, Pallister |, Porter KM. Randomized trial of hydroxyethyl starch
versus gelatine for trauma resuscitation. Journal of Trauma. 1999; 47(6):1114-1121

9 Almeida HI, Mascarenhas M, Loureiro HC, Abadesso C, Nunes P, Silvestre C et al. Maintenance
fluids in acute, respiratory patients. Pediatric Critical Care Medicine. 2014; 15(4 Suppl. 1):60

10 Alshayeb HM, Showkat A, Babar F, Mangold T, Wall BM. Severe hypernatremia correction rate
and mortality in hospitalized patients. American Journal of the Medical Sciences. 2011;

341(5):356-360

National Clinical Guideline Centre, 2015

16



IV fluids in children
Contents

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Alves JTL, Troster EJ, Oliveira CA. Isotonic saline solution as maintenance intravenous fluid
therapy to prevent acquired hyponatremia in hospitalized children. Jornal De Pediatria. 2011;
87(6):478-486

Ang VC, Anacleto FE. Effect of isotonic versus hypotonic parenteral fluids on the serum sodium
levels of children admitted to the Philippine general hospital: An open, randomized, controlled
trial (a preliminary study). Pediatric Nephrology. 2010; 25(9):1862

Aouifi A, Neidecker J, Vedrinne C, Bompard D, Cherfa A, Laroux MC et al. Glucose versus lactated
Ringer's solution during pediatric cardiac surgery. Journal of Cardiothoracic and Vascular
Anesthesia. 1997; 11(4):411-414

Apfel CC, Meyer A, Orhan-Sungur M, Jalota L, Whelan RP, Jukar-Rao S. Supplemental intravenous
crystalloids for the prevention of postoperative nausea and vomiting: quantitative review. British
Journal of Anaesthesia. 2012; 108(6):893-902

Apte YV, Bellomo R, Warrillow S, Goldsmith D, Gillies M, McGain F. A pilot study of the effects of
combined therapy with frusemide and spironolactone on serum sodium and natriuresis in
critically ill patients. Intensive Care Medicine. 2009; 35:5152

Asuncion A. Boot camp for paramedics in pre-hospital management of children: An educational
curriculum with emphasis on airway skills, intravenous access and fluid resuscitation. Critical
Care Medicine. 2011; 39:131

Aukerman J, Voepel-Lewis T, Riegger LQ, Siewert M, Shayevitz JR, Mosca R. The relationship
between extracorporeal circuit prime, albumin, and postoperative weight gain in children.
Journal of Cardiothoracic and Vascular Anesthesia. 1998; 12(4):408-414

Awad S, Dharmavaram S, Wearn CS, Dube MG, Lobo DN. Effects of an intraoperative infusion of
4% succinylated gelatine (Gelofusine(R)) and 6% hydroxyethyl starch (Voluven(R)) on blood
volume. British Journal of Anaesthesia. 2012; 109(2):168-176

Ayus JC, Krothapalli RK, Arieff Al. Treatment of symptomatic hyponatremia and its relation to
brain damage. A prospective study. New England Journal of Medicine. 1987; 317(19):1190-1195

Bagshaw SM, Townsend DR, McDermid RC. Disorders of sodium and water balance in
hospitalized patients. Canadian Journal of Anaesthesia. 2009; 56(2):151-167

Baibarina EN, Kriuchko DS, Balashova EN. Volume expansion by hydroxyethyl starch (6% HES
200/0.5) in comparison with normal saline for hypotensive neonates. Journal of Maternal-Fetal
and Neonatal Medicine. 2010; 23:268

Bakes K, Brent A, Deakyne S, Mcfann K, Rewers A. Volume of intravenous fluid administration
and time to resolution of pediatric diabetic ketoacidosis. Diabetes. 2011; 60:A336

Bakes K, Deakyne S, Mcfann K, Brent A, Rewers A. Effect of the volume of intravenous fluid
administration in pediatric diabetic ketoacidosis. Academic Emergency Medicine. 2011; 18(5
Suppl. 1):514

Banister A, Matin Siddiqi SA, Hatcher GW. Treatment of hypernatraemic dehydration in infancy.
Archives of Disease in Childhood. 1975; 50(3):179-186

National Clinical Guideline Centre, 2015

17



IV fluids in children
Contents

25

26

27

28

29

30

31

32

33

34

35

36

37

38

Baris S, Karakaya D, Dilek A, Tander B. Effects of three different glucose containing maintenance
solutions on blood glucose concentrations in infants undergoing major pediatric surgery.
European Journal of Anaesthesiology. 2011; 28:150-151

Baron FAJ, Meregalli CN, Rombola VA, Bolasell C, Pigliapoco VE, Bartoletti SE et al. Hypotonic
versus isotonic intravenous maintenance fluids in critically ill pediatric patients: A randomized
clinical trial. Archivos Argentinos De Pediatria. 2013; 111(4):281-287

Bartos D, Tirziu C, Oprea G, Gurzun M, Badila E, Ghiorghe S. Etiology and treatment of clinical
significant hyponatremia in an internal medicine departament. Internal Medicine Journal. 2010;
40:75-76

Beck CE. Hypotonic versus isotonic maintenance intravenous fluid therapy in hospitalized
children: a systematic review. Clinical Pediatrics. 2007; 46(9):764-770

Bekhof J, van Asperen Y, Brand PLP. Usefulness of the fluid balance: a randomised controlled trial
in neonates. Journal of Paediatrics and Child Health. 2013; 49(6):486-492

Bell EF, Warburton D, Stonestreet BS, Oh W. Randomized trial comparing high (HV) and low
volume (LV) maintenance fluid administration in low birth weight (LBW) infants. Pediatric
Research. 1979; 13:489

Benakatti G, Singhi S, Muralidharan J, Bansal A. Conventional vs. restrictive maintenance fluid
regime in children with septic shock after initial resuscitation: A randomized open label
controlled trial. Archives of Disease in Childhood. 2012; 97:A5

Bhaskar E, Kumar B, Ramalakshmi S. Evaluation of a protocol for hypertonic saline administration
in acute euvolemic symptomatic hyponatremia: A prospective observational trial. Indian Journal
of Critical Care Medicine. 2010; 14(4):170-174

Biese KJ, Moro-Sutherland D, Furberg RD, Downing B, Glickman L, Murphy A et al. Using screen-
based simulation to improve performance during pediatric resuscitation. Academic Emergency
Medicine. 2009; 16(12):571-S75

Bocanegra M, Hinostroza F, Kefalides NA, Markley K, Rosenthal SM. A long-term study of early
fluid therapy in severely burned adults. 3. Simultaneous comparison of saline solution alone or
combined with plasma. JAMA. 1966; 195(4):268-274

Bolat F, Oflaz MB, Guven AS, Ozdemir G, Alaygut D, Dogan MT et al. What is the safe approach
for neonatal hypernatremic dehydration?: A retrospective study from a neonatal intensive care
unit. Pediatric Emergency Care. 2013; 29(7):808-813

Boldt J, Knothe C, Schindler E, Hammermann H, Dapper F, Hempelmann G. Volume replacement
with hydroxyethyl starch solution in children. British Journal of Anaesthesia. 1993; 70(6):661-665

Bonacruz GL, Arnold JD, Leslie GI, Wyndham L, Koumantakis G. Survey of the definition and
screening of neonatal hypoglycaemia in Australia. Journal of Paediatrics and Child Health. 1996;
32(4):299-301

Bonadio WA, Hennes HH, Machi J, Madagame E. Efficacy of measuring BUN in assessing children
with dehydration due to gastroenteritis. Annals of Emergency Medicine. 1989; 18(7):755-757

National Clinical Guideline Centre, 2015

18



IV fluids in children
Contents

39 Bowser-Wallace BH, Caldwell FTJ. Fluid requirements of severely burned children up to 3 years
old: hypertonic lactated saline vs. Ringer's lactate-colloid. Burns, Including Thermal Injury. 1986;
12(8):549-555

40 Brazel PW, McPhee IB. Inappropriate secretion of antidiuretic hormone in postoperative scoliosis
patients: the role of fluid management. Spine. 1996; 21(6):724-727

41 Brenkert TE, Estrada CM, McMorrow SP, Abramo TJ. Intravenous hypertonic saline use in the
pediatric emergency department. Pediatric Emergency Care. 2013; 29(1):71-73

42 Brutocao D, Bratton SL, Thomas JR, Schrader PF, Coles PG, Lynn AM. Comparison of hetastarch
with albumin for postoperative volume expansion in children after cardiopulmonary bypass.
Journal of Cardiothoracic and Vascular Anesthesia. 1996; 10(3):348-351

43 Bryan NP, Chapple CR. Frequency volume charts in the assessment and evaluation of treatment:
How should we use them? European Urology. 2004; 46(5):636-640

44 Bulger EM, May S, Brasel KJ, Schreiber M, Kerby JD, Tisherman SA et al. Out-of-hospital
hypertonic resuscitation following severe traumatic brain injury: A randomized controlled trial.
JAMA. 2010; 304(13):1455-1464

45 Bulger EM, May S, Kerby JD, Emerson S, Stiell IG, Schreiber MA et al. Out-of-hospital hypertonic
resuscitation after traumatic hypovolemic shock: A randomized, placebo controlled trial. Annals
of Surgery. 2011; 253(3):431-441

46 Bulger EM, Jurkovich GJ, Nathens AB, Copass MK, Hanson S, Cooper C et al. Hypertonic
resuscitation of hypovolemic shock after blunt trauma: a randomized controlled trial. Archives of
Surgery. 2008; 143(2):139-149

47 Burge Fl. Dehydration symptoms of palliative care cancer patients. Journal of Pain and Symptom
Management. 1993; 8(7):454-464

48 Buss PW, McCabe M, Evans RJ, Davies A, Jenkins H. A survey of basic resuscitation knowledge
among resident paediatricians. Archives of Disease in Childhood. 1993; 68(1):75-78

49 Caravaca F, Martinez del Viejo C, Villa J, Martinez Gallardo R, Ferreira F. Hydration status
assessment by multi-frequency bioimpedance in patients with advanced chronic kidney disease.
Nefrologia. 2011; 31(5):537-544

50 Chaudhary S, Sethi AK, Motiani P, Adatia C. Pre-operative intravenous fluid therapy with
crystalloids or colloids on post-operative nausea & vomiting. Indian Journal of Medical Research.
2008; 127(6):577-581

51 Chiong JR, Hauptman PJ, Dunlap ME, Chiodo Il JA, Chase SL. Hospital management of
hyponatremia in patients with heart failure: Final report from the HN registry. Journal of Cardiac
Failure. 2014; 20(8 Suppl. 1):562-563

52 Choong K, Bohn D. Maintenance parenteral fluids in the critically ill child. Jornal De Pediatria.
2007; 83(2 Suppl):S3-S10

53 Chung HM, Kluge R, Schrier RW, Anderson RJ. Clinical assessment of extracellular fluid volume in
hyponatremia. American Journal of Medicine. 1987; 83(5):905-908

National Clinical Guideline Centre, 2015
19



IV fluids in children
Contents

54

55

56

57

58

59

60

61

62

63

64

65

66

67

Cifra HL, Velasco JNJ. A comparative study of the efficacy of 6%. Haes-Steril and Ringer's Lactate
in the management of dengue shock syndrome 555. Critical Care and Shock. 2003;(6):95-100

Cole ET, Harvey G, Foster G, Thabane L, Parker MJ. Study protocol for a randomised controlled
trial comparing the efficiency of two provider-endorsed manual paediatric fluid resuscitation
techniques. BMJ Open. 2013; 3(3)

Cole ET, Harvey G, Urbanski S, Foster G, Thabane L, Parker MJ. Rapid paediatric fluid
resuscitation: a randomised controlled trial comparing the efficiency of two provider-endorsed
manual paediatric fluid resuscitation techniques in a simulated setting. BMJ Open. 2014;
4(7):e005028

Collis N, Smith G, Fenton OM. Accuracy of burn size estimation and subsequent fluid
resuscitation prior to arrival at the Yorkshire Regional Burns Unit. A three year retrospective
study. Burns. 1999; 25(4):345-351

Considine J, Brennan D. Effect of an evidence-based paediatric fever education program on
emergency nurses' knowledge. Accident and Emergency Nursing. 2007; 15(1):10-19

Coulthard MG, Long DA, Ullman AJ, Ware RS. A randomised controlled trial of Hartmann's
solution versus half normal saline in postoperative paediatric spinal instrumentation and
craniotomy patients. Archives of Disease in Childhood. 2012; 97(6):491-496

Crystalloid versus Hydroxyethyl Starch Trial (CHEST) Management Committee. The Crystalloid
versus Hydroxyethyl Starch Trial: protocol for a multi-centre randomised controlled trial of fluid
resuscitation with 6% hydroxyethyl starch (130/0.4) compared to 0.9% sodium chloride (saline) in
intensive care patients on mortality. Intensive Care Medicine. 2011; 37(5):816-823

Cuello GC, Lopez OT, Villarreal GS. Intravenous hydration therapy with isotonic versus hypotonic
solutions: Randomised controlled trial. Pediatric Research. 2012; 72(1):108

Dasta JF, Amin A, Chiong JR, Greenberg A, Verbalis JG, Chiodo J. Challenges in assessing the
impact of hyponatremia management on length of stay: Interim results from a global, multi-
center, prospective, observational registry of hospitalized hypervolemic and euvolemic
hyponatremic patients. Value in Health. 2013; 16(3):A18

Dawson KP, Graham D. The assessment of dehydration in congenital pyloric stenosis. New
Zealand Medical Journal. 1991; 104(910):162-163

Decaux G, Andres C, Gankam Kengne F, Soupart A. Treatment of euvolemic hyponatremia in the
intensive care unit by urea. Critical Care. 2010; 14(5):R184

Deorari AK, Paul VK, Shreshta L, Singh M. Symptomatic neonatal polycythemia: comparison of
partial exchange transfusion with saline versus plasma. Indian Pediatrics. 1995; 32(11):1167-1171

Dicembrino M, Anderson M, Jorro BF, Perez L, Vely AG, Viegas DM. Variation in sodium serum
levels using two different intravenous maintenance fluids in appendectomy postsurgical
hospitalized children. Pediatric Research. 2013; 73(3):379

Dickerson RN, Maish GO, Weinberg JA, Croce MA, Minard G, Brown RO. Safety and efficacy of
intravenous hypotonic 0.225% sodium chloride infusion for the treatment of hypernatremia in
critically ill patients. Nutrition in Clinical Practice. 2013; 28(3):400-408

National Clinical Guideline Centre, 2015

20



IV fluids in children
Contents

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

Disma N, Mameli L, Montobbio G, De Benedetto S, Locatelli BG, Sonzogni V et al. Comparison
between Sterofundin (and glucose 1%) and Normal Saline (with glucose 1%) for intraoperative
fluid management in children aged <36 months undergoing major surgery. Multisite,
randomized, open trial. Paediatric Anaesthesia. 2013; 23(3):286

Dominguez M, Perez JA, Patel CB. Efficacy of 3% saline vs. conivaptan in achieving hyponatremia
treatment goals. Methodist DeBakey Cardiovascular Journal. 2013; 9(1):49-53

Duggan C, Refat M, Hashem M, Wolff M, Fayad |, Santosham M. How valid are clinical signs of
dehydration in infants? Journal of Pediatric Gastroenterology and Nutrition. 1996; 22(1):56-61

Durukan P, Ikizceli |, Akdur O, Ozkan S, Sozuer EM, Avsarogullari L et al. Use of the shock index to
diagnose acute hypovolemia. Turkish Journal of Medical Sciences. 2009; 39(6):833-835

Eke F, Nte A. A prospective clinical study of patients with hypernatraemic dehydration. African
Journal of Medicine and Medical Sciences. 1996; 25(3):209-212

El-Bayoumi MA, Abdelkader AM, EI-Assmy MMA, Alwakeel AA, EI-Tahan HM. Normal saline is a
safe initial rehydration fluid in children with diarrhea-related hypernatremia. European Journal of
Pediatrics. 2012; 171(2):383-388

Faraklas I, Lam U, Cochran A, Stoddard G, Saffle J. Colloid normalizes resuscitation ratio in
pediatric burns. Journal of Burn Care and Research. 2011; 32(1):91-97

Farooqui MA, Ahmed S. Severe hyponatremia in hospitalised adults at Sultan Qaboos University
Hospital. Journal of the Pakistan Medical Association. 2003; 53(5):180-182

Flaring U, Lonnqvist PA, Frenckner B, Svensson JF, Ingolfsson |, Wallensteen L et al. The efficacy
of hypotonic and near-isotonic saline for parenteral fluid therapy given at low maintenance rate
in preventing significant change in plasma sodium in post-operative pediatric patients: protocol
for a prospective randomized non-blinded study. BMC Pediatrics. 2011; 11:61

Ford N, Hargreaves S, Shanks L. Mortality after fluid bolus in children with shock due to sepsis or
severe infection: a systematic review and meta-analysis. PLoS ONE. 2012; 7(8)

Fosel TH, Uth M, Wilhelm W, Gruness V. Comparison of two solutions with different glucose
concentrations for infusion therapy during laparotomies in infants. Infusionstherapie Und
Transfusionsmedizin. 1996; 23(2):80-84

Freedman SB, Parkin P, Willan AR, Schuh S. Rapid versus standard intravenous rehydration in
pediatric gastroenteritis: Blinded, randomized clinical effectiveness trial. Paediatrics and Child
Health. 2011; 16:17A

Freedman SB, Geary DF. Bolus fluid therapy and sodium homeostasis in paediatric
gastroenteritis. Journal of Paediatrics and Child Health. 2013; 49(3):215-222

Freedman SB, Parkin PC, Willan AR, Schuh S. Rapid versus standard intravenous rehydration in
paediatric gastroenteritis: pragmatic blinded randomised clinical trial. BMJ. 2011; 343:d6976

Gattas D. Fluid therapy in sepsis and septic shock. Transfusion Medicine. 2013; 23:5-6

Glaser NS, Kuppermann N, Yee CK, Schwartz DL, Styne DM. Variation in the management of
pediatric diabetic ketoacidosis by specialty training. Archives of Pediatrics and Adolescent
Medicine. 1997; 151(11):1125-1132

National Clinical Guideline Centre, 2015

21



IV fluids in children
Contents

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

Glaser NS, Ghetti S, Casper TC, Dean JM, Kuppermann N, Pediatric Emergency Care Applied
Research Network (PECARN) DKA FLUID Study Group. Pediatric diabetic ketoacidosis, fluid

therapy, and cerebral injury: the design of a factorial randomized controlled trial. Pediatric
Diabetes. 2013; 14(6):435-446

Goldman RD, Friedman JN, Parkin PC. Validation of the clinical dehydration scale for children with
acute gastroenteritis. Pediatrics. 2008; 122(3):545-549

Goodwin CW, Dorethy J, Lam V, Pruitt BAJ. Randomized trial of efficacy of crystalloid and colloid
resuscitation on hemodynamic response and lung water following thermal injury. Annals of
Surgery. 1983; 197(5):520-531

Gorelick MH, Shaw KN, Murphy KO, Baker MD. Effect of fever on capillary refill time. Pediatric
Emergency Care. 1997; 13(5):305-307

Gross CR, Lindquist RD, Woolley AC, Granieri R, Allard K, Webster B. Clinical indicators of
dehydration severity in elderly patients. Journal of Emergency Medicine. 1992; 10(3):267-274

Gross P. Treatment of hyponatremia. Internal Medicine. 2008; 47(10):885-891

Guidet B, Mosqueda GJ, Priol G, Aegerter P. The COASST study: cost-effectiveness of albumin in
severe sepsis and septic shock. Journal of Critical Care. 2007; 22(3):197-203

Gutierrez-Alvarez AM, Medina SN, Vargas Bazurto MC, Montoya OS. Treatment of hemorrhagic
dengue in the pediatric population: a systematic review. Revista Cubana De Medicina Tropical.
2006;(3):212-218

Haas T, Preinreich A, Oswald E, Pajk W, Berger J, Kuehbacher G et al. Effects of albumin 5% and
artificial colloids on clot formation in small infants. Anaesthesia. 2007; 62(10):1000-1007

Habel AH, Simpson H. Osmolar relation between cerebrospinal fluid and serum in hyperosmolar
hypernatraemic dehydration. Archives of Disease in Childhood. 1976; 51(9):660-666

Hall KV, Sorensen B. The treatment of burn shock. A comparative controlled trial of treatment by
colloid infusion (dextran-saline), and by exclusively electrolyte infusion (Ringer lactate).
Scandinavian Journal of Plastic and Reconstructive Surgery. 1973; 7(1):67-73

Han JJ, Yim HE, Lee JH, Kim YK, Jang GY, Choi BM et al. Aloumin versus normal saline for
dehydrated term infants with metabolic acidosis due to acute diarrhea. Journal of Perinatology.
2009; 29(6):444-447

Hanart C, Khalife M, De Ville A, Otte F, De Hert S, Van der Linden P. Perioperative volume
replacement in children undergoing cardiac surgery: albumin versus hydroxyethyl starch 130/0.4.
Critical Care Medicine. 2009; 37(2):696-701

Hanna M, Saberi MS. Incidence of hyponatremia in children with gastroenteritis treated with
hypotonic intravenous fluids. Pediatric Nephrology. 2010; 25(8):1471-1475

Hanna S, Tibby SM, Durward A, Murdoch IA. Incidence of hyponatraemia and hyponatraemic
seizures in severe respiratory syncytial virus bronchiolitis. Acta Paediatrica, International Journal
of Paediatrics. 2003; 92(4):430-434

National Clinical Guideline Centre, 2015

22



IV fluids in children
Contents

99 Hans P, Collin V, Bonhomme V, Damas F, Born JD, Lamy M. Evaluation of acute normovolemic
hemodilution for surgical repair of craniosynostosis. Journal of Neurosurgical Anesthesiology.
2000; 12(1):33-36

100Hanson SJ, Berens RJ, Havens PL, Kim MK, Hoffman GM. Effect of volume resuscitation on
regional perfusion in dehydrated pediatric patients as measured by two-site near-infrared
spectroscopy. Pediatric Emergency Care. 2009; 25(3):150-153

101 Hartog CS, Bauer M, Reinhart K. The efficacy and safety of colloid resuscitation in the critically ill.
Anesthesia and Analgesia. 2011; 112(1):156-164

102 Harvey G, Parker MJ. Factors affecting pediatric isotonic fluid resuscitation efficiency: Impact of
syringe size (the pediatric fast fluid randomized controlled trial). Academic Emergency Medicine.
2012; 19(6):772

103 Harvey G, Foster G, Manan A, Thabane L, Parker MJ. Factors affecting pediatric isotonic fluid
resuscitation efficiency: a randomized controlled trial evaluating the impact of syringe size. BMC
Emergency Medicine. 2013; 13:14

104 Hayajneh WA, Jdaitawi H, Al Shurman A, Hayajneh YA. Comparison of clinical associations and
laboratory abnormalities in children with moderate and severe dehydration. Journal of Pediatric
Gastroenterology and Nutrition. 2010; 50(3):290-294

105 Heidari SM, Saryazdi H, Shafa A, Arefpour R. Comparison of the effect of preoperative
administration of ringer's solution, normal saline and hypertonic saline 5% on postoperative
nausea and vomiting: A randomized, double blinded clinical study. Pakistan Journal of Medical
Sciences. 2011; 27(4):771-774

106 Heshmati F, Hasani AA, Mahoori A, Zeinali MB, Abbasivash R. High intravenous fluid therapy
prevents post-tonsillectomy nausea and vomiting. Iranian Journal of Medical Sciences. 2004;
29(2):72-74

107 Higgins J, Gleeson R, Holohan M, Cooney C, Darling M. Maternal and neonatal hyponatraemia: a
comparison of Hartmanns solution with 5% dextrose for the delivery of oxytocin in labour.
European Journal of Obstetrics, Gynecology, and Reproductive Biology. 1996; 68(1-2):47-48

108 Hirshberg E, Lacroix J, Sward K, Willson D, Morris AH. Blood glucose control in critically ill adults
and children: a survey on stated practice. Chest. 2008; 133(6):1328-1335

109 Hooper L, Attreed NJ, Campbell WW, Channell AM, Chassagne P, Culp KR et al. Clinical and
physical signs for identification of impending and current water-loss dehydration in older people.
Cochrane Database of Systematic Reviews. 2012; Issue 2:CD009647.
DO0I:10.1002/14651858.CD009647

110Hoorn EJ, Carlotti APCP, Costa LAA, MacMahon B, Bohn G, Zietse R et al. Preventing a drop in
effective plasma osmolality to minimize the likelihood of cerebral edema during treatment of
children with diabetic ketoacidosis. Journal of Pediatrics. 2007; 150(5):467-473

111 Hoorn EJ, Geary D, Robb M, Halperin ML, Bohn D. Acute hyponatremia related to intravenous
fluid administration in hospitalized children: an observational study. Pediatrics. 2004;
113(5):1279-1284

National Clinical Guideline Centre, 2015
23



IV fluids in children
Contents

112 Hoorn EJ, Lindemans J, Zietse R. Development of severe hyponatraemia in hospitalized patients:
treatment-related risk factors and inadequate management. Nephrology, Dialysis,
Transplantation. 2006; 21(1):70-76

113 Huang S-W. Hypernatremia after orthotopic liver transplantation in sICU. Intensive Care
Medicine. 2010; 36:5145

114 Huda MSB, Boyd A, Skagen K, Wile D, van Heyningen C, Watson | et al. Investigation and
management of severe hyponatraemia in a hospital setting. Postgraduate Medical Journal. 2006;
82(965):216-219

115Hussein T, Clarke T, Girim HA, Matthews T. Questionnaire on practices and priorities in neonatal
care in Ireland. Irish Medical Journal. 2001; 94(3):74-78

116 Huston RK, Dietz AM, Campbell BB, Dolphin NG, Sklar RS, Wu YX. Enteral water for
hypernatremia and intestinal morbidity in infants less than or equal to 1000 g birth weight.
Journal of Perinatology. 2007; 27(1):32-38

117 James MFM, Michell WL, Joubert IA, Nicol AJ, Navsaria PH, Gillespie RS. Resuscitation with
hydroxyethyl starch improves renal function and lactate clearance in penetrating traumain a
randomized controlled study: the FIRST trial (Fluids in Resuscitation of Severe Trauma). British
Journal of Anaesthesia. 2011; 107(5):693-702

118Juca CA, Rey LC, Martins CV. Comparison between normal saline and a polyelectrolyte solution
for fluid resuscitation in severely dehydrated infants with acute diarrhoea. Annals of Tropical
Paediatrics. 2005; 25(4):253-260

119Kalayanarooj S. Choice of colloidal solutions in dengue hemorrhagic fever patients. Journal of the
Medical Association of Thailand. 2008; 91 Suppl 3:597-103

120Kamal A, Simmons J. The introduction of a prescribing test for new paediatric doctors. Archives of
Disease in Childhood. 2012; 97:A111-A112

121Kanaan U, Dell KM, Hoagland J, O'Riordan MA, Furman L. Accelerated intravenous rehydration.
Clinical Pediatrics. 2003; 42(5):421-426

122 Kannan L, Lodha R, Vivekanandhan S, Bagga A, Kabra SK, Kabra M. Intravenous fluid regimen and
hyponatraemia among children: a randomized controlled trial. Pediatric Nephrology. 2010;
25(11):2303-2309

123 Karabocuoglu M, Soysal D, Nayir A, Turkoglu U, Citak A, Ucsel R. Maintenance fluids should
contain at least 77 mmol sodium per liter for critically ill pediatric patients. Critical Care. 2006;
10(Suppl 1)

124 Kavvadia V, Greenough A, Dimitriou G, Forsling ML. Randomized trial of two levels of fluid input
in the perinatal period--effect on fluid balance, electrolyte and metabolic disturbances in
ventilated VLBW infants. Acta Paediatrica. 2000; 89(2):237-241

125Kavvadia V, Greenough A, Dimitriou G, Hooper R. Comparison of the effect of two fluid input
regimens on perinatal lung function in ventilated infants of very low birthweight. European
Journal of Pediatrics. 1999; 158(11):917-922

National Clinical Guideline Centre, 2015
24



IV fluids in children
Contents

126 Kavvadia V, Greenough A, Dimitriou G, Hooper R. Randomised trial of fluid restriction in
ventilated very low birthweight infants. Archives of Disease in Childhood Fetal and Neonatal
Edition. 2000; 83(2):F91-F96

127 Kc M, Gurubacharya DL, Lohani R, Rauniyar A. Serum urea, creatinine and electrolyte status in
patients presenting with acute gastroenteritis. INMA; Journal of the Nepal Medical Association.
2006; 45(163):291-294

128 Keijzers G, McGrath M, Bell C. Survey of paediatric intravenous fluid prescription: are we safe in
what we know and what we do? Emergency Medicine Australasia. 2012; 24(1):86-97

129Khan I, Zimmerman B, Brophy P, Kamath S. Masking of syndrome of inappropriate antidiuretic
hormone secretion: The isonatremic syndrome. Journal of Pediatrics. 2014; 165(4):722-726

130Koopmans M, Egbers PH, Boerma EC. The influence of a switch from nacl based colloids to
natriumacetate based colloids on the incidence of hypernatremia in the ICU. Intensive Care
Medicine. 2010; 36:5140

131 Kraft MD, Btaiche IF, Sacks GS, Kudsk KA. Treatment of electrolyte disorders in adult patients in
the intensive care unit. American Journal of Health-System Pharmacy. 2005; 62(16):1663-1682

132 Lang TF. Investigating hypoglycaemia in infancy using guidelines and packs. Clinical Biochemistry.
2011; 44(7):535

133 Larsson LE, Nilsson K, Niklasson A, Andreasson S, Ekstrom-Jodal B. Influence of fluid regimens on
perioperative blood-glucose concentrations in neonates. British Journal of Anaesthesia. 1990;
64(4):419-424

134 Lawrence A, Faraklas I, Watkins H, Allen A, Cochran A, Morris S et al. Colloid administration
normalizes resuscitation ratio and ameliorates "fluid creep". Journal of Burn Care and Research.
2010; 31(1):40-47

135Lee JM, Jung Y, Lee SE, Lee JH, Kim KH, Koo JW et al. Intravenous fluid prescription practices
among pediatric residents in Korea. Korean Journal of Pediatrics. 2013; 56(7):282-285

136 Lehmann L, Bendel S, Uehlinger DE, Takala J, Schafer M, Reinert M et al. Randomized, double-
blind trial of the effect of fluid composition on electrolyte, acid-base, and fluid homeostasis in
patients early after subarachnoid hemorrhage. Neurocritical Care. 2013; 18(1):5-12

137 Lemaire M, Parekh RS, Pencharz PP, Zlotkin SH, Geary DF. Association of hyponatremia with
administration of total parenteral nutrition to normonatremic hospitalized children: A case-
control study. Pediatric Nephrology. 2010; 25(9):1871-1872

138 Lester-Smith D, Campbell DE, Elliott EJ. Using the clinical challenges encountered by junior
residents to inform curriculum for paediatric pre-intern students. Journal of Paediatrics and Child
Health. 2010; 46(5):262-267

139Levy JA, Bachur RG, Monuteaux MC, Waltzman M. Intravenous dextrose for children with
gastroenteritis and dehydration: a double-blind randomized controlled trial. Annals of Emergency
Medicine. 2013; 61(3):281-288

140 Liebelt EL. Clinical and laboratory evaluation and management of children with vomiting,
diarrhea, and dehydration. Current Opinion in Pediatrics. 1998; 10(5):461-469

National Clinical Guideline Centre, 2015
25



IV fluids in children
Contents

141 Liet JM, Bellouin AS, Boscher C, Lejus C, Roze JC. Plasma volume expansion by medium molecular
weight hydroxyethyl starch in neonates: a pilot study. Pediatric Critical Care Medicine. 2003;
4(3):305-307

142 Liet JM, Kuster A, Denizot S, Caillaux-Varin G, Gras-Leguen C, Roze JC. Effects of hydroxyethyl
starch on cardiac output in hypotensive neonates: a comparison with isotonic saline and 5%
albumin. Acta Paediatrica. 2006; 95(5):555-560

143 Lim SK, Loh SP. Glucose: a reevaluation of its intraoperative use in paediatric surgery. Medical
Journal of Malaysia. 1997; 52(1):64-69

144 Logan-Sprenger HM, Spriet LL. The acute effects of fluid intake on urine specific gravity and fluid
retention in a mildly dehydrated state. Journal of Strength and Conditioning Research. 2013;
27(4):1002-1008

145Long D, Ullman A, Coulthard M, Ware R. A randomised controlled trial of Hartmann's solution
versus half normal saline in postoperative paediatric spinal instrumentation and craniotomy
patients. Anaesthesia and Intensive Care. 2009; 37(6):1032

146 Lynch SK, Mullett MD, Graeber JE, Polak MJ. A comparison of albumin-bolus therapy versus
normal saline-bolus therapy for hypotension in neonates. Journal of Perinatology. 2008;
28(1):29-33

147 Lynch SK, Stone CS, Graeber J, Mullett M, Polak MJ. Colloid vs. crystalloid fluid therapy for
hypotension in neonates. Pediatric Research. 2002; 51(4):384A

148 Mackenzie A, Barnes G, Shann F. Clinical signs of dehydration in children. Lancet. 1989;
2(8663):605-607

149 Madiba TE, Haffejee AA, Mokoena TR. Hyponatraemia--a prospective analysis of surgical
patients. South African Journal of Surgery Suid-Afrikaanse Tydskrif Vir Chirurgie. 1998; 36(3):78-
81

150 Mahajan V, Sajan SS, Sharma A, Kaur J. Ringers lactate vs normal saline for children with acute
diarrhea and severe dehydration- a double blind randomized controlled trial. Indian Pediatrics.
2012; 49(12):963-968

151 Mahalanabis D, Brayton JB, Mondal A, Pierce NF. The use of Ringer's lactate in the treatment of
children with cholera and acute noncholera diarrhoea. Bulletin of the World Health Organization.
1972; 46(3):311-319

152 Mahler SA, Conrad SA, Wang H, Arnold TC. Resuscitation with balanced electrolyte solution
prevents hyperchloremic metabolic acidosis in patients with diabetic ketoacidosis. American
Journal of Emergency Medicine. 2011; 29(6):670-674

153 Maitland K, Pamba A, Newton CRIC, Levin M. Response to volume resuscitation in children with
severe malaria. Pediatric Critical Care Medicine. 2003; 4(4):426-431

154 Maitland K, Pamba A, Newton CRIC, Lowe B, Levin M. Hypokalemia in children with severe
falciparum malaria. Pediatric Critical Care Medicine. 2004; 5(1):81-85

155Manan A, Parker MJ. Translating guidelines into practice: A survey study to assess healthcare
provider attitudes, preferences and beliefs regarding pediatric fluid resuscitation practices.
Circulation. 2012; 126(21 Suppl. 1)

National Clinical Guideline Centre, 2015
26



IV fluids in children
Contents

156 Maningas PA, Mattox KL, Pepe PE, Jones RL, Feliciano DV, Burch JM. Hypertonic saline-dextran
solutions for the prehospital management of traumatic hypotension. American Journal of
Surgery. 1989; 157(5):528-4

157 Mattox KL, Maningas PA, Moore EE, Mateer JR, Marx JA, Aprahamian C et al. Prehospital
hypertonic saline/dextran infusion for post-traumatic hypotension. The U.S.A. Multicenter Trial.
Annals of Surgery. 1991; 213(5):482-491

158 McNab S, Duke T, Choong K, Dorofaeff T, Davidson A, Coulthard M et al. Isotonic versus
hypotonic solutions for maintenance intravenous fluid administration in children. Cochrane
Database of Systematic Reviews. 2011; Issue 12:CD009457. DOI:10.1002/14651858.CD009457

159 McNab S, Ware RS, Neville KA, Choong K, Coulthard MG, Duke T et al. Isotonic versus hypotonic
solutions for maintenance intravenous fluid administration in children. Cochrane Database of
Systematic Reviews. 2014; Issue 12:CD009457. DOI:10.1002/14651858.CD009457.pub2

160 Mikawa K, Maekawa N, Goto R, Tanaka O, Yaku H, Obara H. Effects of exogenous intravenous
glucose on plasma glucose and lipid homeostasis in anesthetized children. Anesthesiology. 1991;
74(6):1017-1022

161 Modi MP, Vora KS, Parikh GP, Shah VR. A comparative study of impact of infusion of Ringer's
Lactate solution versus normal saline on acid-base balance and serum electrolytes during live
related renal transplantation. Saudi Journal of Kidney Diseases and Transplantation. 2012;
23(1):135-137

162 Mohmand HK, Issa D, Ahmad Z, Cappuccio JD, Kouides RW, Sterns RH. Hypertonic saline for
hyponatremia: risk of inadvertent overcorrection. Clinical Journal of the American Society of
Nephrology. 2007; 2(6):1110-1117

163 Molaschi M, Ponzetto M, Massaia M, Villa L, Scarafiotti C, Ferrario E. Hypernatremic dehydration
in the elderly on admission to hospital. Journal of Nutrition, Health and Aging. 1997; 1(3):156-160

164 Moritz ML, Ayus JC. Maintenance intravenous fluids with 0.9% sodium chloride do not produce
hypernatraemia in children. Acta Paediatrica, International Journal of Paediatrics. 2012;
101(3):222-223

165 Morrison G, Sottosanti M, Singh R, Sharma A, Fraser D, Alawi K et al. Quantifying dehydration in
children with diabetic ketoacidosis (DKA): Does it matter? Pediatric Critical Care Medicine. 2011;
12(3 Suppl. 1):A122-A123

166 Mulavisala KP, Kulkarni V, Mudunuri R, Viswanath VVR, Byalal JR, Gopal PB et al. Hydroxyethyl
starch 130/0.4 versus modified succinylated gelatin for volume expansion in pediatric cardiac
surgery patients: The effects on perioperative bleeding and transfusion needs. Transfusion
Alternatives in Transfusion Medicine. 2012; 12(3-4):51-58

167 Mullett MD, Lynch SK, Graeber JE, Stone C, Polak MJ. Cost comparison of albumin (ALB) versus
normal saline (NS) therapy for hypotension in neonates. Pediatric Research. 2002; 51(4):370A-
371A

168 Munoz CX, Johnson EC, Demartini JK, Huggins RA, Mckenzie AL, Casa DJ et al. Assessment of
hydration biomarkers including salivary osmolality during passive and active dehydration.
European Journal of Clinical Nutrition. 2013; 67(12):1257-1263

National Clinical Guideline Centre, 2015
27



IV fluids in children
Contents

169 Nager AL, Wang VJ. Comparison of ultrarapid and rapid intravenous hydration in pediatric
patients with dehydration. American Journal of Emergency Medicine. 2010; 28(2):123-129

170Nagler EV, Vanmassenhove J, Van Der Veer SN, Nistor |, Van Biesen W, Webster AC et al.
Diagnosis and treatment of hyponatraemia: A systematic review of clinical practice guidelines.
Nephrology, Dialysis, Transplantation. 2013; 28:i386

171 Naing CM, Win DK. Do colloids in comparison to crystalloids for fluid resuscitation improve
mortality? Transactions of the Royal Society of Tropical Medicine and Hygiene. 2010; 104(5):311-
312

172 Neff TA, Doelberg M, Jungheinrich C, Sauerland A, Spahn DR, Stocker R. Repetitive large-dose
infusion of the novel hydroxyethyl starch 130/0.4 in patients with severe head injury. Anesthesia
and Analgesia. 2003; 96(5):1453-contents

173 Neville KA, Verge CF, Rosenberg AR, O'Meara MW, Walker JL. Isotonic is better than hypotonic
saline for intravenous rehydration of children with gastroenteritis: a prospective randomised
study. Archives of Disease in Childhood. 2006; 91(3):226-232

174 Nguyen TH, Nguyen TL, Lei HY, Lin YS, Le BL, Huang KJ et al. Volume replacement in infants with
dengue hemorrhagic fever/dengue shock syndrome. American Journal of Tropical Medicine and
Hygiene. 2006; 74(4):684-691

175 Niermeyer S. Volume resuscitation: crystalloid versus colloid. Clinics in Perinatology. 2006;
33(1):133-viii

176 Nili F, Ghafuri M. Hypoglycemia in sick preterm infants and the therapeutic effect of 12.5%
dextrose in water compared with 10% dextrose in water. Acta Medica Iranica. 2005; 43(3):182-
186

177 Nishina K, Mikawa K, Maekawa N, Asano M, Obara H. Effects of exogenous intravenous glucose
on plasma glucose and lipid homeostasis in anesthetized infants. Anesthesiology. 1995;
83(2):258-263

178 Nunez J, Liu DR, Nager AL. Dehydration treatment practices among pediatrics-trained and non-
pediatrics trained emergency physicians. Pediatric Emergency Care. 2012; 28(4):322-328

179 Nuutinen L, Hollmen A. Blood sugar levels during routine fluid therapy of surgical patients.
Annales Chirurgiae Et Gynaecologiae Fenniae. 1975; 64(2):108-111

180 Nzerue CM, Baffoe-Bonnie H, You W, Falana B, Dai S. Predictors of outcome in hospitalized
patients with severe hyponatremia. Journal of the National Medical Association. 2003; 95(5):335-
343

181 0'Leary F, McGarvey K, Christoff A, Major J, Lockie F, Chayen G et al. Identifying incidents of
suboptimal care during paediatric emergencies-an observational study utilising in situ and
simulation centre scenarios. Resuscitation. 2014; 85(3):431-436

182 Oca MJ, Nelson MDS. Randomized trial of normal saline (NS) versus 5% albumin (ALB) for the
treatment of neonatal hypotension. Pediatric Research. 1999; 45(4, Part 2 of 2):215A

183 Oca MJ, Nelson M, Donn SM. Randomized trial of normal saline versus 5% albumin for the
treatment of neonatal hypotension. Journal of Perinatology. 2003; 23(6):473-476

National Clinical Guideline Centre, 2015
28



IV fluids in children
Contents

184 0h MS, Carroll HJ. Disorders of sodium metabolism: hypernatremia and hyponatremia. Critical
Care Medicine. 1992; 20(1):94-103

185 Okabayashi K, Ohtani M, Yamanoue T, Sera A, Wada S, Inoue T et al. The volume limit in fluid
resuscitation to prevent respiratory failure in massively burned children without inhalation
injury. Hiroshima Journal of Medical Sciences. 2001; 50(2):41-45

186 Oliveira CF, Nogueira de Sa FR, Oliveira DSF, Gottschald AFC, Moura JDG, Shibata ARO et al. Time-
and fluid-sensitive resuscitation for hemodynamic support of children in septic shock: barriers to
the implementation of the American College of Critical Care Medicine/Pediatric Advanced Life
Support Guidelines in a pediatric intensive care unit in a developing world. Pediatric Emergency
Care. 2008; 24(12):810-815

187 Olupot-Olupot P. Fluid Expansion as Supportive Therapy (FEAST) trial: Mortality after fluid bolus
in African children. Tropical Medicine and International Health. 2012; 17:43

188 Orgev B. A trial of a plasma volume expander (haemaccel) in shock. South African Medical
Journal. 1969; 43(51):1554-1556

189 0rgun LT, Atlihan F, Genel F, Ozturk C, Orgun A, Ozbek E et al. Prospective analysis of 109 term
cases of breast-feeding associated hypernatremia. Early Human Development. 2010; 86:586

1900sborn DA, Evans N. Early volume expansion for prevention of morbidity and mortality in very
preterm infants. Cochrane Database of Systematic Reviews. 2004;(2):CD002055

191 Oshikoya KA, Senbanjo 10, Amole OO. Interns' knowledge of clinical pharmacology and
therapeutics after undergraduate and on-going internship training in Nigeria: a pilot study. BMC
Medical Education. 2009; 9:50

192 Osthaus WA, Witt L, Johanning K, Boethig D, Winterhalter M, Huber D et al. Equal effects of
gelatin and hydroxyethyl starch (6% HES 130/0.42) on modified thrombelastography in children.
Acta Anaesthesiologica Scandinavica. 2009; 53(3):305-310

193 Paltridge D, Dent AW, Weiland TJ. Australasian emergency physicians: a learning and educational
needs analysis. Part two: confidence of FACEM for tasks and skills. Emergency Medicine
Australasia. 2008; 20(1):58-65

194 Parker MJ, Manan A. Translating resuscitation guidelines into practice: health care provider
attitudes, preferences and beliefs regarding pediatric fluid resuscitation performance. PLoS ONE.
2013; 8(3):e58282

195 Patwari AK, Anand V, Kumar H, Aneja S, Mullick D. Knowledge and perceptions of residents
regarding case management of acute diarrhea. Indian Pediatrics. 1991; 28(8):887-892

196 Perel P, Roberts I, Ker K. Colloids versus crystalloids for fluid resuscitation in critically ill patients.
Cochrane Database of Systematic Reviews. 2013; 2:CD000567

197 Perelman H. Fluid balance - intake and output charts. California Medicine. 1964; 100:330-331

198 Perelman H. Fluid balance--intake and output charts, a revised form. Nebraska State Medical
Journal. 1966; 51(5):223-225

199 Perren A, Markmann M, Merlani G, Marone C, Merlani P. Fluid balance in critically ill patients
should we really rely on it? Minerva Anestesiologica. 2011; 77(8):802-811

National Clinical Guideline Centre, 2015
29



IV fluids in children
Contents

200 Perrier E, Demazieres A, Girard N, Pross N, Osbild D, Metzger D et al. Circadian variation and
responsiveness of hydration biomarkers to changes in daily water intake. European Journal of
Applied Physiology. 2013; 113(8):2143-2151

201 Phillips DR, Milim SJ, Nathanson HG, Phillips RE, Haselkorn JS. Preventing hyponatremic
encephalopathy: comparison of serum sodium and osmolality during operative hysteroscopy
with 5.0% mannitol and 1.5% glycine distention media. Journal of the American Association of
Gynecologic Laparoscopists. 1997; 4(5):567-576

202 Phin SJ, McCaskill ME, Browne GJ, Lam LT. Clinical pathway using rapid rehydration for children
with gastroenteritis. Journal of Paediatrics and Child Health. 2003; 39(5):343-348

203 Pockaj BA, Yang JC, Lotze MT, Lange JR, Spencer WF, Steinberg SM et al. A prospective
randomized trial evaluating colloid versus crystalloid resuscitation in the treatment of the
vascular leak syndrome associated with interleukin-2 therapy. Journal of Immunotherapy With
Emphasis on Tumor Immunology. 1994; 15(1):22-28

204 Pokaharel M, Block CA. Dysnatremia in the ICU. Current Opinion in Critical Care. 2011; 17(6):581-
593

205 Polderman KH, Schreuder WO, Strack van Schijndel RJ, Thijs LG. Hypernatremia in the intensive
care unit: an indicator of quality of care? Critical Care Medicine. 1999; 27(6):1105-1108

206 Potts MJ, Phelan KW. Deficiencies in calculation and applied mathematics skills in pediatrics
among primary care interns. Archives of Pediatrics and Adolescent Medicine. 1996; 150(7):748-
752

207 Powell EC, Hampers LC. Physician variation in test ordering in the management of gastroenteritis
in children. Archives of Pediatrics and Adolescent Medicine. 2003; 157(10):978-983

208 Powell KR, Sugarman LI, Eskenazi AE, Woodin KA, Kays MA, McCormick KL et al. Normalization of
plasma arginine vasopressin concentrations when children with meningitis are given
maintenance plus replacement fluid therapy. Journal of Pediatrics. 1990; 117(4):515-522

209 Preissig CM, Rigby MR. A disparity between physician attitudes and practice regarding
hyperglycemia in pediatric intensive care units in the United States: a survey on actual practice
habits. Critical Care. 2010; 14(1):R11

210Pruvost |, Dubos F, Chazard E, Hue V, Duhamel A, Martinot A. The value of body weight
measurement to assess dehydration in children. PLoS ONE. 2013; 8(1):e55063

211Rabinstein AA, Bruder N. Management of hyponatremia and volume contraction. Neurocritical
Care. 2011; 15(2):354-360

212 Rahman O, Bennish ML, Alam AN, Salam MA. Rapid intravenous rehydration by means of a single
polyelectrolyte solution with or without dextrose. Journal of Pediatrics. 1988; 113(4):654-660

213 Ranucci M. New role for colloids and crystalloids? Applied Cardiopulmonary Pathophysiology.
2013; 17(2):96-98

214 Recinos PR, Hartford CA, Ziffren SE. Fluid resuscitation of burn patients comparing a crystalloid
with a colloid containing solution: a prospective study. Journal of the lowa Medical Society. 1975;
65(10):426-432

National Clinical Guideline Centre, 2015
30



IV fluids in children
Contents

215Reeder RF, Harbaugh RE. Administration of intravenous urea and normal saline for the treatment
of hyponatremia in neurosurgical patients. Journal of Neurosurgery. 1989; 70(2):201-206

216 Remes V, Sinisaari |, Harjula A, Helenius |. Emergency procedure skills of graduating medical
doctors. Medical Teacher. 2003; 25(2):149-154

217 Rey C, Los-Arcos M, Hernandez A, Sanchez A, Diaz JJ, Lopez-Herce J. Hypotonic versus isotonic
maintenance fluids in critically ill children: a multicenter prospective randomized study. Acta
Paediatrica. 2011; 100(8):1138-1143

218Riegger LQ, Voepel-Lewis T, Kulik TJ, Malviya S, Tait AR, Mosca RS et al. Albumin versus
crystalloid prime solution for cardiopulmonary bypass in young children. Critical Care Medicine.
2002; 30(12):2649-2654

219Roberts K, Jewkes F, Whalley H, Hopkins D, Porter K. A review of emergency equipment carried
and procedures performed by UK front line paramedics on paediatric patients. Emergency
Medicine Journal. 2005; 22(8):572-576

220Robertson G, Carrihill M, Hatherill M, Waggie Z, Reynolds L, Argent A. Relationship between fluid
management, changes in serum sodium and outcome in hypernatraemia associated with
gastroenteritis. Journal of Paediatrics and Child Health. 2007; 43(4):291-296

221 Rodriguez Cejudo AB, Corrales GA, Carmona PJ, Correa VM, Lopez Castilla JD, Cano FJ et al.
Hypotonic vs isotonic serum and plasma sodium levels after general surgery in children: Clinical
trial. Archives of Disease in Childhood. 2014; 99:A138

222 Roithmaier A, Arlettaz R, Bauer K, Bucher HU, Krieger M, Duc G et al. Randomized controlled trial
of Ringer solution versus serum for partial exchange transfusion in neonatal polycythaemia.
European Journal of Pediatrics. 1995; 154(1):53-56

223 Russell JA, Navickis RJ, Wilkes MM. Albumin versus crystalloid for pump priming in cardiac
surgery: meta-analysis of controlled trials. Journal of Cardiothoracic and Vascular Anesthesia.
2004; 18(4):429-437

224Sam R, Hart P, Haghighat R, Ing TS. Hypervolemic hypernatremia in patients recovering from
acute kidney injury in the intensive care unit. Clinical and Experimental Nephrology. 2012;
16(1):136-146

225Sambandamoorthy G, Inwald D, Peters M, Ramnarayan P. Current practise relating to fluid bolus
administration in critically ill children. Archives of Disease in Childhood: Education and Practice
Edition. 2013; 98:A29

226 Santschi M, Leclerc F, members of the Reseau Mere-Enfant de la Francophonie. Management of
children with sepsis and septic shock: a survey among pediatric intensivists of the Reseau Mere-
Enfant de la Francophonie. Annals of Intensive Care. 2013; 3(1):7

227 Sarnaik AP, Meert K, Hackbarth R, Fleischmann L. Management of hyponatremic seizures in
children with hypertonic saline: a safe and effective strategy. Critical Care Medicine. 1991;
19(6):758-762

228Sato Y, Komatsu Y, Kamiya N, Ishida Y, Hosoya R. Risk factors for hospital-acquired hyponatremia
among pediatric patients. Pediatric Nephrology. 2011; 26(5):829

National Clinical Guideline Centre, 2015
31



IV fluids in children
Contents

229Schriger DL, Baraff LJ. Capillary refill--is it a useful predictor of hypovolemic states? Annals of
Emergency Medicine. 1991; 20(6):601-605

230Schroth M, Plank C, Meissner U, Eberle KP, Weyand M, Cesnjevar R et al. Hypertonic-
hyperoncotic solutions improve cardiac function in children after open-heart surgery. Pediatrics.
2006; 118(1):e76-e84

231Schutz J, Babl FE, Sheriff N, Borland M, Paediatric Research in Emergency Department.
Emergency department management of gastro-enteritis in Australia and New Zealand. Journal of
Paediatrics and Child Health. 2008; 44(10):560-563

232Senagore AJ, Emery T, Luchtefeld M, Kim D, Dujovny N, Hoedema R. Fluid management for
laparoscopic colectomy: a prospective, randomized assessment of goal-directed administration
of balanced salt solution or hetastarch coupled with an enhanced recovery program. Diseases of
the Colon and Rectum. 2009; 52(12):1935-1940

233 Shackford SR, Fortlage DA, Peters RM, Hollingsworth FP, Sise MJ. Serum osmolar and electrolyte
changes associated with large infusions of hypertonic sodium lactate for intravascular volume
expansion of patients undergoing aortic reconstruction. Surgery, Gynecology and Obstetrics.
1987; 164(2):127-136

234Shann F, Germer S. Hyponatraemia associated with pneumonia or bacterial meningitis. Archives
of Disease in Childhood. 1985; 60(10):963-966

235Shaoul R, Okev N, Tamir A, Lanir A, Jaffe M. Value of laboratory studies in assessment of
dehydration in children. Annals of Clinical Biochemistry. 2004; 41(Pt 3):192-196

236 Sharf RE. Seizure from hyponatremia in infants. Early recognition and treatment. Archives of
Family Medicine. 1993; 2(6):647-652

237 Shatney CH, Deepika K, Militello PR, Majerus TC, Dawson RB. Efficacy of hetastarch in the
resuscitation of patients with multisystem trauma and shock. Archives of Surgery. 1983;
118(7):804-809

238Shaw AD, Bagshaw SM, Goldstein SL, Scherer LA, Duan M, Schermer CR et al. Major
complications, mortality, and resource utilization after open abdominal surgery: 0.9% saline
compared to Plasma-Lyte. Annals of Surgery. 2012; 255(5):821-829

239 Shimizu M, Kinoshita K, Hattori K, Ota Y, Kanai T, Kobayashi H et al. Physical signs of dehydration
in the elderly. Internal Medicine. 2012; 51(10):1207-1210

240Sigal S, Amin A, Chiong JR, Dasta J, Greenberg A, Verbalis J et al. Hyponatremia in hospitalized
patients with cirrhosis: Interim data from an observational, prospective, multi-center, global
hyponatremia registry indicates hyponatremia is still present at discharge. Hepatology. 2012;
56:935A-936A

241Simbruner G. The safety of hydroxyethyl starch use in newborns and its short- and long-term
benefits in hypovolemic patients. Pediatric Critical Care Medicine. 2003; 4(3):388

242 Simma B, Burger R, Falk M, Sacher P, Torresani T, Fanconi S. The release of antidiuretic hormone
is appropriate in response to hypovolemia and/or sodium administration in children with severe
head injury: a trial of lactated Ringer's solution versus hypertonic saline. Anesthesia and
Analgesia. 2001; 92(3):641-645

National Clinical Guideline Centre, 2015
32



IV fluids in children
Contents

243 Simma B, Burger R, Falk M, Uehlinger J, Ghelfi D, Fanconi. Fluid resuscitation in severe head
injury: ringers lactate versus hypertonic saline. Critical Care Medicine. 1996; 22 Suppl(2):S161

244 S0 KW, Fok TF, Ng PC, Wong WW, Cheung KL. Randomised controlled trial of colloid or crystalloid
in hypotensive preterm infants. Archives of Disease in Childhood Fetal and Neonatal Edition.
1997; 76(1):F43-F46

245Soo0d L, Sterns RH, Hix JK, Silver SM, Chen L. Hypertonic saline and desmopressin: a simple
strategy for safe correction of severe hyponatremia. American Journal of Kidney Diseases. 2013;
61(4):571-578

246 Sparrow A, Hedderley T, Nadel S. Choice of fluid for resuscitation of septic shock. Emergency
Medicine Journal. 2002; 19(2):114-116

247 Stand| T, Lochbuehler H, Galli C, Reich A, Dietrich G, Hagemann H. HES 130/0.4 (Voluven) or
human albumin in children younger than 2 yr undergoing non-cardiac surgery. A prospective,
randomized, open label, multicentre trial. European Journal of Anaesthesiology. 2008; 25(6):437-
445

248 Stand| T. Reply to 'HES 130/0.4 (Voluven) or human albumin in children younger than 2 yr
undergoing non-cardiac surgery. A prospective, randomized, open label, multicentre trial'.
European Journal of Anaesthesiology. 2009; 26(8):702-704

249 Steiner MJ, DeWalt DA, Byerley JS. Is this child dehydrated? JAMA. 2004; 291(22):2746-2754

250Sterns RH, Cappuccio JD, Silver SM, Cohen EP. Neurologic sequelae after treatment of severe
hyponatremia: a multicenter perspective. Journal of the American Society of Nephrology. 1994;
4(8):1522-1530

251 Stockwell MA, Scott A, Day A, Riley B, Soni N. Colloid solutions in the critically ill. A randomised
comparison of albumin and polygeline 2. Serum albumin concentration and incidences of
pulmonary oedema and acute renal failure. Anaesthesia. 1992; 47(1):7-9

252 Stockwell MA, Soni N, Riley B. Colloid solutions in the critically ill. A randomised comparison of
albumin and polygeline. 1. Outcome and duration of stay in the intensive care unit. Anaesthesia.
1992; 47(1):3-6

253 Stoddart PA, Rich P, Sury MR. A comparison of 4.5% human albumin solution and Haemaccel in
neonates undergoing major surgery. Paediatric Anaesthesia. 1996; 6(2):103-106

254 Stroustrup A, Trasande L, Holzman IR. Randomized controlled trial of restrictive fluid
management in transient tachypnea of the newborn. Journal of Pediatrics. United States 2012;
160(1):38-43

255Suarez JI, Qureshi Al, Parekh PD, Razumovsky A, Tamargo RJ, Bhardwaj A et al. Administration of
hypertonic (3%) sodium chloride/acetate in hyponatremic patients with symptomatic vasospasm
following subarachnoid hemorrhage. Journal of Neurosurgical Anesthesiology. 1999; 11(3):178-
184

256 Sudhakar GV, Lakshmi P. Role of HES 130/0.4 in resuscitation of patients with major burn injury.
Transfusion Alternatives in Transfusion Medicine. 2008; 10(2):43-50

257Sumpelmann R, Kretz FJ, Gabler R, Luntzer R, Baroncini S, Osterkorn D et al. Hydroxyethyl starch
130/0.42/6:1 for perioperative plasma volume replacement in children: preliminary results of a

National Clinical Guideline Centre, 2015
33



IV fluids in children
Contents

European Prospective Multicenter Observational Postauthorization Safety Study (PASS).
Paediatric Anaesthesia. 2008; 18(10):929-933

258 Szajewska H, Hoekstra JH, Sandhu B. Management of acute gastroenteritis in Europe and the
impact of the new recommendations: a multicenter study. The Working Group on acute
Diarrhoea of the European Society for Paediatric Gastroenterology, Hepatology, and Nutrition.
Journal of Pediatric Gastroenterology and Nutrition. 2000; 30(5):522-527

259 Tabbers MM, Boluyt N, Offringa M. Implementation of an evidence-based guideline on fluid
resuscitation: lessons learnt for future guidelines. European Journal of Pediatrics. 2010;
169(6):749-758

260Tam RK, Wong H, Plint A, Lepage N, Filler G. Comparison of clinical and biochemical markers of
dehydration with the clinical dehydration scale in children: a case comparison trial. BMC
Pediatrics. 2014; 14:149

261 Tarnow-Mordi WO, Shaw JC, Liu D, Gardner DA, Flynn FV. latrogenic hyponatraemia of the
newborn due to maternal fluid overload: a prospective study. BMJ. 1981; 283(6292):639-642

262 Teach SJ, Yates EW, Feld LG. Laboratory predictors of fluid deficit in acutely dehydrated children.
Clinical Pediatrics. 1997; 36(7):395-400

263 Thomas-Rueddel DO, Vlasakov V, Reinhart K, Jaeschke R, Rueddel H, Hutagalung R et al. Safety of
gelatin for volume resuscitation--a systematic review and meta-analysis. Intensive Care
Medicine. 2012; 38(7):1134-1142

264 Todd J, Heyderman RS, Musoke P, Peto T. When enough is enough: how the decision was made
to stop the FEAST trial: data and safety monitoring in an African trial of Fluid Expansion As
Supportive Therapy (FEAST) for critically ill children. Trials. 2013; 14:85

265 Tuthill DP, Hewson M, Wilson R. Paediatric resuscitation--by phone. Journal of Paediatrics and
Child Health. 1998; 34(6):524-527

266 Ugale J, Mata A, Meert KL, Sarnaik AP. Measured degree of dehydration in children and
adolescents with type 1 diabetic ketoacidosis. Pediatric Critical Care Medicine. 2012; 13(2):e103-
el07

267 Vaidya UV, Bhave SA, Pandit AN. Parenteral nutrition (PN) in the management of very low birth
weight (VLBW) babies--a randomized controlled trial. Indian Pediatrics. 1995; 32(2):165-170

268Van der Linden P, De Ville A, Hofer A, Heschl M, Gombotz H. Six percent hydroxyethyl starch
130/0.4 (Voluven) versus 5% human serum albumin for volume replacement therapy during
elective open-heart surgery in pediatric patients. Anesthesiology. 2013; 119(6):1296-1309

269van Dommelen P, Boer S, Unal S, van Wouwe JP. Charts for weight loss to detect hypernatremic
dehydration and prevent formula supplementing. Birth. 2014; 41(2):153-159

270Vassar MJ, Fischer RP, O'Brien PE, Bachulis BL, Chambers JA, Hoyt DB et al. A multicenter trial for
resuscitation of injured patients with 7.5% sodium chloride. The effect of added dextran 70. The
Multicenter Group for the Study of Hypertonic Saline in Trauma Patients. Archives of Surgery.
1993; 128(9):1003

271Vassar MJ, Perry CA, Gannaway WL, Holcroft JW. 7.5% sodium chloride/dextran for resuscitation
of trauma patients undergoing helicopter transport. Archives of Surgery. 1991; 126(9):1065-1072

National Clinical Guideline Centre, 2015
34



IV fluids in children
Contents

272Vega RM, Avner JR. A prospective study of the usefulness of clinical and laboratory parameters
for predicting percentage of dehydration in children. Pediatric Emergency Care. 1997; 13(3):179-
182

273Vila MC, Sola R, Molina L, Andreu M, Coll S, Gana J et al. Hemodynamic changes in patients
developing effective hypovolemia after total paracentesis. Journal of Hepatology. 1998;
28(4):639-645

274 Vlasakov V, Thomas-Rueddel DO, Rueddel H, Hutagalung R, Reinhart K, Hartog CS. Efficacy and
safety of gelatin for fluid therapy in hypovolemia: A systematic review and meta-analysis.
Infection. 2011; 39:5142-5143

275Vrancken SL, Heijst AF, Zegers M, der Staak FH, Liem KD, van Heijst AF et al. Influence of volume
replacement with colloids versus crystalloids in neonates on venoarterial extracorporeal
membrane oxygenation on fluid retention, fluid balance, and ECMO runtime. ASAIO Journal.
2005; 51(6):808-812

276 Wade CE, Kramer GC, Grady JJ, Fabian TC, Younes RN. Efficacy of hypertonic 7.5% saline and 6%
dextran-70 in treating trauma: A meta-analysis of controlled clinical studies. Surgery. 1997
122(3):609-616

277 Wakefield BJ, Mentes J, Holman JE, Culp K. Risk factors and outcomes associated with hospital
admission for dehydration. Rehabilitation Nursing. 2008; 33(6):233-241

278 Wattad A, Chiang ML, Hill LL. Hyponatremia in hospitalized children. Clinical Pediatrics. 1992;
31(3):153-157

279 Way C, Dhamrait R, Wade A, Walker I. Perioperative fluid therapy in children: a survey of current
prescribing practice. British Journal of Anaesthesia. 2006; 97(3):371-379

280 Weisgerber M, Flores G, Pomeranz A, Greenbaum L, Hurlbut P, Bragg D. Student competence in
fluid and electrolyte management: the impact of various teaching methods. Ambulatory
Pediatrics. 2007; 7(3):220-225

281 Welborn LG, Hannallah RS, McGill WA, Ruttimann UE, Hicks JM. Glucose concentrations for
routine intravenous infusion in pediatric outpatient surgery. Anesthesiology. 1987; 67(3):427-430

282 Wells DL, Swanson JM, Wood GC, Magnotti LJ, Boucher BA, Croce MA et al. The relationship
between serum sodium and intracranial pressure when using hypertonic saline to target mild
hypernatremia in patients with head trauma. Critical Care. 2012; 16(5)

283 Wiedermann CJ. Hydroxyethyl starch--can the safety problems be ignored? Wiener Klinische
Wochenschrift. 2004; 116(17-18):583-594

284 Wilkes MM, Navickis RJ. Patient survival after human albumin administration. A meta-analysis of
randomized, controlled trials. Annals of Internal Medicine. 2001; 135(3):149-164

285 Wills B. Volume replacement in dengue shock syndrome. Dengue Bulletin. 2001; 25:50-55

286 Witt L, Osthaus WA, Juttner B, Heimbucher C, Sumpelmann R. Alteration of anion gap and strong
ion difference caused by hydroxyethyl starch 6% (130/0.42) and gelatin 4% in children. Paediatric
Anaesthesia. 2008; 18(10):934-939

National Clinical Guideline Centre, 2015
35



IV fluids in children
Contents

287 Wong W, Fok TF, Lee CH, Ng PC, So KW, Ou Y et al. Randomised controlled trial: comparison of
colloid or crystalloid for partial exchange transfusion for treatment of neonatal polycythaemia.
Archives of Disease in Childhood Fetal and Neonatal Edition. 1997; 77(2):F115-F118

288 Woo CH, Rao VA, Sheridan W, Flint AC. Performance characteristics of a sliding-scale hypertonic
saline infusion protocol for the treatment of acute neurologic hyponatremia. Neurocritical Care.
2009; 11(2):228-234

289 Wu JJ, Huang MS, Tang GJ, Kao WF, Shih HC, Su CH et al. Hemodynamic response of modified
fluid gelatin compared with lactated ringer's solution for volume expansion in emergency
resuscitation of hypovolemic shock patients: preliminary report of a prospective, randomized
trial. World Journal of Surgery. 2001; 25(5):598-602

290Yang J, Wang WT, Yan LN, Xu MQ, Yang JY. Alternatives to albumin administration in
hepatocellular carcinoma patients undergoing hepatectomy: an open, randomized clinical trial of
efficacy and safety. Chinese Medical Journal. 2011; 124(10):1458-1464

291Yilmaz K, Karabocuoglu M, Citak A, Uzel N. Evaluation of laboratory tests in dehydrated children
with acute gastroenteritis. Journal of Paediatrics and Child Health. 2002; 38(3):226-228

292 Younes RN, Aun F, Ching CT, Goldenberg DC, Franco MH, Miura FK et al. Prognostic factors to
predict outcome following the administration of hypertonic/hyperoncotic solution in
hypovolemic patients. Shock. 1997; 7(2):79-83

293 Younes RN, Yin KC, Amino CJ, Itinoshe M, Rocha e Silva M, Birolini D. Use of pentastarch solution
in the treatment of patients with hemorrhagic hypovolemia: randomized phase Il study in the
emergency room. World Journal of Surgery. 1998; 22(1):2-5

294Yung M, Keeley S. Randomised controlled trial of intravenous maintenance fluids. Journal of
Paediatrics and Child Health. 2009; 45(1-2):9-14

295 Zak AL, Harrington DT, Barillo DJ, Lawlor DF, Shirani KZ, Goodwin CW. Acute respiratory failure
that complicates the resuscitation of pediatric patients with scald injuries. Journal of Burn Care
and Rehabilitation. 1999; 20(5):391-399

296 Zunini GS, Rando KAE, Cox RG. Fluid replacement in craniofacial pediatric surgery: normal saline
or ringer's lactate? Journal of Craniofacial Surgery. 2011; 22(4):1370-1374

National Clinical Guideline Centre, 2015
36



