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Pediatric Intraoperative Fluid Therapy in Anesthesiology 

Anesteziyolojide Pediatrik İntraoperatif Sıvı Tedavisi 

Ersel Güleç1  

1Cukurova University Faculty of Medicine, Department of Anesthesiology and Reanimation, Adana, Türkiye 

ABSTRACT 
Pediatric anesthesia requires careful consideration of fluid and electrolyte management due to the distinct physiological 
properties of children. Knowledge of postnatal adaptations is critical in avoiding complications from dehydration or 
overhydration. Children have a higher percentage of total body water, which makes them more vulnerable to 
imbalances in fluids. Insensible losses depend on respiratory rates and environmental conditions; otherwise, loss would 
result in dehydration if not corrected promptly. The neonatal renal physiology affects the filtration of fluids and the 
management of electrolytes, thus requiring individualized fluid therapy for neonates. Hormonal control, crossed 
capillary hydrodynamics, metabolic factors, and electrolyte equilibrium complicate pediatric fluid therapy further. 
Clinical evaluation measures aided by high-tech monitoring and multimodal methods will help assess children’s fluid 
status. Isotonic solutions with adequate electrolyte composition are to be used as pediatric intravenous fluid therapy 
according to the recent guidelines. Crystalloids are preferred over colloids in the initial management of most pediatric 
patients. Recent evidence supports the use of isotonic balanced crystalloids to minimize iatrogenic complications such 
as hyponatremia and hyperchloremic acidosis, with ongoing monitoring tailored to individual patient needs. 
Keywords: Anesthesia, fluid therapy, ıntravenous ınfusions, pediatrics, perioperative care. 

ÖZET 
Pediatrik anestezi, çocukların farklı fizyolojik özellikleri nedeniyle sıvı ve elektrolit yönetiminin dikkatle 
değerlendirilmesini gerektirir. Doğum sonrası adaptasyonların bilinmesi, dehidrasyon veya aşırı hidrasyondan 
kaynaklanan komplikasyonların önlenmesinde kritik öneme sahiptir. Çocukların toplam vücut suyu yüzdesi daha 
yüksektir, bu da onları sıvı dengesizliklerine karşı daha savunmasız hale getirir. Hissedilmeyen kayıplar solunum hızına 
ve çevresel koşullara bağlıdır; aksi takdirde, kayıp derhal düzeltilmezse dehidrasyona neden olur. Yenidoğan böbrek 
fizyolojisi sıvıların filtrasyonunu ve elektrolitlerin yönetimini etkiler, bu nedenle yenidoğanlar için bireyselleştirilmiş sıvı 
tedavisi gerektirir. Hormonal kontrol, kapiller hidrodinamik, metabolik faktörler ve elektrolit dengesi pediatrik sıvı 
tedavisini daha da karmaşık hale getirir. Yüksek teknolojili monitörizasyon ve multimodal yöntemlerle desteklenen 
klinik değerlendirme ölçütleri, çocukların sıvı durumunun değerlendirilmesine yardımcı olacaktır. Son kılavuzlara göre 
pediatrik intravenöz sıvı tedavisi olarak yeterli elektrolit bileşimine sahip izotonik solüsyonlar kullanılmalıdır. Çoğu 
pediatrik hastanın başlangıç yönetiminde kristalloidler kolloidlere tercih edilir, ancak sıvı yönetimi her bir hasta 
faktörüne göre uyarlanmalı ve perioperatif dönem boyunca sürekli izlenmelidir. 
Anahtar kelimeler: Anestezi, sıvı tedavisi, intravenöz infüzyonlar, pediatri, perioperatif bakım. 

Introduction 

Perioperative fluid and electrolyte management is an essential component of pediatric anesthesia. The 
unique features of children's physiology, particularly their low reserve capacity and vulnerability to 
electrolyte imbalances, underscore the relevance of these issues to anesthesiologists. This article presents a 
review of the principles, problems, and evidence-based approaches to fluid and electrolyte management in 
pediatric surgical patients.  

Pediatric intraoperative fluid management faces specific challenges due to their physiological traits, which 
are different from those of adults. which are high metabolic rates, high surface area to weight ratio, and 
immature renal function wherein all these factors significantly influence the fluid and electrolyte balance 
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during a surgical procedure. Such differences in physiology are key to the success of anesthesiologists in 
administering fluids and maintaining electrolyte balance in pediatric patients. Postnatal physiology changes 
dynamically and greatly impact the clinical strategy of managing fluid in newborns. These changes include 
adaptations of the total body water (TBW) shift and an evolving kidney function. It is of prime importance 
that these postnatal adaptations be understood, because from that understanding comes the opportunity to 
apply the most adequate therapy in avoiding either dehydration or fluid overload complications. The next 
sections will describe these physiological changes and their practice-based implications. 

Total Body Water Dynamics 

The dynamics of TBW are core to neonatal fluid therapy. TBW serves as a key indicator of hydration status 
in neonates, directly influencing their fluid requirements. Preterm neonates have increased TBW because 
their skin barriers are not fully developed and their renal systems are too immature; they are more in the 
range of 80-90% of their body weight versus 75% for term neonates1. This higher TBW makes them very 
labile concerning fluids, which necessitates very slow and careful titration of fluid intake to avoid either 
overload or dehydration. The extracellular (ECF) and intracellular fluid (ICF) distribution changes markedly 
with age. Preterm infants may have up to almost 80% of the TBW as extracellular, decreasing to about 60% 
by six months of age2. The fall in fluid as the child grows predominantly falls within the extracellular 
compartment and thus leads to the gradual hike of the ECF to ICF ratio until it approaches the adult ratio 
of 1:2 between the ages of about one and three years1. Younger children, with a higher proportion of ECF, 
pose greater challenges for anesthesiologists due to their altered responses to fluid administration and loss. 
On average, a 9-year-old child weighing 30 kg possesses about 60% of their body weight as TBW with ICF 
and ECF accounting for roughly 50% each. On the other hand, a neonate aged one month and weighing 
4.5 kg possesses around 70% of their body weight as TBW with ICF constituting two-thirds and ECF one-
third of TBW1. The TBW distribution by age is summarized in Figure 1. Such variations are important for 
fluid management, as they affect the volumes of fluids that need to be administered and the ease of 
redistribution of fluids between compartments throughout the perioperative period. Adults and children 
may use similar electrolyte-rich fluids if the renal function is adequate because the composition of ECF 
(plasma inclusive) is relatively constant across age groups1. The higher percentage of ECF to total body 
weight in younger children makes them much more vulnerable to dehydration and fluid imbalance than 
adults. Elevated vulnerability must be taken into account when evaluating fluid requirements and the 
probable effects of starvation as well as surgical stress on fluid balance in young children. 

 

Figure 1. Age-related total body water distribution. 

Insensible Water Losses 

Compared to adults, children have a relatively larger body surface area in relation to weight, heightened 
insensible water loss mainly due to the respiratory system and the skin, and hence have increased fluid 
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requirements with a higher tendency for dehydration. The greater part of insensible water losses is through 
the lungs and skin in infants and younger children2. Neonates and particularly preterm neonates have very 
high insensible losses, which can account for a considerable percentage of their total water needs and, if not 
rapidly corrected, may lead to dehydration. The respiratory rate in children is also higher; therefore, there is 
an increase in insensible water loss by the respiratory route. These can become very high, particularly during 
mechanical ventilation with dry gases in the operating room. While present-day anesthesia machines are 
now available with humidification capabilities, the contribution of respiratory water loss should still be 
considered, especially in prolonged procedures or in pediatric patients with respiratory pathology that 
warrant elevated minute ventilation. Environmental factors in the operating room, such as temperature, 
humidity, and active warming devices, significantly affect insensible water loss in pediatric patients. High 
ambient temperatures and adequate levels of humidity can decrease these losses, and unreasonably dry or 
cooler conditions require the fluid to reach an even higher level. All these factors are to be taken into 
consideration by an anesthesiologist in developing a fluid management plan for pediatric patients, 
particularly neonates and infants because of the incomplete mechanism for temperature regulation at their 
age. 

Renal Physiology and Development 

The development of renal function is very important during infancy and early childhood because it plays a 
role in the regulation of fluid and electrolytes. The glomerular filtration rate (GFR) in full-term newborns is 
substantially less than adult levels and does not reach adult values until approximately one year of age3. The 
reduced filtrate delivery is related to the smaller surface area of capillaries for filtration, low systemic arterial 
pressure, and high resistance of the renal vasculature. Therefore, there is a low ultrafiltration pressure. The 
kidneys at birth have limited capacity to reabsorb water, with maximal urinary dilution being only 600 
mOsm/kgH2O as against 1200 mOsm/kgH2O in adults. The decreased ability to concentrate urine is due 
to the hypotonic environment of the renal medulla and decreased response to antidiuretic hormone (ADH). 
Consequently, in neonates and young children, the ability to preserve water in states of deprivation or when 
there is increased loss of fluids is diminished. This makes them particularly at risk to the development of 
dehydration during the period of preoperative fasting. Tubular function develops slowly in early life. The 
reduced GFR in neonates not only impacts their filtration capacity but also has implications for electrolyte 
management, notably sodium. Newborns can have a high sodium excretion in the urine because the 
proximal tubule does not have a sufficient capacity to reabsorb sodium. Postnatally enhanced activity of the 
renin-angiotensin-aldosterone system increases distal tubular sodium reabsorption, which may decrease or 
not allow the excretion of substantial or rapid sodium loads.  In this contradictory interplay between 
potential sodium loss and retention, the choice of maintenance fluid formulation should be taken with 
caution. 

After surgery, the ability of newborns and young infants to balance acid and base in the body, which is 
crucial for their overall health, is influenced by how fluids are managed and the stress of surgery. The 
deficiency of hydrogen ion excretion and bicarbonate-generating capabilities place these patients at high risk 
of metabolic acidosis, particularly when there is inadequate tissue perfusion or increased metabolic 
needs and if large volumes of chloride-rich fluid are given, this may result in hyperchloremic metabolic 
acidosis of a severity that cannot be well-tolerated by infants due to their limited compensatory mechanisms. 

Preterm neonates are structurally immature in terms of renal function. Postnatal diuresis, a normal 
phenomenon in newborns though very frequent in preterm neonates, is the outflow of excessive ECF and 
does not represent pathological fluid loss.  

Recognition of such physiological processes is important to avoid unnecessary fluid input which can cause 
fluid overload with attendant consequences. 

Hormonal Regulation of Fluid Balance 

The important consequences of variations in hormonal control of fluid balance between children and adult 
populations are related to fluid management in the perioperative environment. More susceptible to several 
perioperative stresses in children, arginine vasopressin (AVP), another name for ADH, is essential for fluid 
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balance control.  Following birth, serum ADH concentrations elevate and may rise significantly due to 
stressors such as surgical interventions, pain, nausea, and hypovolemia. 

Increased ADH response in children during surgery can lead to temporary challenges in excreting free water, 
raising the risk of fluid retention and dilutional hyponatremia. This is quite important while evaluating 
perioperative fluid maintenance.  Although hypotonic fluids were formerly used depending on metabolic 
demands, the awareness of non-osmotic ADH triggers in the perioperative phase has resulted in a 
movement towards isotonic solutions. 

 During the first week of newborn life, the renin-angiotensin-aldosterone system shows notable activity 
which raises aldosterone levels and causes more vascular tone4. These raised aldosterone levels improve the 
reabsorption of sodium in the distal tubules, therefore perhaps compromising the capacity to excrete 
significant or acute sodium loads.  While it affects the responsiveness to fluid and electrolyte therapies, this 
higher aldosterone activity helps newborns to preserve blood pressure and vascular tone. 

Atrial natriuretic peptide (ANP) is involved in the regulation of fluid balance in children, especially during 
instances of volume expansion. ANP facilitates natriuresis and diuresis, which helps to mitigate the sodium-
retaining actions of the renin-angiotensin-aldosterone system5. Nonetheless, the functionality of this system 
may be underdeveloped in neonates and young infants, which could restrict their capacity to effectively 
manage volume expansion. 

Exchanged Transcapillary Fluid 

The Starling hypothesis describes transcapillary fluid exchange for both children and adults, with the 
equation detailing how pressure gradients affect fluid flow across capillary walls. Typically, fluid filtration at 
capillary arterial ends balances with reabsorption at venous ends. In children, increased capillary permeability 
in neonates and infants can lead to more fluid and protein moving into the interstitial space. Increased 
permeability can contribute to edema, especially in inflammatory diseases or with high-volume fluid 
infusion. Neonates and sick children often have low plasma oncotic pressure, primarily dependent on 
plasma proteins such as albumin6. Hypoalbuminemia is common in sick neonates, leading to fluid 
redistribution and edema formation. Diminished albumin synthesis due to hepatic immaturity further 
exacerbates oncotic pressure changes and fluid redistribution7.  

The glycocalyx is crucial for regulating blood vessel permeability and is a carbohydrate layer covering the 
vascular endothelium. Its development and changes over time due to human growth have been detailed. 
Although studies on the growth of the child's glycocalyx are scarce, it is assumed that its functional maturity 
enhances liquid transport, especially during stress from surgery or severe illness, evident by increased 
crystalloid solutions over 40-60 mL/kg8, 9. This could hinder isotonic fluid resuscitation in maintaining 
plasma volume and correcting fluid deficits. In children, lower thresholds may arise due to their unique 
physiologies, requiring more cautious resuscitation. Guidelines suggest colloid solutions as a second-line 
therapy after crystalloids, but the evidence is insufficient for definitive guidance10. Benefits should be 
considered alongside risks like allergic reactions, coagulopathy, and renal dysfunction with older 
hydroxyethyl starch (HES) solutions11.  

Acid-Base Assessment 

Acid-base homeostasis is difficult to sustain in children owing to the fact that their metabolic rate is high 
but compensatory abilities are very low. The neonatal bicarbonate buffering system has a baseline 
concentration much lower at 20-22 mEq/L while in adults that level is more in the range of 24-26 mEq/L12. 
Thus, the low buffering capacity of neonates for metabolic acids decreases. Another factor that further 
lowers the low ability to buffer metabolic acids of neonates is the immature renal mechanism for the 
excretion of acids, which makes neonates much more susceptible to metabolic acidosis beyond stress 
conditions like surgery and critical illness. 

IV fluid administration greatly affects acid-base balance. A major player in such a situation is Normal Saline 
(0.9% NaCl). As the most typical crystalloid solution, it carries 154 mmol/L chloride where the normal 
plasma level might average about 100-110 mmol/L13. Large normal saline loads may result in 
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hyperchloremic metabolic acidosis and dramatically worsen pre-existing acidosis in critically ill pediatric 
patients or patients involved in major surgical management requiring massive fluid input8.  

Some balanced crystalloids (BCS) that do not generate hyperchloremic acidosis and contain electrolyte 
composition like plasma, plus buffers such as lactate, acetate, or gluconate which are converted to 
bicarbonate in the body include Ringer's lactate and Plasma-Lyte9. These types of solutions are low potential 
mediators of iatrogenic acid-base disturbances and are gradually becoming the standard practice for 
intraoperative fluid therapy in the pediatric population to whom large volumes of fluids need to be 
administered10. Conditions that influence the relationship between perioperative fluid choice and acid-base 
balance are stronger in those with established renal or metabolic conditions. States of chronic kidney disease 
are associated with an acidosis, hyperkalemia, hypocalcemia, and hyperphosphatemia in a pediatric patient. 
Thus, during the intraoperative period fluids have to be chosen relative to any baseline electrolyte 
abnormality or acid-base abnormality to prevent further deviation during the time of surgery. 

Glucose Homeostasis 

Metabolic differences between children and adults are important in the regulatory control and pertinence of 
glucose to the regulation of the management of fluids during surgery. Neonates, particularly preterm 
neonates, have limited stores of glycogen and utilization of glucose accelerated, making them more prone 
to hypoglycemia in the fasted state11. The condition is even more deteriorated in a neonate who is 
inappropriate for gestational age, or intrauterine exposure to processes of maternal diabetes or beta-
blockers14-16.  

Historically, many pediatricians have used glucose solutions as maintenance fluid therapy for pediatric 
patients due to a general feeling of hypoglycemia risk17. Surgical physiological stress leads to hyperglycemia 
because during any surgery, there is increased catecholamine stress with insulin resistance18. Osmotic 
diuresis can be expected resulting from hyperglycemia, leading to dehydration and adverse neurological 
outcomes due to electrolyte imbalances, especially in the settings of cerebral ischemia19.  

Modern strategies of glucose management have come to explicitly consider age, fasting duration, and the 
specific type of surgery. As patients are mostly children, undergoing elective surgeries that require only a 
short fasting period, routine glucose is usually not necessary at all. The neonates, infants <1 year, and 
children with a greater inherent risk of hypoglycemia would ideally benefit from treatment with 1–2% 
glucose in isotonic solutions, diabetic hyperglycemia being prevented very firmly while relatively safely 
removing the significant hyperglycemia risk20.  

Perioperative blood glucose monitoring remains relatively critical, more so when working with neonates, 
long surgical procedures, and high-risk patients who, if not carefully managed, may develop problems of 
glucose imbalance. Early diagnosis of derangements in glucose levels helps in timely intervention and 
modifications to fluid therapy. Although much debate continues on the optimal upper limit for safe blood 
glucose levels in children undergoing surgery, it is widely accepted that levels between 70 and 180 mg/dL 
would be appropriate21. 

The relationship of glucose to electrolyte balance should be appropriately recognized. Until quite recently, 
glucose used to be the standard maintenance fluid in a pediatric patient conjugated with hypotonic saline 
solutions i.e. 5% dextrose in either 0.2% NaCI or 0.45% NaCl. The realization that iatrogenic hyponatremia 
is a major complication of this practice has led to a recommendation that glucose be used only with isotonic 
solutions when absolutely necessary, and not with hypotonic fluids22.  

Electrolytes 

Maintenance of electrolytes in children, inappropriate regulation, and relatively higher metabolic 
requirements presents some distinct challenges; since the regulatory mechanism is immature and metabolic 
requirements are high during this period of life.  

Sodium is the major determinant of plasma osmolarity and, therefore, the control of the movement of fluid 
between the different compartments. Increased risk of hyponatremic brain edema in prepubescent children 
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results from a large brain-to-cranial-vault ratio, low Na-K ATPase activity, and high levels of ADH, 
especially under stress23-25. This relative increase in susceptibility mandates an increased surveillance role for 
the sodium solutions in IV fluids given in the context of pediatric anesthesia. This rising susceptibility 
suggests increased vigilance for sodium solutions within IV fluids in pediatric anesthesia management. 
Current evidence highly recommends isotonic solutions for maintenance therapy during the most common 
pediatric surgical conditions. Previous studies have additionally pointed to the possible association between 
hypotonic fluids and hyponatremia among the pediatric population26. In 2018, the American Academy of 
Pediatrics released a Key Action Statement recommending isotonic solutions with appropriate potassium 
chloride (KCl) and dextrose to be administered to pediatric patients 28 days to 18 years of age who require 
maintenance intravenous fluids27.  

The management of potassium levels in children is critically important, especially in the immediate 
postoperative period. Potassium chloride should be added to maintenance fluids unless nutritional fluid is 
contraindicated for the child because of hyperkalemia or deteriorating renal function27. There may be 
differences in opinions about the amount of potassium to be supplemented. However, in practice, most 
clinicians give 20 mEq/L of KCl to all patients irrespective of weight. Others suggest 10 mEq/L for patients 
under 10 kg 27. Supplementation of potassium would be preferred in long procedures, to avoid hypokalemia, 
which can cause cardiac arrhythmia and neuromuscular weakness.   

Clinical Assessment of Fluid Status 

Current clinical and monitoring indicators impose limitations on the accurate assessment of fluid status and 
responsiveness in pediatric patients. 

Traditional clinical markers of dehydration, such as skin turgor, mucous membrane moisture, and capillary 
refill, provide meaningful but sometimes slightly imprecise approximations to the state of hydration. The 
dependencies on these parameters are falling even lower in the conditions of anesthesia, that being driven 
by an influence on peripheral circulation, the effect of anesthetic agents on vascular tone, and external 
conditions regarding the ambient temperature and use of vasopressors.  

Body weight changes remain fairly sensitive to relatively rapid changes in the fluid status of children. A 
reduction in weight specifically by at least 5% might point towards mild dehydration, 10% to moderate 
dehydration, and for 15% loss or higher, it would be severe dehydration- at risk of circulatory compromise. 
In emergent situations, however, practical application is often restricted due to the lack of available pre-
illness weight.  

Hemodynamic parameters include heart rate and blood pressure, pulse pressure but are of limited value in 
assessing volume status. Age and temperature, emotion, pain, anxiety, and age physiological variability in 
heart rate make it a relatively insensitive indicator of early hypovolemia in children28. Relatively late blood 
pressure is often maintained within normal ranges until relatively late in the progression of hypovolemia due 
to the compensatory increase in peripheral vascular resistance, particularly in healthy children with robust 
compensatory mechanisms. 

Since there is limited information about responsiveness to fluids, Central Venous Pressure (CVP) 
monitoring is not used. The static values for CVP were also poorly correlated with intravascular volume and 
preload responsiveness. This complicates its interpretation due to shifts in venous compliance, intrathoracic 
pressure during mechanical ventilation, and cardiac function. In similar situations, it often creates a 
misleading perception of its actual presence29-31.  

Most parameters reflecting preload dependence are inspired by the functional interaction between the heart 
and lungs in mechanically ventilated patients—pulse pressure variation, stroke volume variation, and inferior 
vena caval respiratory variations. In adults, they have been studied extensively as predictors of fluid 
responsiveness32, 33. Evidence of their applicability in pediatric patients is poor and sometimes contradictory. 
This reduces the possibility of applying these dynamic indices clinically. Increased chest wall compliance 
and higher basal heart rate with smaller tidal volumes in children may further contribute to limited reliability 
of these dynamic parameters. 
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Technological advances, including esophageal Doppler monitoring, transpulmonary thermodilution, and 
non-invasive cardiac output monitoring, offer potential advantages in assessing fluid status and 
responsiveness in pediatrics. Table 2 summarizes various monitoring methods that can be used to assess 
fluid status in pediatric patients during the perioperative period. However, it tends to face challenges in 
terms of technological complexity as implementation factors, requiring expertise and, in general, insufficient 
validation in diverse cohorts of pediatrics studies. 

The limitations of single assessment methods call for the need to undertake a multimodal approach to assess 
fluid status. Integrating clinical signs, basic hemodynamic data, laboratory parameters (lactate, base deficit, 
and urine output), and, if available, advanced monitoring tools enable one to achieve the most complete 
assessment of fluid status in a child and therefore guide proper management.  

Table 2. Monitoring methods for body fluid status in pediatric perioperative care. 

Monitoring Method Key Characteristics Advantages Limitations 

CLINICAL ASSESSMENT METHODS 

Clinical Signs Heart rate, blood pressure, 
capillary refill time, mucous 
membrane moisture, skin 
turgor, 
mental status 

Readily available 
Non-invasive 
First-line 
assessment tool 

Late indicators 
Poor correlation with 
mild/moderate dehydration 
Subjective assessment 

Body Weight 1 kg weight change 
approximates 1L fluid 
loss/gain 

Gold standard for 
acute fluid changes 
Objective 
measurement 

Baseline weights often 
unavailable in acute settings 
Affected by factors other than 
fluid (e.g., food intake) 

Standardized 
Dehydration 
Assessment 

Structured tools based on % 
weight loss and clinical 
symptoms 

Categorizes 
dehydration severity 
Systematic 
approach 

Relies on symptoms that may not 
always be present 
Variable interpretation between 
clinicians 

INVASIVE HEMODYNAMIC MONITORING 

Central Venous 
Pressure  

Direct measurement of right 
atrial pressure 

Continuous 
monitoring 
Direct pressure 
measurement 

Poor correlation with actual 
volume status 
Invasive with risks of central line 
Limited value in children 

Arterial Pressure 
Monitoring 

Continuous arterial pressure 
waveform analysis  

Continuous 
hemodynamic data 
Enables dynamic 
parameter 
assessment 

Limited predictive value in 
children 
Pulse pressure variation utility is 
variable 
Age/ventilation dependent 

Esophageal Doppler 
Monitoring 

EDM calculates SV, CO, FTc, 
and peak velocity. FTc serves 
as a preload indicator. 

Minimally invasive 
Clinically accurate 
across all pediatric 
ages 
Continuous 
monitoring 

Technical limitations such as age 
and size restrictions, probe 
positioning difficulties, and 
operator dependency 
Esophageal stricture, recent 
esophageal surgery, severe 
coagulopathy, and esophageal 
varices are absolute 
contraindications for EDM. 

Transpulmonary 
Thermodilution 
(PiCCO) 

Combines thermodilution with 
pulse contour analysis; 
measures CO, GEDV, 
EVLWI 

Comprehensive 
hemodynamic data 
Useful in complex 
surgeries 
Validated in 
pediatric liver 
transplantation 

Requires arterial and central 
venous access 
Not suitable for routine cases 
Invasive 

NON-INVASIVE MONITORING TECHNOLOGIES 
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Echocardiography & 
Ultrasound 

Transthoracic echo, IVC 
ultrasound, lung ultrasound 

Non-invasive 
Bedside evaluation 
Comprehensive 
cardiac assessment 
IVC collapsibility 
predicts fluid 
responsiveness 

Operator-dependent 
Requires specialized training 
Intermittent measurement 
Equipment availability 

Electrical 
Bioimpedance 

Measures total body water, 
extracellular and intracellular 
fluid volumes 

Non-invasive 
Validated in 
children 
Pre/post-op utility 
Good correlation 
with reference 
methods 

Electromagnetic interference in 
OR 
Limited intraoperative 
monitoring 
Requires specific equipment 

Electrical 
Cardiometry / 
USCOM 

Non-invasive cardiac output 
monitoring based on changes 
in thoracic electrical 
conductivity / ultrasonic 
Doppler technology 
 

Non-invasive 
Continuous 
monitoring 
Predicts fluid 
responsiveness 
Validated in 
children 

Evidence still emerging 
Device-dependent results 
Variable accuracy in specific 
populations 

Pleth Variability 
Index 

Calculates respiratory 
variations in pulse oximetry 
waveforms 

Non-invasive 
Can be automated 
Uses existing 
monitoring 
equipment 

Limited value in spontaneously 
breathing children 
Variable evidence in children <2 
years 
Requires mechanical ventilation 
for optimal use 

EMERGING TECHNOLOGIES 

Near-Infrared 
Spectroscopy 

Continuous monitoring of 
regional tissue oxygenation 

Non-invasive 
Continuous 
monitoring 
Valued in cardiac 
surgery 
Reflects tissue 
perfusion 

Limited to specialized settings 
Primarily research application 
Requires interpretation expertise 

Advanced 
Ultrasound 
Techniques 

Multi-organ protocols, left 
brachiocephalic vein 
assessment 

Comprehensive 
assessment 
Non-invasive 
Point-of-care 
evaluation 

Not standardized 
Requires operator skill 
Developing evidence base 

Machine Learning 
Applications 

Integrates multiple 
physiological variables for fluid 
responsiveness prediction 

Multi-parameter 
integration 
Potential for 
improved accuracy 
Automated 
interpretation 

Experimental 
Not in routine clinical use 
Requires validation 

Abbreviations: CO, Cardiac Output; EDM, Esophageal Doppler Monitoring; EVLWI, Extravascular Lung Water Index; FTc, 
Corrected Flow Time; GEDV, Global End-Diastolic Volume; IVC, Inferior Vena Cava; SV, Stroke Volume; USCOM, Ultrasonic 
Cardiac Output Monitor. 

Types of Fluids Used in Pediatric Intraoperative Management 

Optimal intraoperative fluid treatments in pediatrics are performed using an IV route. Many IV fluids are 
available with major differences in properties, indications, and contraindications (see, Table 1). A detailed 
choice of fluid will assure patient-tailored administration that fits the needs of the patient, complies with the 
intricacies of the surgery performed on the patient, and complies with various physiological factors. The 
management of fluids in pediatrics has undergone considerable changes over the last decade. There is a 
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growing body of evidence to support these changes because it decreases iatrogenic complication risks as an 
evidence-based practice. 

Table 1. Comparison of perioperative fluids in pediatric patients. 

Fluid Type Composition 
(per 100 mL) 

Tonicity Key Indications Potential Adverse Effects & 
Considerations 

CRYSTALLOIDS 

0.9% Sodium 
Chloride  

Na⁺ 15.4 mEq, 

Cl⁻ 15.4 mEq 

Isotonic (308 
mOsm/L) 

Initial resuscitation for 
hypovolemia, replace 
gastric losses, correct 
hyponatremia and 
hypochloremia. 

Large volumes may cause 
transient hyperchloremic 
metabolic acidosis and 
decreased glomerular 
filtration rate. 

Lactated Ringer's 
Solution 

Na⁺ 13 mEq, K⁺ 

0.4 mEq, Ca²⁺ 

0.3 mEq, Cl⁻ 
10.9 mEq, 
Lactate 2.8 mEq 

Isotonic (273 
mOsm/L) 

Maintenance fluid. 
Replacement of fluid 
deficits and ongoing 
losses. 
Balanced composition 
mimics plasma. 

Lactate converts to 
bicarbonate; use cautiously in 
liver failure. Avoid with 
blood products due to 
calcium (clotting risk). 

Plasma-Lyte A Na⁺ 14 mEq, K⁺ 

0.5 mEq, Mg²⁺ 

0.3 mEq, Cl⁻ 9.8 
mEq, Acetate 
2.7 mEq, 
Gluconate 2.3 
mEq 

Isotonic (294 
mOsm/L) 

Maintenance fluid. 
Replacement of fluid 
deficits and ongoing 
losses. 
A balanced, buffered 
solution. 

Contains magnesium, 
important for patients with 
renal failure. Acetate, 
metabolized by muscle, is 
suitable for liver dysfunction. 

D5W Dextrose 5g Isotonic in the 
bag (252 
mOsm/L), but 
physiologically 
hypotonic 

Correction of free water 
deficit. 
Vehicle for medication 
administration. 

Not suitable for resuscitation 
or maintenance as it spreads 
throughout body water 
compartments, providing 
minimal blood volume 
increase. Rapid dextrose 
metabolism leaves free water, 
raising the risk of 
hyponatremia and cerebral 
edema. 

D5 ½ NS Dextrose 5g, 

Na⁺ 7.7 mEq, 

Cl⁻ 7.7 mEq 

Hypertonic in 
the bag (406 
mOsm/L), but 
physiologically 
hypotonic 

Historically used for 
maintenance, but now 
less favored due to 
hypotonicity. 

Poses a high risk of 
hyponatremia post-surgery 
due to elevated ADH levels; 
not advised for routine 
maintenance by current 
guidelines. 

D5 ¼ NS Dextrose 5g, 

Na⁺ 3.4 mEq, 

Cl⁻ 3.4 mEq 

Isotonic in the 
bag (280 
mOsm/L), but 
physiologically 
hypotonic 

Previously used for 
maintenance in 
neonates and young 
infants. 

High risk of iatrogenic 
hyponatremia; isotonic 
solutions are preferred. 

COLLOIDS 

5% Albumin Albumin 5g Isotonic Volume expansion in 
severe hypovolemia or 
hypoalbuminemia. 
Cases with significant 
capillary leak. 

Expensive. 
Risk of allergic reactions. 
No proven mortality benefit 
over crystalloids in most 
situations. 
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HES Varies by 
product 

Isotonic to 
hypertonic 

Previously used for 
volume resuscitation. 

Avoided in critically ill adults 
due to risks of kidney injury, 
coagulopathy, and increased 
mortality. Restricted and not 
recommended for children. 
Considered for surgeries with 
major bleeding risk, but 
evidence is lacking. 

Gelatins Varies by 
product 

Isotonic Volume expansion. More anaphylactoid 
reactions than other colloids; 
shorter intravascular half-life 
than HES. 

Abbreviations: ADH, Antidiuretic hormone; D5W, 5% Dextrose in Water; D5 ½ NS, 5% Dextrose+0.45% Sodium Chloride; D5 ¼ NS, 5% 
Dextrose+ 0.2% Sodium Chloride; HES, Hydroxyethyl Starches. 

Crystalloid Solutions 

Crystalloids play a rudimentary role in pediatric intraoperative fluid management, with major strides in their 
preparation and application over the years. Solutions consist primarily of a solvent with some electrolytes, 
which is notable for the lack of larger macromolecules of protein or starch. Tonicity classification describes 
isotonic and hypotonic solutions, whereas electrolyte composition may be categorized as balanced or 
unbalanced. Each type has its advantages and aspects to be taken into consideration, which are applied to 
pediatric patients based on the proper clinical setting. 

Isotonic versus Hypotonic Solutions 

Given the vulnerability of pediatric patients to electrolyte imbalances, isotonic solutions are preferred 
because they closely mimic the osmolarity of the child's plasma, reducing the risk of exacerbating 
imbalances. A major shift has occurred in pediatric fluid management, specifically in the fluid's tonicity for 
maintenance purposes. Traditionally, besides 5% glucose, hypotonic solutions were widely used, such as 
0.2% NaCl (30 mmol/L sodium) and 0.45% NaCl (77 mmol/L sodium)34. Based on the historical 
framework established by Holliday and Segar, the metabolic needs of children are prescribed35. This 
methodology has been around since the 1950s and was really based on a wrong assumption, that relatively 
immature renal function of children would limit their ability to excrete sodium effectively. Moreover, 
contemporary research has proved that using hypotonic solutions radically increases potential risks for 
iatrogenic hyponatremia, especially in a perioperative setting36. 

The risks of hypotonic solutions have been extensively reported by several randomized controlled trials 
about the risks associated with the administration of hypotonic fluids to surgical patients. An interesting 
Cochrane review proved that there was a decrease in the incidence of hyponatremia by 52% when isotonic 
fluids were used as compared to hypotonic fluids37. The finding is of substantive relevance since in the 
prepubertal child, a very high degree of vulnerability to the cerebral edema phenomenon associated with 
hyponatremia is expressed, which includes increased brain-to-cranial-volume ratio, Na-K ATPase pump 
activity, and levels of ADH responsive to surgical stress. Hyponatremia can be a very significant clinical 
entity with restlessness, headache, seizures, and even sudden death in its severe form in this population38, 39. 

In its revised guidelines, the American Academy of Pediatrics now defines that isotonic solutions with 
proper concentrations of potassium chloride and dextrose be used for children aged from twenty-eight days 
to eighteen years for maintenance intravenous fluid therapy22. This dramatic reversal of advice marks a major 
deviation from customary practice, supported by newly available strong evidence towards the same end, 
which is the improvement of patient safety. 

Balanced versus Unbalanced Solutions 

In the field of isotonic solutions, one major comparison that can be formed is BCS against their unbalanced 
siblings, with the main characteristic being the widely used `normal saline' or 0.9% sodium chloride. 
Although it is very common in clinical practice, that solution does not meet the physiological standard 
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because the chloride level (154 mmol/L) is way over the level found in plasma, which is around at about 
100-110 mmol/L. 

The infusion of large amounts of 0.9% NaCl is associated with a diversity of adverse physiological effects. 
Such include hyperchloremic metabolic acidosis, fluid retention, renal vasoconstriction, and a fall in the 
GFR that have been seen both in adults and in pediatrics40. 

These formulations, indeed like BCS, have an electrolyte composition closer to that of human plasma and 
have buffering agents like lactate, acetate, or gluconate that are metabolized to bicarbonate. Such buffers 
decrease the appearance of hyperchloremic as well as dilutional metabolic acidosis, which can develop after 
infusion with normal saline. Some of the frequently used balanced solutions are Ringer's lactate (also known 
as Hartmann's solution) and Plasma-Lyte as well as other acetate buffered isotonic preparations. 

A recent meta-analysis of three randomized controlled trials on 162 critically ill pediatric patients showed 
that hydration with balanced crystalloids improved metabolic acidosis and bicarbonate levels as compared 
with 0.9% NaCl at 4-12 hours41. In its recommendation, the Society of Pediatric and Neonatal Intensive 
Care also strongly prefers balanced crystalloid solutions as maintenance fluids in acutely and critically ill 
children42.  In fact, in the European Consensus Statement from 2011 and the guidelines of the Association 
of the Scientific Medical Societies in Germany from 2016, preferential use of balanced crystalloid solutions 
for pediatric intraoperative maintenance fluid therapy is strongly advised20, 43.  

Solutions Containing Glucose 

The shift from conventional fluid regimens to the use of glucose marks a radical change in the field of 
medicine. Pediatric patients, especially neonates and young infants, maintain pronounced biochemical 
differences in glucose metabolism compared with adults. With lower glycogen storage and higher basal 
glucose consumption rates, these individuals are prone to hypoglycemia in fasting states. Generally, 5% 
dextrose solutions previously served as maintenance infusions in pediatric care. 

The surgical stimulation of the stress response also generally increases blood glucose levels by eliciting an 
increase in catecholamine secretion and developing insulin resistance44-46. Either condition can further 
worsen hyperglycemia admitted with high-concentration glucose solutions. This then makes the healthcare 
provider face a somewhat intense task in which they must mitigate the neurological hazards posed by both 
hyper- and hypoglycemia, the latter whose adverse effects might impend onto pediatric patients.  

The current evidence suggests that in most pediatric patients, it is preferable to use isotonic balanced 
solutions with 1%-2.5% glucose than the previously used 5% glucose concentration47, 48. 

A 2-4% glucose solution administered at 10 ml/kg/h was found to be more effective in the prevention of 
intraoperative catabolism, insulin resistance, rebound hyperglycemia, and acidosis when compared with a 
1% solution in low-birth-weight neonates49. This underlines the need for the right person and situation 
regarding the concentration of glucose. In the absence of other concerns, healthy children undergoing brief 
procedures for which they have been minimally fasted probably do not require provision of glucose50. 
Routine blood glucose measurements are, however, imperative for neonates, individuals undergoing 
prolonged procedures, and those with imbalances risk factors. 

Colloid Solutions 

Colloids comprise relatively large molecules, mostly proteins and starches. Logically, these substances 
should be kept inside the intravascular compartment for a longer time than crystalloids. Therefore, 
theoretically, colloids should be more effective in expanding volume. However, the debate concerning the 
use of colloids in pediatrics still continues because relatively low-quality evidence does not yet provide an 
answer that would be sufficiently satisfactory for guiding patient management51. Colloids can be primarily 
structured as natural proteins and synthetic colloids. 
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Natural Protein Colloids 

Albumin has usually been taken as the gold standard colloid for pediatric patients. However, new evidence 
has complicated that old perspective. In the year 2023, a quality improvement initiative implemented a 
systematic change program intervention to reduce the use of 5% human albumin solution in the Pediatric 
Intensive Care Unit52. Human albumin comes in concentrations from 5% to 20%, with 5%, the osmotic 
equivalent to plasma53. More than 50% of total plasma protein, and in fact, 80% of intravascular oncotic 
pressure, is due to this protein54.  

Although the empirical promise of albumin may appear optimistic, the evidence that is currently available 
does not support its clinical superiority over crystalloids. The use of albumin has been extensively researched 
among critically ill adult populations, and no study has shown a significant reduction in mortality55, 56. 
Furthermore, high-quality studies involving pediatric populations are few. Although it is known to be the 
least allergenic colloidal solution, the disadvantage of albumin is that it is the most expensive treatment with 
the potential to leave the blood vessels for the extra-vascular space, especially with high vascular permeability 
due to inflammation and critical illness conditions. Other natural protein colloids include stable human 
serum and lyophilized plasma; however, their use is uncommon, and evidence to support their use in 
pediatric perioperative settings is lacking. 

Synthetic Colloids 

Synthetic colloids have emerged because of their high cost and limited availability of albumin. The major 
classes are HES, gelatin, and dextran, which differ in their properties and safety considerations. 
Development in the third-generation HES solutions such as tetrastarch (HES 130/0.4) is the definitive 
response to the prolonged evolution observed. This is inspired mainly by the goal to rectify security issues 
attached to the former mixture Contemporary starches with a low molecular mass of 130,000 Da makes 
them safer. Hence, the risk of associated adverse events, such as renal failure, itching, and changes in 
hemostasis, is lower, while their volumetric effects are about the same57.  

A meta-analysis of nine randomized controlled trials showed that third-generation HES administration did 
not affect renal output or blood loss in pediatric consented patients to surgery58. There is reason to believe 
that HES in balanced electrolyte solutions may have less effect on acid-base and electrolyte balance 
compared to HES in saline59.  

With reference to their influence on coagulation and renal function, the questions about the synthetic 
colloids remain to be debated60, 61. Different studies have proposed increased blood loss potential after 
pediatric cardiopulmonary bypass procedures when HES solutions are used, though this is not constantly 
associated with higher transfusion needs62, 63. Some data is available on the "tipping of the balance" of 
thromboelastographic alterations in pediatric samples towards HES64.  

Gelatin solutions have high potential for eliciting anaphylactoid reactions and little positive volume effects, 
almost no hemostasis impact65, 66. Dextrans, being less used today, impede coagulation and pose imminent 
risks of anaphylaxis67, 68.  

Regulatory issues have played a major role in the availability of synthetic colloids, with HES products having 
been placed under regulatory suspension for patients of all ages in both Europe and the United States. This 
situation is further constraining the selection available to pediatric anesthesiologists. 

Clinical Application and Limitations 

The function of colloids in pediatric patient fluid balance management continues to evolve. However, 
current recommendations support the preference for crystalloids as the initial therapy69. However, there are 
situations where colloids may be quite appropriate, when, first of all, crystalloids are not effective. Some 
guidelines suggest starting colloids after 30-50 ml/kg of crystalloids have been given without achieving 
successful volume restoration. Most institutions have limited the routine use of colloids because they are 
more expensive than crystalloids and have scarce supporting evidence of improved outcomes. 
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A pragmatic approach, therefore, is that balanced crystalloid solutions should be used first, and colloids 
should be reserved for specific indications. Blood products should only be used when Hb levels or 
coagulation parameters indicate need. In scenarios where colloids are thought necessary, third-generation 
HES solutions might provide such a compromise amongst efficacy and safety in children with normal renal 
function and coagulation, although this remains controversial. There remains even more specific caution 
about synthetic colloids in neonates (due to immature coagulation systems) and post-cardiopulmonary 
bypass procedures. 

Conclusion 

Fluid management in pediatric surgery requires attention to total body fluid physiology, individual 
circumstances, and current evidence. The use of isotonic balanced crystalloid solutions with glucose (1% to 
2.5%) is strongly advocated, moving away from previous hypotonic solutions with higher glucose levels. 
Evidence is limited in more controversial areas such as the use of colloids or advanced monitoring 
techniques. Colloids have limited roles, and crystalloids are preferred as first-line therapy. Colloid therapy 
may be beneficial in high blood loss surgeries (e.g., cardiac surgery, major tumor surgeries, major trauma) 
where crystalloid administration exceeds 30-50 mL/kg without hemodynamic stability. Caution is advised 
in neonates and preterm infants due to risks of adverse effects. Colloids should be avoided in patients with 
renal dysfunction or coagulopathy. While HES solution has mixed safety profiles, natural colloids like 
albumin may be considered in specific cases, despite limited evidence for improved outcomes. 

Pediatric fluid management must be age-appropriate. Neonates require tailored approaches, whereas school-
age children typically tolerate standard isotonic protocols, with adolescents needing more adult-like 
strategies. Crucial gaps in pediatric fluid therapy include validating dynamic fluid responsiveness monitors 
in children and developing pediatric-specific assessment protocols for point-of-care ultrasound. The 
application of artificial intelligence in fluid management, including predictive algorithms for fluid 
responsiveness, is an emerging area of interest. Comparative effectiveness research is needed for optimal 
fluid strategies in subpopulations with conditions such as congenital heart disease and chronic kidney 
disease. Advancements in pediatric fluid monitoring should prioritize non-invasive, continuous tools 
tailored for children. Wearable devices for real-time fluid status assessment and automated decision support 
systems could enhance fluid management. Additionally, integrating telemedicine for remote monitoring in 
varied healthcare settings may improve pediatric outcomes. 

In summary, while crystalloid solutions are central to pediatric intraoperative fluid therapy, individual 
treatment strategies based on age and surgical complexity are crucial. Future research should focus on 
pediatric-specific technologies, validating fluid parameters, and refining evidence-based protocols. 

References 

1. Lee H, Kim JT. Pediatric perioperative fluid management. Korean J Anesthesiol. 2023;76(6):519-30. doi:10.4097/kja.23128 
2. Mathew A, Rai E. Pediatric perioperative fluid management. Saudi J Anaesth. 2021;15(4):435-40. doi:10.4103/sja.sja_140_21 
3. Iacobelli S, Guignard JP. Maturation of glomerular filtration rate in neonates and infants: an overview. Pediatr Nephrol. 

2021;36(6):1439-46. doi:10.1007/s00467-020-04632-1 
4. Al Awad EH, Yusuf K, Soraisham AS, Obaid H, Sundaram A, Samedi V et al.. Transient Hyperaldosteronism and Neonatal 

Hypertension: Case Series and Literature Review. J Clin Neonatol. 2018;7(3):185-9. doi:10.4103/jcn.JCN_57_18 
5. Rao S, Pena C, Shurmur S, Nugent K. Atrial Natriuretic Peptide: Structure, Function, and Physiological Effects: A Narrative 

Review. Curr Cardiol Rev. 2021;17(6):e051121191003. doi:10.2174/1573403X17666210202102210. 
6. Weaver LJ, Travers CP, Ambalavanan N, Askenazi D. Neonatal fluid overload-ignorance is no longer bliss. Pediatr Nephrol. 

2023;38(1):47-60. doi:10.1007/s00467-022-05514-4. 
7. Bunt JE, Rietveld T, Schierbeek H, Wattimena JL, Zimmermann LJ, van Goudoever JB. Albumin synthesis in preterm infants 

on the first day of life studied with [1-13C]leucine. Am J Physiol Gastrointest Liver Physiol. 2007;292(4):G1157-61. 
doi:10.1152/ajpgi.00300.2006. 

8. Stanski NL, Gist KM, Pickett K, Brinton JT, Sadlowski J, Wong HR, et al.. Electrolyte derangements in critically ill children 
receiving balanced versus unbalanced crystalloid fluid resuscitation. BMC Nephrol. 2022;23(1):388. doi:10.1186/s12882-022-
03009-w. 

9. Semler MW, Self WH, Rice TW. Balanced Crystalloids versus Saline in Critically Ill Adults. N Engl J Med. 2018;378(20):1951. 
doi:10.1056/NEJMc1804294. 

10. Arya V, Kavitha M, Mittal K, Gehlawat VK. Plasmalyte versus normal saline as resuscitation fluid in children: A randomized 
controlled trial. Journal of Pediatric Critical Care. 2021;8(3):134-8. doi:10.4103/jpcc.jpcc_14_21. 



226 Pediatric Intraoperative Fluid Therapy 

 

Arşiv Kaynak Tarama Dergisi . Archives Medical Review Journal   
 

11. Committee on F, Newborn, Adamkin DH. Postnatal glucose homeostasis in late-preterm and term infants. Pediatrics. 
2011;127(3):575-9. doi:10.1542/peds.2010-3851. 

12. Iacobelli S, Guignard JP. Renal aspects of metabolic acid-base disorders in neonates. Pediatr Nephrol. 2020;35(2):221-8. 
doi:10.1007/s00467-018-4142-9. 

13. Ramanan M, Hammond N, Billot L, Delaney A, Devaux A, Finfer S et al.. Serum chloride concentration and outcomes in 
adults receiving intravenous fluid therapy with a balanced crystalloid solution or 0.9% sodium chloride. Intensive Care Med. 
2025;51(2):249-58. doi:10.1007/s00134-024-07764-2. 

14. Rasmussen AH, Wehberg S, Fenger-Groen J, Christesen HT. Retrospective evaluation of a national guideline to prevent 
neonatal hypoglycemia. Pediatr Neonatol. 2017;58(5):398-405. doi:10.1016/j.pedneo.2016.12.002. 

15. Bateman BT, Patorno E, Desai RJ, Seely EW, Mogun H, Maeda A et al.. Late Pregnancy beta Blocker Exposure and Risks of 
Neonatal Hypoglycemia and Bradycardia. Pediatrics. 2016;138(3):e20160731. doi:10.1542/peds.2016-0731. 

16. Leelanukrom R, Cunliffe M. Intraoperative fluid and glucose management in children. Paediatr Anaesth. 2000;10(4):353-9. 
doi:10.1046/j.1460-9592.2000.00536.x. 

17. Becke K, Eich C, Hohne C, Johr M, Machotta A, Schreiber M et al.. Choosing Wisely in pediatric anesthesia: An interpretation 
from the German Scientific Working Group of Paediatric Anaesthesia (WAKKA). Paediatr Anaesth. 2018;28(7):588-96. 
doi:10.1111/pan.13383. 

18. Floh AA, Manlhiot C, Redington AN, McCrindle BW, Clarizia NA, Caldarone CA, et al.. Insulin resistance and inflammation 
are a cause of hyperglycemia after pediatric cardiopulmonary bypass surgery. J Thorac Cardiovasc Surg. 2015;150(3):498-504 
e1. doi:10.1016/j.jtcvs.2015.06.028. 

19. Kostopoulou E, Sinopidis X, Fouzas S, Gkentzi D, Dassios T, Roupakias S et al.. Diabetic Ketoacidosis in Children and 
Adolescents; Diagnostic and Therapeutic Pitfalls. Diagnostics (Basel). 2023;13(15):2602. doi:10.3390/diagnostics13152602. 

20. Sumpelmann R, Becke K, Crean P, Johr M, Lonnqvist PA, Strauss JM, et al.. European consensus statement for intraoperative 
fluid therapy in children. Eur J Anaesthesiol. 2011;28(9):637-9. doi:10.1097/EJA.0b013e3283446bb8. 

21. de Bock M, Codner E, Craig ME, Huynh T, Maahs DM, Mahmud FH et al.. ISPAD Clinical Practice Consensus Guidelines 
2022: Glycemic targets and glucose monitoring for children, adolescents, and young people with diabetes. Pediatr Diabetes. 
2022;23(8):1270-6. doi:10.1111/pedi.13455. 

22. Feld LG, Neuspiel DR, Foster BA, Leu MG, Garber MD, Austin K et al.. Clinical Practice Guideline: Maintenance Intravenous 
Fluids in Children. Pediatrics. 2018;142(6):e20183083. doi:10.1542/peds.2018-3083. 

23. Ayus JC, Achinger SG, Arieff A. Brain cell volume regulation in hyponatremia: role of sex, age, vasopressin, and hypoxia. Am 
J Physiol Renal Physiol. 2008;295(3):F619-24. doi:10.1152/ajprenal.00502.2007. 

24. Oh GJ, Sutherland SM. Perioperative fluid management and postoperative hyponatremia in children. Pediatr Nephrol. 
2016;31(1):53-60. doi:10.1007/s00467-015-3081-y. 

25. Hill LL. Body composition, normal electrolyte concentrations, and the maintenance of normal volume, tonicity, and acid-base 
metabolism. Pediatr Clin North Am. 1990;37(2):241-56. doi:10.1016/s0031-3955(16)36865-1. 

26. Eaddy N, Watene C. Perioperative management of fluids and electrolytes in children. BJA Educ. 2023;23(7):273-8. 
doi:10.1016/j.bjae.2023.03.006. 

27. Kight BP, Waseem M. Pediatric Fluid Management. StatPearls. StatPearls Publishing Copyright © 2025, StatPearls Publishing 
LLC.; 2025.. 

28. Heal C, Harvey A, Brown S, Rowland AG, Roland D. The association between temperature, heart rate, and respiratory rate in 
children aged under 16 years attending urgent and emergency care settings. Eur J Emerg Med. 2022;29(6):413-6. 
doi:10.1097/MEJ.0000000000000951. 

29. De Backer D, Vincent JL. Should we measure the central venous pressure to guide fluid management? Ten answers to 10 
questions. Crit Care. 2018;22(1):43. doi:10.1186/s13054-018-1959-3. 

30. Marik PE, Baram M, Vahid B. Does central venous pressure predict fluid responsiveness? A systematic review of the literature 
and the tale of seven mares. Chest. 2008;134(1):172-8. doi:10.1378/chest.07-2331. 

31. Cecconi M, Aya HD. Central venous pressure cannot predict fluid-responsiveness. Evid Based Med. 2014;19(2):63. 
doi:10.1136/eb-2013-101496. 

32. Michard F, Teboul JL. Predicting fluid responsiveness in ICU patients: a critical analysis of the evidence. Chest. 
2002;121(6):2000-8. doi:10.1378/chest.121.6.2000. 

33. Marik PE, Cavallazzi R, Vasu T, Hirani A. Dynamic changes in arterial waveform derived variables and fluid responsiveness 
in mechanically ventilated patients: a systematic review of the literature. Crit Care Med. 2009;37(9):2642-7. 
doi:10.1097/CCM.0b013e3181a590da. 

34. Costlow L. Maintenance Intravenous Fluids in Children: AAP Provides Recommendations. Am Fam Physician. 2019;100:251.  
35. Holliday MA, Ray PE, Friedman AL. Fluid therapy for children: facts, fashions and questions. Arch Dis Child. 2007;92:546-

50. doi:10.1136/adc.2006.106377. 
36. Andersen C, Afshari A. Impact of perioperative hyponatremia in children: A narrative review. World J Crit Care Med. 

2014;3(4):95-101. doi:10.5492/wjccm.v3.i4.95. 
37. 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 Syst Rev. 2014;2014(12):CD009457. 
doi:10.1002/14651858.CD009457.pub2. 

38. Sarnaik AP, Meert K, Hackbarth R, Fleischmann L. Management of hyponatremic seizures in children with hypertonic saline: 
a safe and effective strategy. Crit Care Med. 1991;19(6):758-62. doi:10.1097/00003246-199106000-00005. 

39. Bezinover D, Nahouraii L, Sviatchenko A, Wang M, Kimatian S, Saner FH et al.. Hyponatremia Is Associated With Increased 
Mortality in Children on the Waiting List for Liver Transplantation. Transplant Direct. 2020;6(10):e604. 
doi:10.1097/txd.0000000000001050. 



Güleç 227 

                                                                                               

Arşiv Kaynak Tarama Dergisi . Archives Medical Review Journal  
 

40. Chowdhury AH, Cox EF, Francis ST, Lobo DN. A randomized, controlled, double-blind crossover study on the effects of 2-
L infusions of 0.9% saline and plasma-lyte® 148 on renal blood flow velocity and renal cortical tissue perfusion in healthy 
volunteers. Ann Surg. 2012;256(1):18-24. doi:10.1097/SLA.0b013e318256be72. 

41. Lehr AR, Rached-d'Astous S, Barrowman N, Tsampalieros A, Parker M, McIntyre L et al.. Balanced Versus Unbalanced Fluid 
in Critically Ill Children: Systematic Review and Meta-Analysis. Pediatr Crit Care Med. 2022;23(3):181-91. 
doi:10.1097/pcc.0000000000002890. 

42. Brossier DW, Tume LN, Briant AR, Jotterand Chaparro C, Moullet C, Rooze S et al.. ESPNIC clinical practice guidelines: 
intravenous maintenance fluid therapy in acute and critically ill children- a systematic review and meta-analysis. Intensive Care 
Med. 2022;48(12):1691-708. doi:10.1007/s00134-022-06882-z. 

43. Sumpelmann R, Becke K, Brenner S, Breschan C, Eich C, Hohne C et al.. Perioperative intravenous fluid therapy in children: 
guidelines from the Association of the Scientific Medical Societies in Germany. Paediatr Anaesth. 2017;27(1):10-8. 
doi:10.1111/pan.13007. 

44. Finnerty CC, Mabvuure NT, Ali A, Kozar RA, Herndon DN. The surgically induced stress response. JPEN J Parenter Enteral 
Nutr. 2013;37(5):21-9. doi:10.1177/0148607113496117. 

45. Desborough JP. The stress response to trauma and surgery. Br J Anaesth. 2000;85(1):109-17. doi:10.1093/bja/85.1.109. 
46. Yuki K, Matsunami E, Tazawa K, Wang W, DiNardo JA, Koutsogiannaki S. Pediatric Perioperative Stress Responses and 

Anesthesia. Transl Perioper Pain Med. 2017;2(1):1-12. 
47. Lindestam U, Norberg Å, Frykholm P, Rooyackers O, Andersson A, Fläring U. Balanced electrolyte solution with 1% glucose 

as intraoperative maintenance fluid in infants: a prospective study of glucose, electrolyte, and acid-base homeostasis. Br J 
Anaesth. 2024;134(5):1432-9. doi:10.1016/j.bja.2024.08.041. 

48. Sumpelmann R, Mader T, Eich C, Witt L, Osthaus WA. A novel isotonic-balanced electrolyte solution with 1% glucose for 
intraoperative fluid therapy in children: results of a prospective multicentre observational post-authorization safety study 
(PASS). Paediatr Anaesth. 2010;20(11):977-81. doi:10.1111/j.1460-9592.2010.03428.x. 

49. Datta PK, Pawar DK, Baidya DK, Maitra S, Aravindan A, Srinivas M et al.. Dextrose-containing intraoperative fluid in 
neonates: a randomized controlled trial. Paediatr Anaesth. 2016;26(6):599-607. doi:10.1111/pan.12886. 

50. Vetter L, Sümpelmann R, Rudolph D, Röher K, Vetter M, Boethig D et al.. Short anesthesia without intravenous fluid therapy 
in children: Results of a prospective non-interventional multicenter observational study. Paediatr Anaesth. 2024;34(5):454-8. 
doi:10.1111/pan.14847. 

51. Bailey AG, McNaull PP, Jooste E, Tuchman JB. Perioperative crystalloid and colloid fluid management in children: where are 
we and how did we get here? Anesth Analg. 2010;110(2):375-90. doi:10.1213/ANE.0b013e3181b6b3b5. 

52. Inata Y, Nakagami-Yamaguchi E, Hatachi T, Ito Y, Akamatsu T, Takeuchi M. Reducing Human Album Solution Use in the 
Pediatric Intensive Care Unit. Pediatr Qual Saf. 2023;8(4):e667. doi:10.1097/pq9.0000000000000667. 

53. Zdolsek M, Hahn RG. Kinetics of 5% and 20% albumin: A controlled crossover trial in volunteers. Acta Anaesthesiol Scand. 
2022;66(7):847-58. doi:10.1111/aas.14074. 

54. Weil MH, Henning RJ, Puri VK. Colloid oncotic pressure: clinical significance. Crit Care Med. 1979;7(3):113-6. 
doi:10.1097/00003246-197903000-00006. 

55. Zou Y, Ma K, Xiong J-B, Xi C-H, Deng X-J. Comparison of the effects of albumin and crystalloid on mortality among patients 
with septic shock: systematic review with meta-analysis and trial sequential analysis. Sao Paulo Med J. 2018;136(05):421-32. 
doi:10.1590/1516-3180.2017.0285281017. 

56. Patel A, Laffan MA, Waheed U, Brett SJ. Randomised trials of human albumin for adults with sepsis: systematic review and 
meta-analysis with trial sequential analysis of all-cause mortality. BMJ. 2014;349(22):g4561. doi:10.1136/bmj.g4561. 

57. Piazza O, Scarpati G, Tufano R. Update on transfusion solutions during surgery: review of hydroxyethyl starches 130/0.4. Int 
J Gen Med. 2010;3:287-95. doi:10.2147/IJGM.S3495. 

58. Thy M, Montmayeur J, Julien-Marsollier F, Michelet D, Brasher C, Dahmani S et al.. Safety and efficacy of peri-operative 
administration of hydroxyethyl starch in children undergoing surgery: A systematic review and meta-analysis. Eur J 
Anaesthesiol. 2018;35(7):484-95. doi:10.1097/EJA.0000000000000780. 

59. Base E, Standl T, Mahl C, Jungheinrich C. Comparison of 6% HES 130/0.4 in a balanced electrolyte solution versus 6% HES 
130/0.4 in saline solution in cardiac surgery. Crit Care. 2006;10(1):176. doi:10.1186/cc4523. 

60. Myburgh JA, Finfer S, Bellomo R, Billot L, Cass A, Gattas D, et al.. Hydroxyethyl starch or saline for fluid resuscitation in 
intensive care. N Engl J Med. 2012;367(20):1901-11. doi:10.1056/NEJMoa1209759. 

61. Hartog CS, Reuter D, Loesche W, Hofmann M, Reinhart K. Influence of hydroxyethyl starch (HES) 130/0.4 on hemostasis 
as measured by viscoelastic device analysis: a systematic review. Intensive Care Med. 2011;37:1725-37. doi:10.1007/s00134-
011-2385-z. 

62. Navickis RJ, Haynes GR, Wilkes MM. Effect of hydroxyethyl starch on bleeding after cardiopulmonary bypass: a meta-analysis 
of randomized trials. J Thorac Cardiovasc Surg. 2012;144(1):223-30. doi:10.1016/j.jtcvs.2012.04.009. 

63. Van Der Linden P, James M, Mythen M, Weiskopf RB. Safety of modern starches used during surgery. Anesth Analg. 
2013;116(1):35-48. doi:10.1213/ANE.0b013e31827175da. 

64. 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):1000-7. doi:10.1111/j.1365-2044.2007.05186.x. 

65. Saudan S. Is the use of colloids for fluid replacement harmless in children? Curr Opin Anaesthesiol. 2010;23(3):363-7. 
doi:10.1097/ACO.0b013e328339384e. 

66. 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 Med. 2012;38(7):1134-42. doi:10.1007/s00134-012-2560. 

67. Mitra S, Khandelwal P. Are All Colloids Same? How to Select the Right Colloid? Indian Journal of Anaesth. 2009;53:592-607.  



228 Pediatric Intraoperative Fluid Therapy 

 

Arşiv Kaynak Tarama Dergisi . Archives Medical Review Journal   
 

68. Shiratori T, Sato A, Fukuzawa M, Kondo NI, Tanno S. Severe Dextran-Induced Anaphylactic Shock during Induction of 
Hypertension-Hypervolemia-Hemodilution Therapy following Subarachnoid Hemorrhage. Case Rep Crit Care. 
2015;2015:967560. doi:10.1155/2015/967560. 

69. Akech S, Ledermann H, Maitland K. Choice of fluids for resuscitation in children with severe infection and shock: systematic 
review. BMJ. 2010;341:c4416. doi:10.1136/bmj.c4416. 

 


