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Neonates with surgical conditions may experience significant electrolyte abnormalities and 

dehydration of varying degrees. Increased awareness of perioperative hyponatremia and its 

associated morbidity has led to a shift in Pediatric fluid guidelines favoring the use of isotonic 

fluids. However, there is a lack of evidence-based guidelines for neonatal perioperative fluid 

administration, resulting in the extrapolation of fluid management principles from adults and 

children. This article reviews perioperative neonatal fluid management. 

 

INTRODUCTION 

Perioperative fluid management of neonates can be 

challenging due to several factors. Neonates are 

predisposed to both hypo and hypervolemia. 

Overzealous fluid resuscitation can lead to increased 

mortality whereas hypovolemia can increase the risk of 

hypotension and its sequelae, such as acute kidney 

injury. [1,2] Surgical neonates are a separate group, 

requiring specialized management in the perioperative 

period. Fluid resuscitation essentially follows 

pathways to approach normal physiology. The 

physiology of surgical neonates is vastly different and 

requires a tailored approach to specific conditions. 

During surgery, the neuroendocrine stress response 

characterized by a rapid increase in ADH occurs, 

therefore administration of effectively hypotonic 

solutions can lead to hyponatremia. [3] Hypotonic 

dextrose saline solutions continue to be the preferred 

intravenous fluid in the perioperative period despite 

the inherent risk of this hyponatremia. [4] 

Nuanced perioperative fluid management, targets to 

maintain homeostasis, which includes requisite tissue 

perfusion, metabolic, electrolyte, and acid-base status. 

[5] This critical perioperative period is known to 

increase stress response in neonates. Balanced fluid 

and electrolyte administration be achieved to improve 

surgical outcomes. A vigilant, clinical response is the 

cornerstone of prescribing intraoperative fluid and 

electrolytes. Glucose and acid-base monitoring also 

form an essential part of this equation. Herein, we 

reviewed perioperative fluid and electrolyte 

management. 

Renal physiology and postnatal adaptation in 

neonates 

Many physiological changes occur soon after birth. 

There is a dramatic rise in glomerular filtration rate 

during the first few days of life. As the neonate grows, 

there is a fall in the renal vascular resistance with an 

inversely associated rise in the mean arterial pressure. 

[6] This in turn increases the ECF volumes, and results 

in salt and water diuresis by the end of the second to 

third day of life.  

Various aspects of neonatal physiology warrant a 

cautious approach towards the fluid management of 

neonates. Neonatal kidneys have a relatively 

diminished capacity to concentrate urine, due to the 

decreased osmotic gradient in the renal interstitium. 

[7] An increased surface area with immature skin 

causes rapid insensible water loss, predisposing 

neonates to become water-depleted if fluid 

administration is inadequate. Normally adequate 

breastfeeding would take care of this aspect (in the 

early neonatal period), however, surgical neonates 

depend on extraneous fluid administration. On the 

contrary, neonates are also prone to developing fluid 
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overload because of the inability of the neonatal kidney 

to excrete diluted urine efficiently. 

Sodium excretion and conservation are limited by the 

immaturity of the neonatal kidney. The low GFR in the 

neonate is the limiting step in handling a high sodium 

load, and becomes a challenge, if excess free water is 

administered, in the intraoperative period. Associated 

Syndrome of inappropriate antidiuretic hormone 

(SIADH) may add to the challenges in this precarious 

period. Neonates also have limited capacity to excrete 

potassium, this may be attributed to the partial 

aldosterone resistance seen in neonates. [8] Surgeons 

anesthesiologists and intensivists must evaluate the 

neonate on a dynamic scale. A minimum of 6-8 hourly 

assessment of fluid and electrolyte orders is essential 

in critically ill surgical  

Neonatal fluid and electrolyte requirement 

Fluid therapy is initiated at 60-80 ml/kg/d with D10W 

and increased over the next few days (Table 1). [9] 

Premature neonates have a much higher fluid 

requirement because of high insensible losses. In the 

first 24 hours of life, the fluid administered can be 

sodium-free, and Potassium may be added after the 

establishment of diuresis. After 48 hours 3-5 

mEq/kg/d of Sodium and KCl (2-3 mEq/kg/d) is 

added along with urine output monitoring. Sick infants 

are more prone to symptomatic hypocalcemia and 

calcium administration should be considered (40 

mg/kg/day Elemental Calcium viz 4mL/kg/day 10% 

Calcium Gluconate). Neonatal fluid and electrolyte 

balance is a dynamic process, evolving throughout the 

neonatal period, and may pose considerable challenges 

in critically ill and surgical neonates. 

Table 1: Fluid requirement in term and preterm neonates 

Birth 

weight  

Day 

1 

Day 

2 

Day 

3  

Day 

4  

Day 

5 

Day 

6  

Day 

7 

<1000g 80 100 120 130 140 150 160 

1000 

to 

1500 g 

85 95 110 120 130 140 150 

>1500g 60   75 90    105 120 135 150 

Fluid and electrolyte abnormalities in the 

perioperative period in neonates 

Neonates with surgical conditions are exposed to the 

risk of dehydration due to reduced intake, increase in 

requirement or losses, and inadequate replacement. 

These babies are usually nursed in open care systems 

and repeatedly exposed for periodic reassessments. 

Surgical drains and dressings assess insensible losses 

as challenging. Infants with stomas and abdominal 

wall defects commonly suffer from dehydration and 

sodium depletion. [11] Repeated handling and 

transportation to units such as radiology and the 

operation theatre (OT) also pose an important 

challenge when calculating the fluid requirement. On 

the other hand, these neonates are also predisposed to 

overload if unmonitored fluid is administered.  

Despite administration of isotonic fluids, children 

undergoing surgery are at a higher risk for developing 

hyponatremia. [10] Sodium wasting and hyperkalemia 

in neonates may be attributed to partial and transient 

unresponsiveness to Aldosterone. Hyperkalemia may 

occur in the postoperative period due to various 

reasons like blood transfusion, tissue handling and 

tissue cutting, and acute kidney insults.  Metabolic 

acidosis also is an important cause of postoperative 

hyperkalemia. It is essential to closely monitor urinary 

output and add potassium only after diuresis has 

begun. 

Type of fluids 

Dextrose content 

As hyperglycemia is a physiological response to 

surgery, healthy infants and children do not require 

intraoperative glucose administration. Owing to the 

improved knowledge of perioperative physiology, there 

has been a paradigm shift in the decreased usage of 

glucose-enriched fluids in the intraoperative period in 

children. However, the same is not true in neonates, as 

they are more prone to hypoglycemia in response to 

surgical stress. This can be attributed to low 

glycogen/fat stores in this population.  

There needs to be a balanced approach to the use of 

perioperative glucose-enriched fluids, as even 

hyperglycemia is associated with increased mortality 

and morbidity. [12] The challenge in glucose 

administration is to provide the adequate amount, 

sufficient to suppress gluconeogenesis and fat 

mobilization. [13,14] A 1-2.5% dextrose solution 

provides the best balance between the risk for 

hyperglycemia and hypoglycemia. This fluid is not 

available commercially, however can be easily prepared 

in the unit. Glucose monitoring should be strictly done 

in the perioperative period to maintain blood sugar in 

the euglycemic range. 

Hypotonic vs Isotonic fluids 

The fluid of choice varies and can be decided as per the 

underlying pathophysiology in the surgical neonate. In 

a normal neonate, hypotonic maintenance fluid is 

recommended. On the contrary most pediatric 

guidelines now recommend giving Isotonic/Balanced 

fluids to sick children. [15] One of the important causes 

of postoperative hyponatremia is the routine use of 

hypotonic solutions, which has been rightly 

questioned. [16] To maintain perioperative 

homeostasis, especially in neonates and preterm 

infants, it is essential to calculate and replenish the 

pre-operative fasting deficit with a balanced isotonic 

solution with 1-2.5% glucose enrichment. [17] For 

preoperative resuscitation, in term neonates, the 
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recommended fluid is isotonic crystalloids, as a bolus 

of 10-20 ml/kg over a short span of 10-15 minutes. 

This may be repeated with 2-3 aliquots as determined 

by hemodynamics and urine output. [18] 

Colloids 

Crystalloids are easily available at a low cost and are 

therefore the favored therapeutic option. [19] There is 

a paucity of literature on the use of colloids in 

neonates. Intraoperative hypovolemia in children can 

be managed with colloids after a reasonable trial of 

crystalloid infusion. They may increase the oncotic 

pressure in conditions where blood products are not 

indicated.  In children with hypovolemia, colloids can 

be used intraoperatively where crystalloids alone are 

not sufficiently effective and blood products are not 

indicated. [20] In neonates, 5% albumin is used 

preferentially. Albumin is widely used as it is iso-

osmotic to plasma and effective in maintaining blood 

pressure and plasma colloid perfusion pressure. [21] 

The deleterious effects of albumin infusion may be in 

conditions with increased capillary permeability like 

prematurity, sepsis, respiratory distress syndrome, 

and the immediate postoperative period. Albumin 

administration may be counterproductive in increasing 

tissue edema, which may occur when albumin quickly 

leaks from the leaky capillaries and causes an increase 

in oncotic pressure in the interstitial space.  

Fresh frozen plasma is commonly used in surgical 

units, without much evidence as a volume expander or 

a nutritional source. In neonates and infants, it is 

essential to use it only in neonates with coagulopathy. 

There is limited data on its use as volume replacement 

in symptomatic infants. [22] A Cochrane review 

evaluated the effect of early prophylactic volume 

expansion with FFP in premature infants. They 

concluded that the routine use of FFP for volume 

expansion is not beneficial as no improvement in 

mortality or severe disability was seen. [23] 

Fluid volume 

The Holiday Segar method of fluid calculation does not 

apply to the neonatal population as the neonatal 

physiology and requirements are different for older 

children and adults. So most neonatal guidelines 

recommend a significantly higher fluid administration. 

[24] 

Hyponatremia is commonly caused due to increased 

administration of water. These infants are more prone 

to develop SIADH. This higher peak fluid balance due 

to liberal fluid during the first seven days of life has 

been autonomously linked to prolonged mechanical 

ventilation in critically ill neonates. [25] If there is a 

risk of water retention associated with non-osmotic 

antidiuretic hormone (ADH) secretion, restriction of 

fluid to 50-80% of the maintenance volume is 

recommended as per the NICE guidelines. [26] Many 

neonatal surgical units follow the practice of restricting 

fluids in the postoperative period, especially in sick 

ventilated neonates. [27] A common element of modern 

enhanced recovery protocols is the limitation of 

excessive intravenous fluid, with a focus on the 

maintenance of normal volume. [28]. 

Fluid monitoring 

Tachycardia, hypotension, delayed capillary refill, and 

increased core to peripheral temperature gradient are 

clinical signs of hypovolemia that should be monitored 

closely in the perioperative period. The rate of lactate 

rise in the postoperative period is a good marker to 

stratify neonates as low-risk or high-risk, in terms of 

morbidity and mortality. Serial Lactate values can be 

used for evaluating treatment response in the 

perioperative period. [29] 

Monitoring tissue perfusion in neonates is more 

complex than in adults and children. Conventionally, 

hemodynamic volume status was measured by static 

parameters like the heart rate, arterial blood pressure, 

and central venous pressure (CVP). Clinical 

parameters of urine output were also an essential part 

of the monitory strategy.  However, in the current 

scenario, several dynamic variables are being studied. 

Hemodynamic variables, like the Pulse pressure 

variation (PPV) and stroke volume variation (SVV), are 

well validated in the adult population but are not 

dependable markers in neonates. [31] The Pleth 

Variability Index (PVi) was precise in fluid status in 

two-thirds of the children undergoing non-cardiac 

surgery. Aortic flow velocity is one of the most suitable 

parameters to assess fluid responsiveness in neonates 

being ventilated. [32] A few studies have shown 

Transoesophageal Doppler (TED) derived indexed 

stroke volume (iSV) as a convenient guide to assess 

intraoperative fluid administration and targeted 

volume expansion in neonates and young infants. [33] 

Electrolyte abnormalities are common in the 

perioperative period. Monitoring serum sodium levels 

is of utmost importance as these neonates are more 

vulnerable to hyponatremia. Neonates with special 

situations like stomas should undergo stringent 

sodium monitoring. Measuring urinary sodium values 

with adequate supplementation with a target of urinary 

sodium at > 30 mmol/l is beneficial in surgical 

neonates. [30] 

Specific neonatal surgical conditions 

Esophageal Atresia with Tracheoesophageal Fistula 
(EA with TEF) 

Adequate optimization is essential in neonates planned 

for repair of EA/TEF. In the pre-operative period, these 

neonates can have dehydration and hyponatremia due 

to lack of oral intake and external salivary losses. 
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Hypovolemia correction is recommended using an 

isotonic fluid like normal saline in addition to the 

administration of maintenance fluids. [34] 

Many units support the use of restrictive fluid in 

patients undergoing repair of EA/TEF as they are more 

prone to developing SIADH. This fluid policy is known 

to decrease the risk of hyponatremia in this population. 

[27] The maintenance fluid is restricted to 100 

ml/kg/day irrespective of the day of life and further 

titration of fluid if required, is done based on the 

clinical hydration status of the neonate.  

Congenital Diaphragmatic Hernia (CDH) 

There are several clinical determinants of prognosis in 

CDH. Early ventricular dysfunction is one such 

autonomous prognostic marker. [35] This postnatal 

Left Ventricular (LV) dysfunction which adds to the 

hemodynamic instability during transition in these 

CDH infants is multifactorial.  

Central to the management of CDH are strategies 

targeting improved cardiac function and reducing 

pulmonary artery pressure. Cardiotropics like 

Dobutamine or Milrinone can be used to treat LV 

dysfunction and secondary systemic hypotension. 

Both these drugs can also be used to treat any parallel 

RV dysfunction. [36,37] Excessive fluid administration 

in the setting of poor left ventricular compliance in 

these babies, can cause an increased risk of developing 

pulmonary edema. Even fluid boluses, usually used for 

resuscitation should be judiciously used in this cohort. 

Giving excessive fluids in neonates with CDH can prove 

detrimental. They need to be monitored for strict fluid 

intake and output, and they benefit from restricted 

fluid intake in the first few days of life (40–60 

ml/kg/day) with additional saline volume top-up for 

intravascular filling in the case of inadequate tissue 

perfusion or hypotension. Diuretics should be given in 

persisting positive fluid balance without hypovolemia, 

aiming for diuresis of >1 ml/kg/h. [37] 

In the postoperative period, Overzealous fluid 

administration can lead to worsening of Intra-

Abdominal Hypertension (IAH) and venous 

hypertension, which significantly contributes to 

intestinal edema, leading to decreased contractility. 

Albumin along with diuretics may be utilized to 

channel third-space edema toward the intravascular 

space, in hemodynamically stable patients. This also 

helps improve abdominal wall compliance, thereby 

improving the problems associated with loss of organ 

domain. [38,39] 

Necrotizing Enterocolitis (NEC) 

The medical management of NEC includes adequate 

rest of the bowel, along with appropriate antibiotics. 

Nasogastric and rectal decompression as indicated also 

aid in recovery.  

Fluid restriction early in life is beneficial in preventing 

NEC, as evidenced by the Cochrane meta-analysis by 

Bell et al. (typical RR 0.43, 95% CI 0.21 to 0.87 and 

NNT=20 with restricted fluid intake). [40] 

After establishing the probable diagnosis or definitive 

diagnosis of NEC, the treatment depends on dynamic 

fluid resuscitation, and transfusion of blood and blood 

products as clinically indicated. Xie et al. 

retrospectively analyzed a large cohort of 172 neonates 

with NEC and analyzed outcomes in two cohorts, of low 

versus high intraoperative fluid therapy. [41] The 

patients who received more intraoperative fluid, had 

lesser postoperative complications like surgical site 

infections and delayed healing, however had an 

increased overall mortality.  

Pyloric Stenosis 

Infants present at 3-6 weeks of age with persistent 

non-bilious vomiting. [42] This vomiting is the cause of 

loss of sodium, potassium, chloride, and hydrogen 

ions, resulting in the classical metabolic abnormalities, 

associated with gastric outlet obstruction. The 

stimulation of the renin-angiotensin system causes the 

absorption of sodium and water secondarily to 

dehydration. [43] The kidneys conserve sodium and 

potassium at the expense of hydrogen ions, which are 

excreted in urine. This causes paradoxical aciduria in 

the setting of metabolic alkalosis.  Correction of these 

metabolic derangements is the cornerstone of 

management before the patient is taken for surgery.  

Severe volume depletion should be treated with a bolus 

of 10-20 ml/kg of normal saline, and the patient 

should be adequately hydrated before the operation. 

The chloride value at presentation can have high 

sensitivity and specificity, to predict the need for 

multiple boluses. [44] Adequate fluid resuscitation 

should be done using, isotonic crystalloids with 5% 

dextrose and 10-20mEq/l of potassium after 

establishing diuresis. [45] Subsequently, potassium 

should be adequately replaced as potassium ions are 

exchanged for hydrogen in the kidney to correct 

alkalosis and total body potassium is usually depleted 

in these patients. It may be better to wash the stomach 

with saline and remove the NG tube, to further stall the 

loss of gastric acids and electrolytes.  

Optimization of pre-operative dehydration and 

restoration of electrolyte and acid-base balance is 

essential in patients with pyloric stenosis. Poorer 

perioperative outcomes are common in case of 

inadequate optimization 

Posterior Urethral Valve (PUV) 

In infants with PUV, after the establishment of bladder 

drainage, there is a transient polyuria with an 

increased water and urinary sodium depletion. The 
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already immature nephrons are further stressed due to 

obstructive uropathy, incapacitating the urinary 

concentrating ability, and inability to absorb solutes as 

required. [46] Stringent fluid balance with strict input 

output monitoring, daily body weight, and electrolyte 

levels are critical in managing these patients. Some 

patients with PUV due to urinary obstruction may have 

type IV renal tubular acidosis. As a result, careful 

monitoring of serum electrolytes including serum 

bicarbonate and fluid status is required with timely 

replacement of fluid and electrolytes as needed. As 

many as 78% of PUV patients have polyuria due to 

irreversible renal tubular damage resulting in loss of 

the renal concentrating capacity. Desmopressin 

treatment has been shown to cause a significant 

reduction in 24-hour urine volumes and an increase in 

urine osmolarity. [47] 

Secondary pseudohypoaldosteronism (PHA) is a rare 

condition seen in infants with obstructive uropathy 

which develops due to renal tubular unresponsiveness 

to aldosterone. Hyperkalemia, hyponatremia, and 

metabolic acidosis are seen in these infants. [48]  

Gastroschisis 

In gastroschisis, evaporative fluid losses through the 

exposed bowel can be very high. These excessive fluid 

losses can be decreased by covering the herniated 

bowel in warm, saline-soaked gauze, and covering it 

with a plastic wrap. Unfortunately, missed prenatal 

diagnoses and unplanned and unbooked deliveries 

catch the perinatal team by surprise. Early transport 

after establishing IV lines and avoiding insensible fluid 

loss is the key to better outcomes. A significant number 

of patients with gastroschisis are identified to have 

preoperative metabolic acidosis despite high fluid 

intake which is postulated to be a consequence of 

either prolonged intrauterine gut compromise or 

dehydration secondary to increased fluid loss. [49] 

Optimal pre-closure fluid resuscitation in gastroschisis 

should be achieved. [50] Though it is essential to 

maintain intestinal perfusion as well as adequate 

intravascular volume, routine aggressive fluid 

resuscitation should be avoided, and fluid boluses 

should be given  only if there is clinical evidence of 

hypovolemia. A few studies have shown that 

overzealous fluid is associated with several adverse 

survival outcomes.  Jansen et al. evaluated the effects 

of pre-closure intravenous fluid resuscitation on the 

outcome. There was a significant, direct relationship 

between resuscitative volume and days of post-closure 

ventilation, length of hospital stay, and sepsis. [51]  

5.7 Intestinal obstruction 

The neonates with intestinal obstruction may present 

with mild dehydration to septic shock. Third space 

sequestration of fluids in intestinal obstruction will 

lead to dehydration and depletion of intravascular fluid 

volume. Fluid requirements may be twice or three 

times the normal requirement. These infants may 

require 120-150 ml/kg/day in the immediate post-

operative period as determined by hemodynamics and 

urine output monitoring. Isotonic saline also may be 

required because of the third spacing of fluid into 

tissues and bowel lumen. Recent literature in adults 

indicates that third space loss does not exist and that 

abdominal surgery outcomes are improved after a 

conservative fluid strategy than liberal fluid 

management; [52] however more studies are needed for 

the evidence. Strict input output recording should be 

done. Gastric drainage must be replaced volume by 

volume with isotonic saline. Vascular fluid volume 

should be restored adequately to maintain 

cardiovascular stability, organ perfusion, and 

adequate tissue oxygenation. 

CONCLUSION  

Standardized protocols for neonatal perioperative fluid 

management are lacking. Further trials are required to 

establish guidelines in this vulnerable population of 

neonates who are undergoing surgical stress in the 

period of transition from fetal to neonatal period. 
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