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Preface

Neonatal and Pediatric Surgery is a broad field with many challenges. The aim of this short
book is to provide the reader with several chapters in the field of neonatal and pediatric
surgery. Each chapter provides details on a specific area of this changing field. The scope of
this book focuses on a few areas that are rare and challenging. For example, it covers preop‐
erative and postoperative care of neonates. Important anesthesia considerations, including
anesthesia for neonates and regional anesthesia, are discussed. A unique chapter on neona‐
tal tumors is presented. The book provides an overview of the recent recommendations for
care of infants and children that undergo cardiac surgery. The challenging aspects of caustic
ingestion are explained.

Each chapter stands alone as a detailed source of information for the reader. This book
brings updated information with structured headings that will allow the reader to remain
focused as the material is reviewed. I would like to thank all the authors that contributed
their time and expertise to this project.

Joanne E. Baerg MD, FACS
Loma Linda University Children’s Hospital

Loma Linda, CA, USA
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Perioperative Care of the Neonate

Shelly Haug, Sara Farooqi, Anamika Banerji 
and Andrew Hopper

Additional information is available at the end of the chapter

Abstract

Care of the perioperative neonate requires careful consideration of many aspects includ-
ing the impact of anesthesia and surgery on multiple organ systems. Neonatal care should 
include close attention to achieving homeostasis and stability in the perioperative period. 
This chapter will address the critical elements in the management of the surgical neonate.

Keywords: neonate, surgical care, Neonatal Intensive Care Unit (NICU)

1. Preoperative care of the neonate

Care of the preoperative surgical neonate starts with a comprehensive history and physi-
cal examination on admission. It is important to focus on airway, respiratory, cardiac, and 
renal abnormalities which may impact surgery. Preoperative lab studies should include a 
complete blood count with differential, basic metabolic panel, coagulation studies and cross 
match blood screening [1, 2].

Preoperative airway management includes consideration of need for intubation and mechani-
cal ventilation and chest radiography to confirm endotracheal tube position, to assess lung 
volumes and to evaluate cardiomegaly. Endotracheal intubation is often completed by the 
neonatal intensive care physician though at times pediatric anesthesia may prefer this respon-
sibility; therefore, communication is important.

Additional preoperative goals include optimizing ventilation and oxygenation, correcting 
abnormal electrolytes and pH and ensuring adequate perfusion. Lab work should forewarn 
clinicians of anemia and thrombocytopenia which should be corrected with goal neonatal 
hematocrit of 30–35% and platelet count greater than 100,000 preoperatively. Coagulation 
studies should be normalized with fresh frozen plasma and cryoprecipitate as needed prior to 

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



surgery. In cases of liver dysfunction, consider vitamin K administration. Disseminated intra-
vascular coagulation should be considered and treated if sepsis is suspected. Ideally, surgery 
should be deferred if sepsis is suspected.

Adequate intravenous access is necessary prior to surgery. The need for central venous line 
placement should be determined and discussed with the anesthesiologist and pediatric 
surgeon in advance. If percutaneous central venous line placement is unsuccessful, central 
venous line may need to be placed by surgery. Factors that should be weighed in determin-
ing the need for central line placement include type of surgery, anticipated recovery time and 
anticipated length of time to regain bowel function. If the neonate is expected not to tolerate 
adequate enteral volumes for appropriate nutrition or to be nil per os (NPO) for greater than 
2 – 5 days, then central line access should be considered [3].

Length of NPO status should be discussed with the surgeon. For elective procedures requir-
ing anesthesia or sedation, the American Society of Anesthesiologists recommends neonates 
be NPO for at least 4 hours if fed breast milk and 6 hours if fed formula prior to surgery [4]. 
NPO status is at times outweighed by the need for emergency surgery in cases of critical 
illness.

Choice of intravenous fluid replacement is in large part dictated by the disease process, sur-
gery and type of therapy anticipated [5]. Intravenous fluids should include provision for 
maintenance fluids and, if indicated, fluid and electrolyte replacement to correct deficits and 
for surgical conditions with anticipated fluid loss (see Table 1). Neonates are born with excess 
total body water in comparison with muscle mass and fat. The more preterm neonates have 
increased extracellular fluid. After birth, there is a shift of fluid from the extracellular com-
partment that results in salt and water diuresis by 48 to 72 hours and physiological weight loss 
in the first week of life. Failure to have adequate diuresis is associated with increased mor-
bidities including pulmonary edema, tissue edema, symptomatic patent ductus arteriosus, 
necrotizing enterocolitis (NEC) and chronic lung disease [5–8]. Neonates are more sensitive 
to hypovolemia due to relatively low cardiac contractility. Maintenance fluid replacement 
should allow for the initial loss of extracellular fluid diuresis over the first week of life while 
maintaining normal intravascular volume and tonicity reflected by heart rate, urine output, 
electrolytes and acid/base status [5].

Birth weight (g) Insensible water loss  
(mL/kg/day)

Total water requirement by age (mL/kg/day)

Day 1–2 Day 3–7 Day 8–30

<750 100+ 100–200 120–200 120–180

750–1000 60–70 80–150 100–150 120–180

1001–1500 30–65 60–100 80–150 120–180

>1500 15–30 60–80 100–150 120–180

Adapted from Ref. [45].

Table 1. Maintenance fluid requirements during the first month of life [5].
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Careful estimation of ongoing pathogenic fluid losses is important to determine the best vol-
ume and composition of fluid replacement. Estimation of fluid and electrolyte losses can be 
difficult especially in conditions that predispose to third spacing such as sepsis, hypoalbu-
minemia, intra-abdominal infection, postoperative abdominal surgery or cardiac surgery. 
Calculating daily gross intake and output along with serial weight can help to estimate fluid 
loss. Electrolyte losses can be estimated by multiplying the volume of fluid loss by the electro-
lyte content of the type of body fluid (see Table 2) [5].

Normal saline boluses of 10–20 mL/kg should be given to maintain adequate renal perfusion 
to ensure normal urine output (2–3 mL/kg/hour). Fluid should also be given to maintain 
normal blood pressure based on gestational age. Caution should be used when administer-
ing greater than 40 mL/kg of fluid boluses to support blood pressure as this should prompt 
evaluation regarding the cause of hypotension. Fluid boluses must be balanced by the risk of 
patent ductus arteriosus in at-risk preterm neonates. Need to increase total fluid intake may 
be better tolerated by gradually increasing overall total daily fluid rate rather than by giving 
fluid boluses. Metabolic acidosis can be buffered by the administration of sodium acetate in 
fluids given to maintain central line patency. Hypoproteinemia should be corrected slowly if 
possible preoperatively to ensure better postoperative wound healing. An early assessment 
of serum  albumin should be considered, as this may be reflective of prognosis for severity 
of gastroschisis. In most instances, administration of albumin for fluid replacement and to 
correct hypoalbuminemia should be discouraged as the albumin leaks into the tissues and 
contributes to tissue edema. Consideration should be given to placement of a Foley cath-
eter for very long procedures or very unstable or chemically paralyzed neonates. Perfusion 
should be monitored and normalized. Assessment of tissue perfusion includes measuring 
blood pressure by peripheral cuff or by arterial line placement. Monitoring arterial blood 
pressure by indwelling arterial line is indicated for critically ill neonates if a period of post-
operative instability is expected, if the neonate is requiring vasopressors or for frequent 
blood sampling.

Significant morbidity and mortality of perioperative neonates are related to hypoxic/isch-
emic events. Most intensive care units monitor perfusion index as part of skin surface oxy-
gen saturation monitoring [9, 10]. More institutions are using near infrared spectroscopy 
(NIRS) to assess tissue perfusion. While pulse oximetry provides a measure of arterial oxygen 

Fluid source Sodium (mmol/L) Potassium (mmol/L) Chloride (mmol/L)

Stomach 20–80 5–20 100–150

Small intestine 100–140 5–15 90–120

Bile 120–140 5–15 90–120

Ileostomy 45–135 3–15 20–120

Diarrheal stool 10–90 10–80 10–110

Adapted from Ref. [45].

Table 2. Electrolyte content of body fluids [5].
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 saturation, it may not be particularly useful for determining oxygen delivery to the tissues. 
NIRS regional oximetry measures the balance between local oxygen delivery and consump-
tion beneath the sensor. NIRS provides an end-organ measure of not only oxygenation, but 
also perfusion. NIRS can be used as a continuous, real-time, noninvasive bedside monitor 
using infrared light sensors of regional tissue oxygenation and hemodynamics [11]. It is 
United States Food and Drug Administration (FDA) approved for use in neonates, including 
those less than 2.5 kg. Regional tissue oxygen saturation reflects a ratio of arterial and venous 
blood (25:75%) and the balance between oxygen delivery and tissue consumption. NIRS mon-
itoring usually includes measuring cerebral and somatic, either renal or mesenteric, regional 
oxygen saturation. There are norms of average NIRS values for cerebral, renal and mesenteric 
areas of monitoring, providing a noninvasive measure of end-organ oxygenation and perfu-
sion [12]. These norms vary between term and preterm neonates (see Table 3).

Gastric decompression by Replogle sump tube should be discussed with surgeon and must be 
considered for neonates with intestinal obstruction. Cases to strongly consider gastric decom-
pression include surgical necrotizing enterocolitis, Hirschsprung’s disease, intestinal atresias, 
gastroschisis and omphalocele.

Preoperative labs should be obtained within 24 hours of planned surgery to ensure infection 
is ruled out. Prophylactic antibiotics should be given within 1 hour of skin entry [1]. At some 
hospitals, this timing is best achieved if antibiotic such as cefazolin is given in the  preoperative 
surgical area as part of a preoperative checklist. Antibiotic choice should be dependent on 
disease process. Suspected perforation should be treated with broad-spectrum antibiotics that 
specifically include Gram-negative and anaerobic coverage. Length of therapy and choice of 
antibiotics may change depending on the intraoperative findings and culture results.

2. Common conditions of the surgical neonate

Although various conditions require specific management, the initial management of the sur-
gical neonate consists of gastric decompression with placement of a Replogle tube, imaging 
including abdominal radiographs, and fluid and electrolyte management. The use of antibiot-
ics is dependent upon the suspected pathology. Specialized management considerations are 
reviewed for the following conditions.

 rSO2 Term Preterm

Cerebral (%) 66–89 66–83

Renal (%) 75–97 64–87

Mesenteric (%) 63–87 32–66

Values differ by sensor type with neonatal sensors reading 10% higher. Adapted from Refs. [13, 14].

Table 3. Normal ranges of regional oxygen saturation (rSO2) in term [13] and preterm [14] neonates.
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2.1. Gastroschisis

Gastroschisis is a congenital anterior abdominal wall defect that occurs to the right of the 
umbilical cord insertion that results in herniation of abdominal contents and thereby permit-
ting bowel exposure to amniotic fluid in utero [15]. Abdominal contents generally contain the 
small intestine; however, larger defects may contain the stomach and colon [16]. Compared to 
an omphalocele defect, there is no transparent sac to protect the intestine and gastroschisis is 
not usually associated with other congenital syndromes. However, it may be associated with 
other gastrointestinal abnormalities such as malrotation, atresia or stenosis. A neonate with a 
prenatal diagnosis of gastroschisis should preferably be delivered at an institution with mul-
tidisciplinary care, influx into maternal-fetal medicine service, neonatal intensive care team 
and pediatric surgery. At the time of delivery, the neonate should be placed in a bowel bag 
enclosed to the neonate’s axilla. This bag protects the bowel and also helps to retain body heat. 
Given the location of the defect, the neonate should be placed right side down to avoid ten-
sion on the mesenteric vasculature. A Replogle tube should be placed at the time of delivery 
to allow for abdominal decompression. All neonates should receive empiric broad-spectrum 
antibiotics, preferably ampicillin and gentamicin. Immediate intubation is not required if the 
neonate’s respiratory status is stable. Some medical experts recommend a controlled, elective 
intubation to avoid unnecessary airway trauma. Surgical management is dependent on the 
defect. Surgical options include primary closure, staged reduction with a silo or sutureless 
umbilical closure [17]. In order to prepare the neonate for surgery, a secure airway should be 
established as well as adequate intravenous access. Due to the nature of the defect, umbilical 
lines are contraindicated in gastroschisis. Chemical paralysis is generally dependent on the 
preference of the surgeon and may be required in neonates with a large defect. When defect 
size or abdominal pressure issues prevent primary closure, placement of a silo allows for 
gradual reduction in the intestine into the abdominal cavity. With a silo, abdominal contents 
are gently “squeezed” into the abdomen daily. Once the contents are reduced, the neonate is 
taken to the operating room for closure. After the defect is closed, nasogastric decompression 
is continued until return of bowel function.

Special consideration must be taken in regard to fluid management in gastroschisis due to 
insensible fluid loss and postoperative third-space fluid shifts. Amount of postoperative fluid 
administration should generally be less than prior to gastroschisis closure and be balanced 
with perfusion and urine output [18]. See discussion of preoperative fluid management. 
Potential complications associated with gastroschisis include ileus, sepsis, intestinal atresias, 
malabsorption, wound infection and necrotizing enterocolitis [16].

2.2. Omphalocele

An omphalocele is a congenital ventral abdominal wall defect of the umbilical ring that results 
in abdominal viscera herniation and is associated with chromosomal, cardiac and/or genito-
urinary abnormalities [19]. Immediate postnatal management should include protection of the 
herniated viscera with sterile saline-soaked gauze, and stabilization of viscera to ensure blood 
supply to the bowel is not kinked by the weight of the bowel. The neonate may be placed right 
side down or with towels placed under the bowel to help support the  externalized intestine. 
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Gastric decompression should be initiated with placement of a Replogle tube on continuous 
low suction to prevent bowel distention. If volume of gastric drainage exceeds approximately 
10 mL/kg per 12 hour shift, gastric fluid should be replaced with 0.9% sodium chloride.

Potential problems with omphalocele include risk of hypothermia due to high heat loss from 
the exposed bowel as well as risk of vasoconstriction, decreased tissue perfusion and meta-
bolic acidosis [19]. Fluids and electrolyte replacement will need to anticipate additional fluid 
losses due to the specific disease pathology. Maintenance of intravascular fluid volume is nec-
essary to ensure adequate tissue perfusion and preservation of bowel wall perfusion [19, 20].

Other factors to consider include prevention of sepsis by administering broad-spectrum 
antibiotic therapy. Due to the association with other anomalies, neonates with omphalocele 
should be evaluated with chest and abdominal radiography, renal and abdominal ultrasound 
as well as echocardiogram prior to operation [19]. Repair of the defect will be a primary or 
a staged closure depending on the size of the defect. Potential postoperative complications 
include significant increase in intra-abdominal pressures that may compromise venous blood 
return and hemodynamic and/or respiratory stability due to diaphragmatic elevation [19].

Another important consideration in neonates with omphalocele is the risk of pulmonary 
hypertension [21]. All neonates with omphalocele should be monitored for evidence of pul-
monary hypertension between the second and seventh day after birth as they may not 
initially present with signs of pulmonary hypertension. Diagnosis should be suspected 
based on increased oxygen requirement and increased pre- and postductal gradient and 
confirmed by increased right ventricular pressures (greater than 40 mmHg) on echocardio-
gram [21].

Short-term postoperative complications include necrotizing enterocolitis, prolonged ileus 
and respiratory distress. If primary closure is done, the neonate will require assisted ventila-
tion and may require muscle relaxants for a time. It is important to ensure adequate venti-
lation and oxygenation by adjusting inspiratory and end expiratory pressures to maintain 
adequate lung volumes as the abdominal distention postoperatively may be aggravated by 
fluid third spacing due to capillary leak syndrome. Postoperative pain management usually 
requires continuous infusion of morphine and should be titrated according to appropri-
ate neonatal pain scales (see pain section later in chapter) [22]. Long-term complications 
include prolonged dependence on parenteral nutrition, gastroesophageal reflux, parenteral 
nutrition-related liver disease, feeding intolerance and neurodevelopmental delay [19]. 
When bowel function returns postoperatively, initiation of enteral feeds should be done 
with breast milk or an elemental formula such as Elecare or Neocate, starting with small 
volumes and advancing slowly [23, 24]. Neonates with giant omphalocele usually require 
prolonged time to achieve full enteral feeds, especially if complicated by respiratory insuf-
ficiency requiring intubation shortly after delivery or symptoms of gastroesophageal reflux 
postoperatively [24].

2.3. Obstruction

See further detail (Table 4).
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2.4. Necrotizing enterocolitis

Necrotizing enterocolitis (NEC) is the most common emergent neonatal gastrointestinal dis-
eases among premature neonates [26]. The mortality rate of NEC may range from 20 to 30% 
with the highest mortality in those neonates who require surgery [27]. Often, an inverse rela-
tionship between gestational age and frequency of NEC exists. Therefore, the smaller the 
neonate, the higher the clinical suspicion for this disease.

Typically, NEC presents with feeding intolerance, hematochezia and abdominal distention. 
Clinical progression of the disease may ensue rapidly from abdominal discoloration, worsen-
ing distention with intestinal perforation leading to clinical deterioration with hypotension, 
metabolic acidosis and thrombocytopenia requiring intensive medical and surgical support. 
At the moment of suspicion for NEC, the neonate should be placed NPO and gastric decom-
pression initiated. Intravenous fluid hydration must be provided, along with an urgent surgi-
cal consultation. Intravenous antibiotics should be started once NEC is suspected that often 

Type Presentation Diagnosis Preoperative 
care

Treatment Postoperative 
care

Duodenal 
atresia

Few hours after 
birth; bilious 
vomiting, no 
distention

Abdominal film; 
“double-bubble”  
sign

Gastric 
decompression, 
IV fluids

Diamond-shaped 
duodenoduodenostomy

Feeding 
dependent upon 
bowel function

Malrotation 
with 
volvulus

At 3–7 days; 
bilious vomiting, 
rapid deterioration 
with volvulus

Ultrasound and 
contrast studies; 
“upper GI spiral” 
sign, abnormal 
location of the 
superior mesenteric 
vessels

Gastric 
decompression, 
IV fluids, STAT 
surgery for 
symptomatic 
patients

Ladd’s procedure Feeding 
dependent upon 
bowel function

Jejunoileal 
atresia

Within 1 day of 
birth; vomiting, 
abdominal 
distention

Abdominal film;  
air-fluid levels

Gastric 
decompression, 
IV fluids

Resection and 
anastomosis

Feeding 
dependent upon 
bowel function

Meconium 
ileus

Immediately after 
birth; abdominal 
distention, bilious 
vomiting

Abdominal film; 
distention, air-fluid 
levels, “ground-
glass” sign

Gastric 
decompression, 
IV fluids

Enterostomy 
if complicated; 
gastrografin enema

Acetylcysteine 
(Mucomyst), 
pancreatic 
enzymes

Necrotizing 
ileus

Varied timing; 
feeding intolerance, 
abdominal 
distention, 
vomiting, bloody 
stools

Serial abdominal 
films; distention, 
ileus, pneumatosis 
intestinalis, portal 
venous gas

Gastric 
decompression, 
IV fluids, 
antibiotics for 
7 to14 days, 
serial imaging, 
STAT surgery if 
perforated

Resection of necrotic 
bowel and enterostomy

Feeding 
reinitiation 
with slow 
advancement 
after antibiotic 
course 
completion and 
normal imaging

Adapted from Ref. [25].

Table 4. Neonatal obstruction [25].
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include “triple therapy” consisting of Gram-positive, Gram-negative and anaerobic bacteria 
coverage. Immediate and serial abdominal radiographs should be obtained to assess the pres-
ence of pneumatosis intestinalis, one of the hallmarks to diagnose NEC. Laboratory testing 
should include blood cultures, complete blood count (CBC) to assess for leukocytosis and 
thrombocytopenia, and C-reactive protein. Serial two-view abdominal radiographs should be 
obtained to assess for progression. While there are no universally accepted criteria for NEC, 
Bell’s staging system is often used to describe the stages and severity of this disease. The stag-
ing is described as follows (see Table 5).

3. Comparison between acute and elective surgical management

Operative intervention of the acutely ill neonate is less desirable but often unavoidable. 
In situations of intestinal perforation or a hemodynamically compromised neonate, all efforts 
should be made to ensure a near stable status of the neonate [1, 2, 5]. If a neonate requires 
emergent surgical intervention, communication with the surgical team, anesthesiology and 
neonatology team to discuss diagnosis and planned intervention must be made as soon as 
possible. Most important in management is establishing a stable airway and adequate intra-
venous or central line access. Pertinent imaging including radiographs and ultrasound should 
be readily available for evaluation by the surgical team. The neonatal team should ideally be 
at bedside to intervene in case of clinical deterioration per Pediatric Advance Life Support 

Stage/classification Systemic signs Abdominal signs Radiographic signs

IA; suspected Temperature instability, 
apnea, bradycardia,  
lethargy

Gastric residuals, 
abdominal distention, 
emesis, heme-positive stool

Normal or intestinal dilation, 
mild ileus

IB; suspected Same as above Gross hematochezia Same as above

IIA; definite, mildly ill Same as above Same as above with 
absent bowel sounds with 
or without abdominal 
distention

Intestinal dilation, ileus, 
pneumatosis intestinalis

IIB definite, moderately ill Same as above plus mild 
metabolic acidosis and 
thrombocytopenia

Same as above, plus absent 
bowel sounds, definite 
tenderness, with or without 
abdominal cellulitis or right 
lower quadrant mass

Same as IIA plus ascites

IIIA advanced, severely ill, 
intact bowel

Same as IIB plus 
hypotension, bradycardia, 
severe apnea, combined 
respiratory and metabolic 
acidosis, DIC and 
neutropenia

Same as above, plus signs 
of peritonitis, marked 
tenderness and abdominal 
distention

Same as IIA plus ascites

IIIB advanced, severely ill, 
perforated bowel

Same as IIIA Same as IIIA Same as above plus 
pneumoperitoneum

Adapted from Ref. [28].

Table 5. Modified Bell’s staging criteria for necrotizing enterocolitis [28].
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(PALS) guidelines. Informed consent for surgery must be obtained with the parents or guard-
ian either in person or via telephone.

One common routine elective operation in neonates is gastrostomy tube placement. A gas-
trostomy tube or “g-tube” is a small feeding tube that is surgically or percutaneously placed 
in the stomach for feeding or decompression of air or drainage. Surgical placement is either 
laparoscopic or open and may be done in association with other procedures [29]. Gastrostomy 
tubes may be needed for preterm neonates with continued inadequate oral feeding once cor-
rected to term if gastrostomy tube feeding is expected to be needed for greater than 4 weeks. 
Prior to gastrostomy tube placement, the surgeon may request radiographs to evaluate anat-
omy of the upper gastrointestinal tract. After gastrostomy tube placement, the neonate may 
have minor pain at the incision site. Intravenous fluids may be required for the first 24 hour to 
provide parenteral nutrition to allow the site to heal. Generally, the neonate may be restarted 
on previous feeds at 25% of the total expected volume, and advanced gradually to full enteral 
feeds via the g-tube within 24–36 hours as tolerated.. A frequent complication of gastrostomy 
tubes includes dislodgment, usually within the first 2 weeks after its placement [29]. When 
this occurs, a physician should replace the tube as soon as possible, so the hole in the stom-
ach does not close. A small amount of leaking is normal and may require protective cream 
application to the skin. A gastrostomy tube may be left in place permanently or temporarily 
dependent on the neonate’s needs [29].

Another common elective surgical procedure includes inguinal hernia repair. An inguinal her-
nia repair is an internal opening in the inguinal canal through which fluids and/or intestines 
may pass through [30]. The neonate may have minor pain at the incision site postoperatively 
that should be controlled with acetaminophen or small doses of morphine. Neonates should 
be monitored for postoperative respiratory complications such as apnea and oxygen desatu-
ration. Neonates at risk include those with a history of prematurity, especially if still less 
than 45 weeks corrected gestational age, and neonates with comorbidities including chronic 
lung disease, history of necrotizing enterocolitis, anemia, low birth weight or former apnea 
episodes [31, 32]. Healthy, older neonates may generally be repaired as an outpatient [31].

4. Postoperative care of the neonate

Postoperative management should begin with face-to-face communication between the senior 
clinician caring for the neonate after surgery and the surgeon as well as the anesthesiologist. 
The neonatologist should be informed of major events that may have occurred during the 
surgery, the surgery that was performed, the anesthesia the neonate received during the sur-
gery and postoperatively in recovery (especially if paralytic agents were used), as well as the 
volume and type of fluids or blood products given during the operation.

Temperature homeostasis is important in the postoperative period. Neonates undergo-
ing operative procedures in the operating room are at increased risk of thermal instability. 
Hypothermia of postoperative neonates leads to an increased risk of adverse respiratory events 
including increased need for respiratory and cardiac interventions compared to normother-
mic neonates [33]. Furthermore, hypothermia may cause protein catabolism,  hypokalemia 
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and changes in glucose metabolism. Postoperative interventions include applying warm tem-
perature regulating blankets, decreasing skin exposure and warming operative rooms [34].

If the neonate remains intubated postoperatively, obtain a blood gas and chest radiography 
immediately following return to the ICU to assess oxygenation, ventilation, chest expan-
sion and endotracheal tube position. It is important for clinicians to understand postopera-
tive neonates are prone to apnea and periodic breathing while recovering from anesthesia 
and in response to pain and pain medications. Neonates are also prone to hypoxemia due 
to transient decrease in functional residual capacity of the lungs and ventilation/perfusion 
mismatch. Adequate lung tidal volumes of 6–8 mL/kg expiratory lung volumes should be 
maintained to prevent atelectasis. Blood gas pH should be maintained at 7.35–7.45 with pCO2 
of 40–55 for most neonates. Once the neonate is awake and consistently breathing spontane-
ously, the clinician should rapidly wean the ventilator and extubate per blood gases if pos-
sible. Weaning off mechanical ventilation should be weighed against the need for additional 
pain control. Surgery should be made aware of neonates requiring nasal continuous positive 
airway pressure (CPAP) or nasal  intermittent mandatory ventilation (IMV) postextubation. 
Ideally, continuous narcotic infusion for pain control should be at a minimum or discontin-
ued prior to extubation. The clinician should also monitor for the development of pulmo-
nary hypertension by clinical symptoms, pre- and postductal oxygen gradient and confirm 
by echocardiography [1].

Immediate postoperative labs should include evaluation of hemoglobin/hematocrit. If blood 
loss is over 15% and not already replaced during the operative period, clinicians should con-
sider replacing with packed red blood cells [35, 36]. Electrolytes should be evaluated in the 
immediate postoperative period and also monitored every 6 hours for invasive procedures or 
every 8–12 hours for less intensive procedures for the first 24-hours postoperatively [1].

Surgical neonates may have significant third-space losses depending on the magnitude of the 
procedure. Phases of fluid resuscitation change with time postoperatively. In the immediate 
postoperative time period, fluid and blood replacement is often required. Postoperative days 
2–4 are often phases of third spacing and vascular leak during which some element of fluid 
replacement is required in conjunction with diuretics to help mobilize fluids. Avoidance of 
massive anasarca is important. Abdominal compartment syndrome is especially important 
to consider in the context of abdominal closures with decreased perfusion and the potential 
for decreased urine output. Gastroschisis patients are especially prone to large fluid losses. If 
total parenteral nutrition is not immediately available, D5 lactated ringers should be given. 
Initial fluids should be given at 150–175 mL/kg/day. Total parenteral nutrition should be opti-
mized to include protein of 3–4 g/kg/day to minimize catabolic state and promote wound 
healing. Dextrose may need to be adjusted postoperatively due to hyperglycemia second-
ary to stress and increased fluid administration. Therefore, Accuchecks should be monitored 
frequently, and glucose infusion rate (GIR) should be adjusted. GIR should be maintained 
4–8 µg/kg/min to maintain blood glucose levels of 100–160 mg/dL. Electrolytes should be 
normalized as much as possible [5]. Consideration of starting enteral nutrition should be dis-
cussed when the neonate shows intestinal readiness, presence of bowel sounds and passing 
gas. Clinicians should monitor for postoperative ileus from the surgery and/or ileus due to 
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pain medications. Antireflux medications should be avoided in the neonate unless for specific 
surgical cases such as tracheoesophageal fistula where such medications have proven to be 
necessary. Reflux medications lead to abnormalities of intestinal flora and have been shown 
to increase neonatal mortality [37].

Special fluid consideration must be made for those neonates with gastroschisis that have 
undergone repair. Once they are repaired, their fluid losses significantly decrease, and thus, 
parenteral nutrition must be adjusted shortly after surgical closure. Total fluid administration 
should be decreased to approximately 140–150 mL/kg/day [38], based on the assessment of 
the neonate’s fluid losses. Clinicians should be cautious of fluid volumes as overhydration 
may lengthen hospital stay and delay enteral feeding [38].

Hypotension secondary to hypovolemia may be treated with 10–20 mL/kg boluses of normal 
saline or if hypotension is persistent and severe, the clinician should consider fresh frozen 
plasma. If anemic, packed red blood cells may be used. Albumin should rarely be used and 
only with great caution as it may worsen third-space fluid losses in neonates. Low albumin 
is often partially dilutional and when not exacerbated by dilutional effects, is best addressed 
through maximizing protein delivery through nutrition. Replacement of any gastric output 
should be considered with 0.45 normal saline with 10 mEq of potassium chloride per liter. If 
output is large, consider replacing more frequently (i.e., every 4 hours to run over 4 hours ver-
sus once a shift over 1 hour if lower output). Replacement of gastric fluid is important to main-
tain fluid balance but must be balanced with urine output and overall body edema. Vasopressor 
therapy may be considered for the critically ill postoperative neonate if fluid replacement is 
already optimized and neonate remains hypotensive with signs of decreased end-organ perfu-
sion. Steroid therapy to aid adrenal stress response may also improve hemodynamic stability; 
however, it should be used cautiously as steroids may decrease immune response if there is 
concern for infection.

Fluid status must be monitored closely, and urine output should be maintained at a minimum 
of 1 mL/kg/hour. The clinician must balance the neonate’s overall fluid status as measured by 
weight, urine output, body wall edema, blood pressure, heart rate and overall clinical status. 
Edematous neonates may still have low intravascular volumes, and thus, diuretics would 
possibly exacerbate hypotension.

Blood pressure should be monitored closely, at least hourly if there is no arterial line access. 
Hypotension in the postoperative period is considered a sign of hypovolemia until proven 
otherwise. Skin perfusion should be monitored which can be done by NIRS or perfusion 
index of pulse oximetry monitoring. All tubes and drains should be monitored closely post-
operatively for patency, function and how secure they are attached to the patient. Output of 
sumps, chest tubes, wound drains and Foley catheters should be followed. Pending resolu-
tion of ileus and improvement in outputs each should be removed at the earliest time point to 
prevent infection with persistent foreign bodies.

Prevention of infection is important. White blood cell count, C-reactive protein trend and 
bandemia should be monitored and blood cultures obtained if concern for infection rises [1]. 
Be especially cautious of hygienic precautions when handling tubes, drains and any wound 
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dressing changes. The need for postoperative antibiotic coverage should be discussed between 
the neonatal clinician and surgeon.

5. Pain management, sedation and paralysis review

Pain control should be titrated based on the type of surgery. More invasive surgeries will 
likely require immediate postoperative pain management including a narcotic drip for the 
first 24 – 48 hours [39]. Consider morphine 20-50 micrograms/kg/hour or Fentanyl 3 micro-
grams/kg/hour with as needed (PRN) dosing for breakthrough pain. Pain management 
should be transitioned to PRN dosing when able. Titration of pain medication should be 
assessed through reliable and accurate neonatal pain assessment scoring tools such as the 
“Neonatal Pain, Agitation and Sedation Scale” (N-PASS) [40] or “Crying, Requires increased 
oxygen administration, Increased vital signs, Expression and Sleeplessness” (CRIES) [41]. A 
combination of behavioral observations such as facial expression, body posture and tone and 
physiologic symptoms such as heart rate, blood pressure and oxygen saturation should be 
taken into consideration by the neonatal pain score used [22].

Nonnarcotic pain management methods should be used such as Sweet-Ease and intravenous 
Tylenol 20 mg/kg/dose every 6 hours for a 24-48 hour period, unless contraindicated or if there 
is concern for liver dysfunction. The neonate should be monitored closely for urinary retention 
if Foley catheter is not in place. The stomach should be decompressed. Nonpharmacological 
pain management includes protective neonatal positioning if possible with the neonate sup-
ported in the flex position. Environmental stimulation should be minimized with decreased 
lighting, noise and touch.

Use of chemical paralytic agents postoperatively should only be used in cases where there is 
concern for wound dehiscence, large irreducible gastroschisis or patient instability. Paralytics 
should be used for shortest time possible, as the use will increase the likelihood of third-
spacing fluids, urinary retention and anasarca [39].

6. Follow-up of the surgical neonate

The care of a neonate following discharge from the ICU is one that requires a multidisci-
plinary approach. The patient’s pediatrician, neonatologist in the High Risk Follow Clinic 
(when appropriate), various therapists and the primary surgeon will need to see the neo-
nate after discharge [42]. Follow-up visits include neurodevelopment assessment scales using 
Bayley III and WPPSI-II scores. While there are certain risk factors innate to sick neonates 
that make them prone to developmental delay such as prematurity and/or congenital defects, 
there are data to suggest that neonates who require surgical intervention experience initial 
developmental delays as compared with their healthy counterparts [43]. While there is ample 
evidence of suboptimal developmental outcomes in neonates requiring cardiac surgery, the 
data for those undergoing repair of conditions such as gastroschisis suggest that outcomes are 
similar to those of their healthy cohorts [44]. Those neonates who have had significant surgi-
cal intervention and those with severe outcomes such as short gut syndrome require a lifelong 
close follow-up with the surgical team.
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Abstract

Providing anesthesia for the newborn requires many considerations beyond what is 
needed for the older child or adult. This chapter discusses pertinent anesthetic consider-
ations in the care of surgical neonates including preoperative evaluation, intraoperative 
management and pain management techniques.

Keywords: neonatal anesthesia, anesthetic agents, pain management

1. Introduction

Advances in pediatric anesthesiology have contributed to improved outcomes and survival 
in newborns requiring surgical intervention. Newborn physiology is characterized by a high 
metabolic rate, limited cardiopulmonary reserve, and decreased renal function. Multisystem 
organ immaturity underlies the differences in physiologic response to anesthetics in the neo-
nate when compared to the older child or adult. This chapter discusses physiologic consider-
ations, preoperative evaluation and preparation, intraoperative anesthetic management, and 
pain management techniques unique to the newborn surgical patient.

2. Physiologic considerations

2.1. Cardiovascular

Fetal cardiac circulation is characterized by two right-to-left shunts: one through the foramen 
ovale and one through the ductus arteriosus. With the infant’s first breaths, the lungs expand, 
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alveolar fluid is cleared, pulmonary vascular resistance markedly decreases, and left atrial 
pressure increases [1]. These physiologic changes promote functional closure of the fetal car-
diac shunts and mark the beginning of the transition from fetal to newborn circulation.

Anatomic closure of the foramen ovale typically occurs within the first year of life, though 
some studies indicate over one quarter of foramen ovale remain echocardiography probe pat-
ent into adulthood [2]. Functional closure of the ductus arteriosus is achieved between 10 and 
15 hours of life, and anatomical closure is usually completed by 2 months of age [3]. Neonatal 
circulation may revert to fetal circulation if the physiological parameters responsible for car-
diac shunt closure are not maintained. As such, it is important to avoid factors that increase 
pulmonary vascular resistance (physiologic stress, hypoxia, hypercarbia, acidosis, and hypo-
thermia) in newborns. Hypervolemia may also promote reopening of the ductus arteriosus 
and should be avoided.

Maintenance of heart rate is essential in the neonatal period. Cardiac output is dependent on 
heart rate, as stroke volume is fixed due to decreased compliance of the immature ventricle 
[4]. Thus, while maintaining preload is important during anesthetic management, increasing 
preload provides minimal benefit for improving cardiac output. The sympathetic nervous 
system is also immature in newborns. Bradycardia may occur after stimulating procedures 
such as laryngoscopy, oropharyngeal suctioning, or gastric tube placement rather than the 
expected tachycardia seen in patients with mature sympathetic nervous systems. Treatment 
with anticholinergics may be required.

2.2. Pulmonary

Development of the respiratory system begins during fetal organogenesis and continues 
throughout childhood. Alveolarization starts at 28 weeks of gestational age, and by 40 weeks, 
alveoli are present at 20–50% of adult values. Type 2 pneumocytes, the main producers of 
surfactant, appear at approximately 24 weeks of gestational age but are not fully functional 
until 34–36 weeks of gestational age [5].

Neonates are an increased risk for respiratory fatigue. High chest wall compliance may cause 
a paradoxical breathing pattern when large breaths are taken [5]. Newborns have a reduced 
number of fatigue-resistant high-oxidative diaphragmatic muscle fibers; mature levels are 
not reached until 8 months of age [6]. Neonatal oxygen requirements are 2–3 times the adult 
requirement, ranging from 6 to 9 mL/kg/min. Increased oxygen demand is met by increased 
respiratory rate, as there is a minimal inspiratory reserve to increase tidal volume [7].

Neonatal respiratory drive is determined by pO2 via peripheral chemoreceptors in the carotid 
bodies and by pCO2 influencing central chemoreceptors in the medulla. Respiratory drive is 
primarily affected by hypoxia, as opposed to hypercarbia in adults. Administration of high 
oxygen concentrations may depress respiratory drive in the newborn [8].

2.3. Renal

The kidneys are fully developed anatomically by 34–36 weeks of gestational age but continue 
to develop functionally after birth. The glomerular filtration rate (GFR) is initially decreased 
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in the neonate due to low systemic arterial pressure and high renal vascular resistance but 
increases during the first several weeks of extrauterine life [9]. As a result of this initial low 
GFR, there is a decreased ability of the kidneys to maintain electrolyte balance or clear drugs 
and excess fluids.

2.4. Neurologic risk

The neurologic system is anatomically complete at term, though synaptogenesis and nerve 
myelination continue throughout childhood. Data from animal studies, as well as retrospec-
tive human studies, have raised concern that exposure to anesthetic agents could be detri-
mental to cognitive development in young children due to effects either on synaptogenesis or 
apoptosis of the developing brain [10]. The stage of brain development at the time of exposure 
and the degree of anesthetic exposure, in terms of both exposure frequency and cumulative 
anesthetic dose, may affect the risk of neurotoxicity.

The SmartTots program, a partnership between the United States Food and Drug 
Administration and the International Anesthesia Research Society, was established in 2009 to 
address the growing concern regarding potential adverse consequences of general anesthesia 
in young children. Two consensus statements, published in 2012 and 2015, counsel that the 
effect of exposure to anesthetic drugs in young children is unknown. Some, but not all, stud-
ies to date have suggested that problems similar to those seen in animals could also occur in 
infants and toddlers. The benefits of elective procedures must be weighed against the risks 
associated with anesthesia and surgery [11].

3. Preoperative evaluation and preparation

3.1. History and physical examination

A thorough preanesthetic history and physical examination must be performed with the 
goals of identifying potential anesthetic complications due to coexisting disease, determining 
whether further diagnostic studies are required prior to surgery and anticipating postopera-
tive concerns including pain management and level of cardiorespiratory monitoring required.

Factors that should be addressed in the preanesthetic history are outlined in Table 1. A review 
of all organ systems, including identification of genetic syndromes and associated anomalies, 
should be completed. Examination of previous anesthetic and surgical records may reveal 
difficulties with airway management, venous access, or anesthetic emergence and assist in 
planning future anesthetic management.

Physical examination should assess for evidence of coexisting diseases (e.g., craniofacial 
abnormalities, congenital heart disease, chronic lung disease). Hydration status may be deter-
mined by evaluating skin turgor, mucous membranes, fontanelle fullness, and urine output. 
Existing intravenous catheters should be examined for patency and hypovolemia treated 
prior to anesthetic induction. Laboratory studies must be reviewed and significant electrolyte 
abnormalities and/or anemia corrected preoperatively.
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The American Society of Anesthesiologists (ASA) physical status classification system is used as 
a uniform system for describing the degree of patient morbidity prior to an anesthetic (Table 2) 
[12]. The grading system is not intended for use as a measure to predict operative risk.

3.2. Fasting

Infants are required to fast before procedures requiring sedation and anesthesia in order to 
minimize the risk of pulmonary aspiration of gastric contents [13]. Fasting times are based on 
pediatric gastric emptying studies. Table 3 provides a summary of fasting recommendations 

 

Physical score classification* Definition

ASA I A normal healthy patient

ASA II A patient with mild systemic disease

ASA III A patient with severe systemic disease

ASA IV A patient with severe systemic disease that is a constant 
threat to life

ASA V A moribund patient who is not expected to survive without 
the operation

ASA VI A declared brain-dead patient whose organs are being 
removed for donor purposes

*Emergency cases are designated by the addition of “E” to the classification number.

Table 2. American Society of Anesthesiologists physical status classification system.

 

Factor Specific concerns

Maternal history during pregnancy Rh-ABO compatibility

Diabetes

Toxemia

Infection

Drug or alcohol abuse

Gestational age and weight Extreme prematurity and/or extremely low birth weight

Significant birth events Apgar scores

Neonatal asphyxia

Meconium aspiration

Perinatal course Apneas

Supplemental oxygen requirement

Need for ventilator support

Medications and medication allergies Type and severity of adverse medication reaction

Table 1. Factors to address in the preanesthetic history.
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by the ASA [14]. Prolonged fasting may lead to hypovolemia and hypoglycemia in infants; 
glucose-containing intravenous maintenance fluids should be administered prior to the induc-
tion of anesthesia.

The majority of pediatric aspiration events occur during anesthetic induction [15]. Risk 
factors for aspiration in the perianesthetic period include neurologic abnormality, emer-
gency surgery, intestinal obstruction or increased abdominal pressure, light anesthesia, 
and the skill of the anesthesia provider [16, 17]. Infants and young children are particu-
larly prone to regurgitation and aspiration for a variety of reasons including air swallow-
ing while crying and decreased lower esophageal sphincter incompetence. In one study, 
almost all cases of pulmonary aspiration occurred in children who gagged or coughed 
during airway management, either because neuromuscular blockade was not adminis-
tered or airway manipulation occurred before the child was completely paralyzed [15]. 
Mortality due to pulmonary aspiration is low, with an estimated incidence between zero 
and 1:50,000 [15, 16, 18].

3.3. Postoperative apnea in former premature infants

Postoperative apnea is defined as cessation of breathing or no detectable airflow for 15 seconds 
or longer, or less than 15 seconds with bradycardia. It has been observed in former premature 
infants after exposure to all forms of anesthetics (intravenous agents, inhalational agents, and 
regional anesthesia) [19–21]. The incidence of postoperative apnea varies inversely with ges-
tational age at birth and post-conceptual age at the time of surgery. Apnea risk is greater than 
1% until 54 weeks of post-conceptual age or 56 weeks of post-conceptual age in infants with a 
gestational age of 32 or 35 weeks, respectively [22].

Former preterm infants who are less than 60 weeks of post-conceptual age at the time of sur-
gery should be monitored until free of apnea for at least 12 hours. A monitored bed should 
be arranged for the postoperative period, and family members should be educated regard-
ing the risk of perianesthesia apnea. Children receiving theophylline or caffeine preopera-
tively should have these medications continued postoperatively [23]. Caffeine administration 
does not negate the need for postoperative respiratory monitoring. Factors such as anemia, 
hypothermia, hypoglycemia, hypocalcemia, acidosis, and hypoxemia may increase the risk of 
apnea and should be avoided.

 

Ingested material Minimum fasting period (hours)

Clear liquids 2

Breast milk 4

Infant formula 6

Nonhuman milk 6

Light meal 6

Table 3. American Society of Anesthesiologists fasting recommendations.
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4. Intraoperative management

4.1. Monitoring and intravenous access

The ASA’s Standards for Basic Anesthetic Monitoring mandates continual evaluation of 
oxygenation, ventilation, circulation, and temperature during all anesthetics [24]. Placement 
of both a pre-ductal oxygen saturation monitor on the right upper extremity and a post-
ductal oxygen saturation monitor on a lower extremity should be considered in neonates as 
a means to detect right-to-left shunting across the ductus arteriosus [25]. A nerve stimula-
tor may be used if neuromuscular blocking agents are administered, though the train-of-
four response is often diminished in infants less than 2 months old. It is imperative that the 
operating room be kept warm. Neonates, especially premature infants, are at high risk for 
heat loss due to an increased surface area to volume ratio when compared to older children 
and adults [26, 27]. The need for invasive monitoring, including arterial and central venous 
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catheters are utilized when large intravenous access is necessary, central venous pressure 
monitoring is required, or in hemodynamically unstable conditions likely to require contin-
uous vasopressor infusions. The benefits of placement must always be weighed against the 
risks associated with use, such as catheter-associated bloodstream infection [29]. A urinary 
catheter should be considered in surgical cases of prolonged duration or when significant 
blood loss is expected.

4.2. Anesthetic agents

Most infants arriving as outpatients for surgery may undergo mask induction of anesthesia 
with inhaled anesthetic agents. Those patients presenting from inpatient hospital wards or 
the neonatal intensive care unit (NICU) with intravenous access in situ may undergo intrave-
nous induction of general anesthesia [27].

4.2.1. Inhaled anesthetic agents

Inhaled halogenated anesthetics (most commonly sevoflurane, isoflurane, and desflurane) are 
used for both induction and maintenance of general anesthesia. The minimum alveolar con-
centration (MAC) is the end-tidal concentration of inhaled anesthetic agent at which 50% of 
patients do not move in response to a noxious stimulus. MAC values are used to compare the 
relative potencies of anesthetic agents and vary with age for each particular agent (Table 4) 
[30–32]. Of note, MAC values may differ for preterm neonates depending upon the inhala-
tional agent used and the gestational age of the infant.

Sevoflurane is the halogenated agent most commonly chosen for mask induction of anes-
thesia; its use is associated with a reduced incidence of breath holding, coughing, laryn-
gospasm, and oxygen desaturation when compared with other inhaled anesthetics [30]. 
Nitrous oxide, a nonhalogenated agent, may be used in conjunction with halogenated 
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inhaled anesthetics to speed inhalational induction (“second-gas effect”) or reduce halo-
genated agent doses during the maintenance phase of anesthesia. Nitrous oxide must be 
used with caution as it may rapidly diffuse into and expand gas-filled body cavities. Its 
use should be avoided in laparoscopic surgery and is contraindicated in patients with a 
pneumothorax [33].

4.2.2. Intravenous anesthetic agents

Similar to inhaled halogenated anesthetics, intravenous anesthetic agents may be utilized for 
both induction and maintenance of anesthesia. Agent choice is commonly based upon the 
following drug properties: speed of onset, duration of action, cardiovascular stability, and 
side-effect profile [34].

Propofol is an intravenous agent with sedative-hypnotic properties resulting from gamma-
aminobutyric acid (GABA)-mediated inhibitory neurotransmission. Systolic blood pressure 
falls approximately 15% after propofol administration due to decreases in preload, cardiac 
contractility, and systemic vascular resistance. Propofol is a potent respiratory depressant, 
and apnea may occur transiently after bolus administration. Pain on injection may be attenu-
ated with intravenous lidocaine administration.

Ketamine is a phencyclidine derivative that antagonizes N-methyl-D-aspartate (NMDA) 
receptors. This results in a “dissociative”-type anesthesia and a potential for disturbing 
dreams or delirium. Ketamine possesses excellent amnestic, analgesic, and bronchodilation 
properties. Administration is associated with favorable hemodynamic parameters except in 
catecholamine-depleted patients. The use is limited in patients with a history of seizure dis-
order and in those in whom increases in intracranial and/or intraocular pressures would be 
detrimental. Nystagmus, myoclonus, and copious oral secretions are frequent side effects of 
ketamine use.

Etomidate depresses the reticular activating system and mimics the inhibitory effects of 
GABA. It possesses minimal effects on the hemodynamic system but can decrease ventila-
tory drive. Induction doses are known to transiently inhibit enzymes involved in cortisol and 
aldosterone synthesis with the potential for adrenocortical suppression.

Thiopental is a barbiturate that acts by prolonging the duration of GABA-mediated chloride 
channel opening. Administration can cause cardiovascular depression that is accentuated in 
the hypovolemic patient. Compared to other induction agents, acute tolerance to thiopental 
may develop, and prolonged sedation can be noted after induction doses [35].

Characteristic Sevoflurane Desflurane Isoflurane Nitrous oxide

MAC adult 2.05% 7.0% 1.2% 104%

MAC neonate (full 
term)

3.2% 9.2% 1.6% –

Table 4. Minimum alveolar concentration (MAC) values for modern inhalational anesthetics.
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4.2.3. Neuromuscular blocking agents

Neuromuscular blocking drugs allow for patient immobility, smooth endotracheal intuba-
tion, increased tolerance of mechanical ventilation, and optimal surgical relaxation. They are 
classified into two groups, depolarizing and non-depolarizing agents, based on activity at the 
neuromuscular junction [36]. The choice of drug depends on the desired speed of onset, dura-
tion of action, route of elimination, and side-effect profile.

Succinylcholine is the only depolarizing agent currently available for clinical use. An increased 
dose of succinylcholine is necessary in infants due to relative effect resistance at the neuro-
muscular junction and the larger volume of distribution in the neonate. Succinylcholine is 
metabolized by circulating pseudocholinesterase. It has a very rapid onset (60 seconds) and 
short duration of action (5 minutes). Succinylcholine carries an FDA “black box warning” 
against routine use in children due to risk of hyperkalemic cardiac arrest in patients with 
undiagnosed neuromuscular disorders [37]. Thus, it is recommended that the use of succi-
nylcholine in children be reserved for emergency intubation or instances where immediate 
securing of the airway is necessary (e.g., laryngospasm, difficulty airway, full stomach) [38].

Non-depolarizing neuromuscular blocking agents are divided into intermediate (atracurium, 
cisatracurium, rocuronium, and vecuronium) and long-acting (pancuronium) varieties [26]. 
Neuromuscular blocking drugs are responsible for over 35% of anesthetic-related hypersensi-
tivity reactions and should be considered as potential causes if anaphylaxis is suspected in the 
perianesthetic period. The effects of non-depolarizing muscle relaxants may be antagonized 
by an anticholinesterase (neostigmine or edrophonium) administered in conjunction with an 
anticholinergic agent (glycopyrrolate or atropine) to minimize parasympathetic side effects. 
Successful reversal of neuromuscular blockade in infants is demonstrated by adequate return 
of strong hip and/or arm flexion, abdominal muscle contraction, and return of the train-of-
four twitch response to four equal twitches.

Historically, neuromuscular blocking drugs could only be reversed after adequate time had 
elapsed to demonstrate some natural return of neuromuscular function. Sugammadex, a 
cyclodextrin oligosaccharide, is a new reversal agent that inactivates steroidal neuromuscular 
blocking agents such as vecuronium and rocuronium via direct encapsulation. This mech-
anism allows for rapid and complete reversal of neuromuscular blockade within minutes 
of administration of a neuromuscular blocking agent. Studies examining sugammadex use 
in children aged 2–18 years suggest no evidence of higher incidence of adverse effects with 
sugammadex compared to that with neostigmine or placebo [39]. Data regarding the safety of 
sugammadex in infants are currently limited.

4.3. Fluid and blood product management

Calculating total intraoperative fluid requirements necessitates considering fluid type, mainte-
nance fluid requirements, evaporative fluid losses, and replacement of intraoperative blood loss.

4.3.1. Glucose requirements

Healthy infants and children can remain euglycemic for up to 17 hours despite fasting. Infants receiv-
ing total parenteral nutrition or 10% dextrose in water (D10W) preoperatively require  continued 
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glucose replacement intraoperatively [27, 40]. Glucose levels naturally increase intraoperatively 
secondary to decreased insulin sensitivity from release of surgery-related stress hormones.

4.3.2. Maintenance fluid requirements

Maintenance fluid requirements are determined by accounting for water losses from the 
renal, pulmonary, and gastrointestinal systems in addition to calculating baseline body 
weight and calorie usage [40]. While a variety of formulas exist to determine the mainte-
nance fluid requirements of an infant or child, the simplest is the “4-2-1” rule shown in 
Table 5 [40, 41].

D5 0.25% normal saline (NS) and D5 0.45% NS are commonly chosen maintenance fluids for 
children, as they closely accomplish the goal of delivering 3 mEq of sodium, 2 mEq of potas-
sium, 2 mEq of chloride, and 5 g of glucose for every 100 mL of water administered. Nil per os 
(NPO) fluid deficit is calculated by multiplying the hourly maintenance fluid requirement by 
the number of hours the patient has been NPO. The NPO deficit is typically replaced intraop-
eratively as follows: half the total volume deficit is administered in the first hour, one quarter 
in the second hour, and the remaining quarter in the third hour.

Intraoperative evaporative fluid losses may be replenished with isotonic crystalloid or col-
loid fluids according to the following formula based on the invasiveness of surgery: superfi-
cial 1–2 mL/kg/h, moderate/intrathoracic 4–7 mL/kg/h, open intra-abdominal 6–10 mL/kg/h, 
and neonates with necrotizing enterocolitis >50 mL/kg/h. Current data are limited but do not 
support specific benefits of human albumin usage over other colloids or crystalloids in neo-
nates [42, 43]. Favored colloid usage is institutional and region specific; many centers in the 
United States utilize albumin, while institutions in other nations favor hydroxyethyl starches 
or gelatins [44].

4.3.3. Blood products

Estimated blood volume is calculated based on the age and weight of the patient (Table 6) 
[45]. Prior to surgery, one may calculate the maximum allowable blood loss (MABL) that 
would necessitate blood transfusion using the following equation:

   MABL = EBV ×    (Hct current - Hct min)   ____________________________   (Hct current)     (1)

where Hct current is the current hematocrit and Hct min is the minimum acceptable hematocrit.

 

Weight Hourly Day

<10 kg 4 mL/kg 100 mL/kg

10–20 kg 40 mL + 2 mL/kg for every kg >10 kg 1 L + 50 mL/kg for every kg >10 kg

>20 kg 60 mL + 1 mL/kg for every kg >20 kg 1.5 L + 20 mL/kg for every kg >20 kg

Table 5. Maintenance fluid requirements by weight.
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Recommended doses for replacement of blood products are outlined in Table 7 [46].

Packed red blood cells (PRBCs) have a hematocrit of approximately 55–70%. Fresh frozen 
plasma (FFP) administration is indicated when there is laboratory evidence of coagulopathy 
or significant blood loss approaching one blood volume [47]. Intraoperative platelet transfu-
sion is more likely to be necessary with preoperative platelet counts <150,000 per mm3 or 
after the loss of two to three blood volumes [41, 48]. Massive blood loss has historically been 
replaced in a 1:1:1 fashion with PRBCs, FFP, and platelets. Currently, it is recommended that 
FFP administration begins after one blood volume has been lost or at the first sign of clini-
cal coagulopathy [49]. It is imperative for the surgeon and the anesthesiologist to maintain 
excellent communication regarding expectations for blood loss and proper preparation of the 
patient including any necessary laboratory screening tests for blood typing, antibodies, and 
cross matching.

5. Neonatal pain management

Pain has been defined as “an unpleasant sensory and emotional experience associated with 
actual or potential tissue damage, or described in terms of such damage” [50]. Accurately 
defining and quantifying pain in the neonate has challenged the medical community for 
decades. Neonatal pain pathways are immature and poorly understood; over 40 different 
pain scales have been developed to assess pain in the term and preterm neonate. Because 
neonates and infants cannot verbally communicate pain, regrettably their pain may go unrec-
ognized and undertreated.

Age Estimated blood volume (mL/kg)

Premature infant (<37 weeks of gestational age) 100

Term infant 90

Toddler 80

School-aged child 75

Adult 65–70

Table 6. Calculating estimated blood volume.

 

Product Dose Expected increase

Packed red blood cells 10–15 mL/kg Hemoglobin 2–3 g/dL

Fresh frozen plasma 10–15 mL/kg Factors 15–25%

Platelets 5–10 mL/kg Platelets 50–100,000/mm3

Cryoprecipitate 1–2 units/kg Fibrinogen 60–100 mg/dL

Table 7. Recommended doses for replacement of blood products.
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Historically, it was believed that neonates did not have the same pain perception as older 
infants and adults. Opioids were known to cause respiratory depression and were consid-
ered harmful; thus, postoperative analgesia with opioids was discouraged. This remained 
the predominant view until as late as in 1987, when research by Anand and colleagues chal-
lenged this long-standing tradition by demonstrating that unattenuated noxious or painful 
stimuli during neonatal cardiac surgery caused a deleterious stress response and increased 
morbidity. Anand published two landmark papers presenting scientific evidence that neo-
nates experience pain and the medical necessity for treating such pain. Change in practice 
soon followed, accompanied by a rapid expansion of literature in this area [51–53].

Neonates in the intensive care unit are estimated to undergo as many as 14 invasive pro-
cedures associated with pain each day, with analgesia inconsistently provided for many of 
these procedures (Table 8) [54]. This is concerning as research has correlated undertreated 
pain in the neonatal period with long-term detrimental effects, including behavioral disorders 
and altered sensitivity to pain later in life [55–59].

5.1. Pain assessment

An ongoing challenge involves appropriately assessing and effectively treating pain in the 
neonate. The immature dorsal horn circuits predominantly exhibit excitatory tone, with 
weaker inhibitory GABA and glycine signaling. It is uncertain whether or not this lack of 
inhibitory processing increases the neonate’s perception of pain. Flexion reflexes may be elic-
ited with either tactile or nociceptive touch; conversely, neonates with no behavioral reaction 
to heel lance showed a strongly activated cortex on EEG in one study, demonstrating the 
inadequacy of behavioral indicators to reliably detect pain [60].

Distinguishing between pain and agitation is also difficult as there are overlapping behav-
ioral and physiologic manifestations [61]. Facial expression (total facial activity with spe-
cific features including brow lowering, eye squeeze, nasolabial furrow, and open mouth) is 
considered the most sensitive behavioral indicator of acute pain. Other behavior pain indi-
cators include body posture, limb movements, cry, consolability, and sleep/wakefulness. 
Physiological parameters include heart rate, respiratory rate and pattern, oxygen saturation, 

 

Diagnostic procedures Arterial puncture, bronchoscopy, endoscopy, heel lancing, 
lumbar puncture, retinopathy of prematurity examination, 
suprapubic bladder tap, venipuncture

Therapeutic procedures Bladder catheterization, central line insertion/removal, 
chest tube insertion/removal, chest physiotherapy, dressing 
change, gavage tube insertion, intramuscular injection, 
peripheral venous catheterization, tracheal tube insertion/
removal, mechanical ventilation, tracheal suctioning, 
postural drainage, adhesive tape removal, ventricular tap

Surgical procedures Circumcision

Other surgical procedures

Table 8. Commonly performed painful procedures in the neonatal intensive care unit.
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and blood pressure. These parameters are also important, but less specific, as alterations may 
be the result of the underlying disease process rather than pain. In the mechanically ventilated 
neonate with neuromuscular blocking therapy, pain must be evaluated based on changes in 
heart rate or blood pressure. Biological markers for pain such as emotional sweating (palm or 
sole, measured by skin conductance or galvanic skin response) or increased stress hormones 
(serum or saliva cortisol) are used in research but have limited clinical utility. Among the vali-
dated neonatal pain scales, premature infant pain profile (PIPP) assesses procedural pain, and 
neonatal pain, agitation, and sedation scale (N-PASS) assesses ongoing pain and sedation in 
both term and preterm neonates, providing an advantage over other available neonatal pain 
assessment tools (Table 9) [62–65].

5.2. Therapeutic approach

Neonatal pain is best managed using a tiered approach. Painful procedures should be avoided 
when possible through the use of noninvasive monitoring and bundling of laboratory blood 
draws. Non-pharmacological therapy, such as nonnutritive sucking, oral sucrose, breast or 
bottle feeding, and swaddling, can be used during mildly painful events (i.e., lab draws, line 
insertion, removal of adhesives, wound treatment, bladder catheterization). Topical anesthet-
ics may be used prior to skin-breaking procedures, though caution must be exercised in the 
preterm neonate as the epidermis is structurally and functionally immature, increasing the 
risk of toxicity. Acetaminophen is effective for mild pain and as an adjuvant for moderate to 
severe pain. Ketamine is a potent analgesic and NMDA antagonist that can be utilized during 
moderate to severe painful procedures of short duration or as an adjuvant to prevent opioid 
tolerance. Systemic opioid analgesics are utilized to treat moderate to severe pain in con-
junction with the above therapies (Table 10) [66, 67]. Analgesic medications are most reliable 
when given intravenously, as oral absorption is unpredictable in the neonate [64, 68].

 

Pain scale Variables included Type of pain assessed

Premature infant pain profile (PIPP) Heart rate, oxygen saturation, facial  
actions

Procedural, postoperative

Neonatal infant pain score (NIPS) Facial expression, crying, breathing 
patterns, arm/leg movement, arousal

Procedural

Neonatal facial coding system (NFCS) Facial actions Procedural

Neonatal pain, agitation, and sedation 
scale (N-PASS)

Crying, irritability, facial expression, 
extremity tone, vital signs

Procedural, postoperative, 
mechanically ventilated patients

Cry, requires oxygen, increased vital 
signs, expression, sleeplessness (CRIES)

Crying, facial expression, sleeplessness, 
requires oxygen to stay at >95% 
saturation, increased vital signs

Postoperative

COMFORT scale Movement, calmness, facial tension, 
alertness, respiration rate, muscle tome, 
heart rate, blood pressure

Postoperative, critical care

Douleur Aigue du Nouveau-ne (DAN) Facial expression, limb movements,  
vocal expression

Procedural

Table 9. Summary of validated neonatal pain scales.
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Postsurgical pain should be anticipated and preemptively treated to mitigate the pain and 
stress response. In conjunction with analgesic medications, local anesthetics may be admin-
istered as a field block, as a targeted nerve block, or as an epidural block (Table 11) to 
effectively treat procedural and surgical pain. Care must be taken during the placement of 

 

Medication Intermittent dose Infusion dose Adverse effects

Acetaminophen 10 mg/kg IV/PO N/A None reported*

NSAIDS Not recommended N/A Unwanted ductal closure, 
gastropathy, nephropathy, 
NEC, IVH, surgical bleeding

Morphine 0.05–0.1 mg/kg IV 0.005–0.03 mg per hour Respiratory depression, 
decreased gastrointestinal 
motility, hypotension, 
urinary retention

Fentanyl 1 mcg/kg IV 0.5–2 mcg/kg per hour Respiratory depression, 
hypotension, muscle rigidity, 
hypothermia

Ketamine 0.5–2 mg/kg IV 0.5–1 mg/kg per hour Respiratory depression, 
increased secretions

NSAIDS, nonsteroidal anti-inflammatory drugs; NEC: necrotizing enterocolitis; IVH: intraventricular hemorrhage
*No reported adverse effects at therapeutic doses. Known hepatotoxicity with overdosing.

Table 10. Recommended analgesic dosing for neonates.

 

Block Indications

Caudal epidural block Lower abdominal surgery, inguinal herniorrhaphy, 
circumcision, orchidopexy, lower limb and pelvic 
orthopedic surgery

Caudal epidural catheter * Lumbar level: lower abdominal, pelvic, and lower limb 
surgery
Thoracic level: upper abdominal, renal, or thoracic surgery

Paravertebral block (via catheter) Unilateral thoracic or renal surgery

Intercostal nerve blocks Thoracic surgery, multiple levels typically required

Brachial plexus block (axillary or infraclavicular) PICC line placement, ischemic limb salvage (arterial 
vasodilation)

Rectus sheath block Umbilical/paraumbilical hernia, laparoscopic surgery, 
pyloromyotomy

Transversus abdominis plane (TAP) block Lower abdominal surgery

Penile block Circumcision

Femoral nerve block PICC line placement lower limbs, muscle biopsy, skin 
graft, clubfoot repair

*Non-tunneled caudal epidural catheters should be removed after 72 hours or sooner when visible signs of soiling are 
present to minimize infectious risks.

Table 11. Neuraxial and peripheral nerve block indications.
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Local anesthetic toxicity (LAST) management

• Obtain help

• Managing the airway, administering 100% oxygen

• Treat seizure activity (benzodiazepines preferred)

• Alert nearest facility capable of cardiopulmonary bypass

• Support cardiovascular function (prolonged CPR, reduced epinephrine doses)

• Institute 20% lipid emulsion therapy (lipidrescue.org)

Table 13. Treatment of local anesthetic toxicity.

local anesthetics, as unintended intravascular delivery can lead to systemic toxicity man-
ifesting as altered consciousness, seizures, hemodynamic instability, and ultimately car-
diovascular collapse. Safe practice includes aspiration prior to injection, slow incremental 
dosing, adherence to maximum dosing guidelines, and appropriate dose reductions for the 
neonate (Table 12) [69]. Local anesthetic toxicity must be promptly recognized and treated 
(Table 13) [70].

 

Local anesthetic Standard maximum dose * Recommended neonatal 
dose

Comments

Bupivacaine 2.5 mg/kg 1 mg/kg Commonly used for field 
blocks and wound infiltration

Ropivacaine 3 mg/kg 1.5 mg/kg Decreased motor block and 
cardiotoxicity compared with 
bupivacaine
Vasoconstrictor effects (avoid 
using for digital and penile 
blocks)

Lidocaine 5 mg/kg 2.5 mg/kg

Prilocaine Not recommended Not recommended Concern for 
methemoglobinemia

Chloroprocaine 14 mg/kg 7 mg/kg No plasma accumulation due 
to short half life

Topical anesthetic Maximum dose Comments

Eutectic mixture of local 
anesthetics (EMLA)

1 g/5 kg 1 g Equal parts lidocaine and 
prilocaine
Maximum skin contact 
1 hour
Risk of methemoglobinemia 
increased in premature 
neonates

*Maximum doses are additive and not independent of each other; local anesthetic dosing should be decreased by 50% in 
neonates.

Table 12. Commonly used local anesthetics.
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Abstract

The first paediatric cases involving the use of spinal anaesthesia were published at the 
end of the nineteenth century. However, the technique did not receive much interest in 
paediatric anaesthesia until the 1980s. In the last three decades, paediatric spinal anaes-
thesia has received widespread approval as an alternative technique to general anaesthe-
sia in school-/preschool-aged children, particularly in term and preterm neonates with 
high risk associated with general anaesthesia. The development of new and safer local 
anaesthetics mainly through better understanding of the pharmacokinetics and dynamics 
and dedicated paediatric tools are the keys to this success. Paediatric spinal anaesthesia 
is an easy and effective technique, and its high efficiency and safety are supported by the 
presence of numerous publications from the medical literature. However, it remains lim-
ited to situations in which general anaesthesia poses a major risk. Despite these advances, 
it is important to understand the correct technique and the anatomy of children at differ-
ent ages. Also, the appropriate equipment, the pharmacokinetics and toxicities of local 
anaesthetics and the indications and complications of paediatric regional blocks should 
be well known. The goal of this chapter is to review and discuss some of these topics of 
paediatric spinal anaesthesia for paediatric surgery.

Keywords: paediatrics, anaesthetic techniques, regional anaesthesia, paediatric spinal 
anaesthesia, complications, anaesthetic management

1. Introduction

1.1. History of paediatric spinal anaesthesia

The use of paediatric regional anaesthesia began in the first half of the 1900s. In 1898, Bier [1] 
performed the first spinal anaesthetic, and two of his patients were children. Bier’s publications 
were followed by reports by Donitz in Europe [2]. In addition, in 1909–1910, two detailed articles 
about more than 100 children with spinal anaesthesia were published by Gray [3, 4] in the Lancet.

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



With the development of general anaesthesia, there was little interest in paediatric spinal 
anaesthesia until the 1950s. Since then, paediatric spinal anaesthesia has become a more pop-
ular technique for the anaesthesiologist, and during the last three decades, the spinal anaes-
thetic approach has increased dramatically in children. This technique has been used safely 
in premature and ex-premature infants with a high risk of apnoea associated with general 
anaesthesia [5–8]. Also, spinal anaesthesia is an uncomplicated and effective technique that 
provides a rapid onset and exceedingly effective analgesia, sympathetic and motor block in 
the lower part of the body [9].

Despite the increased prevalence of spinal anaesthesia in children, it is still not practised 
everywhere owing to the use of conventional general anaesthesia.

2. Spinal anaesthetic approach: anatomical and physiological differences 
in paediatric patients

2.1. Anatomical structure of and differences in vertebral column

The anatomical structure of the spinal column in children differs from that of adults. In pre-
mature infants (approximately 90%), the spinal cord terminates between the L2–L3 vertebra 
[10]. In newborns, the spinal cord extends down to the level of the L3 lumbar vertebra, com-
pared with the L1 lumbar vertebra in adults (Figure 1) [11–13].

The dural sac ends at the L4 vertebra at birth but reaches S2 by the end of the first year of life 
(Figure 1) [13]. Shin et al. confirmed that the end of the dural sac was at a median level of the 
upper S2 in children aged less than 36 months of age [14].

The iliac crest (intercristal line—Tuffier’s line) can be used to determine safe puncture levels 
for children in the same way as in adults. In infants, the intercristal line passes through the 

Figure 1. Anatomical structure and differences between paediatric and adult invertebral column (Remodified from 
Frawley and Ingelmo [13]).

Pediatric and Neonatal Surgery42



With the development of general anaesthesia, there was little interest in paediatric spinal 
anaesthesia until the 1950s. Since then, paediatric spinal anaesthesia has become a more pop-
ular technique for the anaesthesiologist, and during the last three decades, the spinal anaes-
thetic approach has increased dramatically in children. This technique has been used safely 
in premature and ex-premature infants with a high risk of apnoea associated with general 
anaesthesia [5–8]. Also, spinal anaesthesia is an uncomplicated and effective technique that 
provides a rapid onset and exceedingly effective analgesia, sympathetic and motor block in 
the lower part of the body [9].

Despite the increased prevalence of spinal anaesthesia in children, it is still not practised 
everywhere owing to the use of conventional general anaesthesia.

2. Spinal anaesthetic approach: anatomical and physiological differences 
in paediatric patients

2.1. Anatomical structure of and differences in vertebral column

The anatomical structure of the spinal column in children differs from that of adults. In pre-
mature infants (approximately 90%), the spinal cord terminates between the L2–L3 vertebra 
[10]. In newborns, the spinal cord extends down to the level of the L3 lumbar vertebra, com-
pared with the L1 lumbar vertebra in adults (Figure 1) [11–13].

The dural sac ends at the L4 vertebra at birth but reaches S2 by the end of the first year of life 
(Figure 1) [13]. Shin et al. confirmed that the end of the dural sac was at a median level of the 
upper S2 in children aged less than 36 months of age [14].

The iliac crest (intercristal line—Tuffier’s line) can be used to determine safe puncture levels 
for children in the same way as in adults. In infants, the intercristal line passes through the 

Figure 1. Anatomical structure and differences between paediatric and adult invertebral column (Remodified from 
Frawley and Ingelmo [13]).

Pediatric and Neonatal Surgery42

vertebral column at the L4–5 or L5–S1 interspace, well below the termination of the spinal 
cord [13]. Therefore, the L4–5 or L5–S1 intervertebral space should be used for needle place-
ment in children.

Studies related to vertebral anatomy in children demonstrated that the distance between the 
skin and the subarachnoid space at the level of the L4–5 interspace is 6 mm at birth and 
10–12 mm at 1 year of age [15]. Ecoffey et al. [16] reported that the distance between the skin 
and the subarachnoid space was 10–18 mm in the lumbar region and 7–14 mm in the thoracic 
region in children less than 3 years of age.

The pelvis has a more rounded structure in infants, and the iliac crest is lower than in adults. 
Another anatomical difference in paediatric patients is the flexibility of a child’s spine and 
intervertebral spaces, which are easily palpated [13]. In addition to these characteristics, 
ossification of the vertebral lamina is incomplete, and the spinal needle can readily enter 
the bone. The lumbar spinal canal differs in the paediatric age group too; the interpedicular 
diameter of the spinal canal at the lumbar level is quite wide and is 70% of the adult size at 
birth [9, 17].

All these anatomical differences between children and adult scan facilitate dural puncture in 
children, but paediatric spinal anaesthesia is a specialised technique, and these anatomical 
characteristics must be taken into consideration in order not to cause complications when 
performing the spinal technique.

2.2. Physiological differences between adult and paediatric patients

In neonates, insufficient myelinisation and a weak endoneurium provide an ineffective bar-
rier to drug diffusion. These anatomical and physiological characteristics mean the rapid 
onset and offset of block [12, 18].

Vascularisation of the pia mater is relatively high in neonates. Cardiac output is also higher in 
children than in adults. Because of these two factors, local anaesthetic reabsorption is rapid, 
and the duration of block is shorter. Compared to adults, the total cerebrospinal fluid (CSF) 
volume is higher in children (neonates, 10 ml kg−1; infants and toddlers, 4 ml kg−1), and because 
the ligament density is low, the feeling of loss of resistance is less marked than in adults.

In infants, the lack of lumbar lordosis and increased limits of spinal flexibility can predispose 
to high spinal blockade with differences in positioning compared with older children [12, 13].

3. Benefits of spinal anaesthesia in children

3.1. Effective pain control

Spinal anaesthesia provides effective analgesia with minimal physiological changes or 
adverse effects and is an alternative to systemic analgesics (such as opioid and non-opioid 
analgesics) [19]. This feature provides a significant advantage in cases where systemic opioid 
use is contraindicated, especially in children at risk of opioid-induced adverse effects.
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Effective analgesia also creates ideal physiological conditions for the recovery period for chil-
dren and their families. An awake, cooperative and painless child adjusts more easily to the 
postoperative period. Additionally, efficient pain control reduces adverse effects due to the 
neuroendocrine stress response.

3.2. The effects of anaesthetics on neuronal development

In recent years, many important studies and preclinical data have been reported that describe 
how general anaesthesia affects neurodevelopmental outcome in young animals [20]. Changes 
in brain development include dose-dependent neuronal apoptosis, impairment of neuronal 
differentiation, synaptogenesis and changes to dendritic morphology [21].

The neurodegenerative effect seems to be both time and dose dependent. In animal stud-
ies, anaesthetic drugs (these act through the NMDA and GABA receptors) played a role in 
neurodegeneration.

In young animals, long-term cognitive and behavioural changes associated with general 
anaesthetics have been shown in several studies, but these findings must be supported by 
human studies and clinical data.

In recent years, various reviews, cohort studies and two meta-analyses have established that 
there is an association between anaesthesia in childhood and neurodevelopmental outcome [22].

In a randomised clinical trial, Davidson et al. compared the neurodevelopmental outcome in 
children who received either awake regional anaesthesia or sevorane-based general anaesthe-
sia for inguinal herniorrhaphy in early infancy (the general anaesthesia compared to spinal 
anaesthesia (GAS) trial) [23]. The authors found that exposure to just less than 1 h sevoflurane 
general anaesthesia in infancy did not increase the risk of adverse neurodevelopmental out-
come at 2 years of age. Nonetheless, reducing exposure to general anaesthesia especially in pre-
mature infants is important so as to reduce the deleterious effects of inhalational anaesthesia.

4. Physiological effects and advantages of spinal anaesthesia

4.1. Respiratory effects

Spinal anaesthesia has been correlated with minimal respiratory changes and ensures conti-
nuity of spontaneous breathing during surgery. This advantage is important in high-risk chil-
dren in whom the anaesthetist wishes to avoid tracheal intubation and mechanical ventilation.

In summary, the respiratory benefits of spinal anaesthesia are as follows: effective analgesia 
without respiratory depression, improved respiratory performance and enhanced ventilatory 
response to hypercapnia with bupivacaine (possible mechanism is a direct stimulating effect 
of bupivacaine on the respiratory centre) [24].

In the neonatal period, the risk of opioid-related respiratory depression and sensitivity to mus-
cle relaxant is more pronounced. However, spinal anaesthesia decreases the requirement for 
anaesthetic agents, muscle relaxants and opioids during surgery. These effects are especially 
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important for reducing the risk of postoperative apnoea in high-risk infants that require sur-
gery in this period [25].

4.2. Haemodynamic properties

Spinal anaesthesia in infants and young children is characterised by remarkable haemodynamic 
stability [15, 19, 26]. This physiological feature can be expressed clinically as the lack of signifi-
cant decreases in blood pressure and the reduced need for volume preloading or vasoconstrictor 
use. This property is important especially in the neonatal period. The neonatal heart is immature 
immediately after birth and in the first month of life. Myocardial compliance and contractility 
are lower than in adults. This means that the ability to cope with stress with afterload is also 
reduced [27]. Therefore, especially in infants with congenital cardiac disease, spinal anaesthesia 
should be the preferred anaesthetic approach as it has minimum cardio-depressant effects.

Haemodynamic stability during spinal anaesthesia in infants can be considered as one of the 
advantages of spinal anaesthesia [28, 29]. Because of this feature, awake spinal anaesthesia is 
usually regarded as safe in high-risk infants [15].

4.3. Neuroendocrine stress response

Neuroendocrine stress responses associated with surgical trauma cause some hormonal 
changes in plasma. Increased levels of plasma cortisol and suppression of anabolic hormones, 
such as insulin, cause harmful effects during the perioperative period [30]. As a result, postop-
erative pain associated with surgical trauma may cause instability in haemodynamic param-
eters, behavioural changes and neuroendocrine stress responses [31, 32].

Regional anaesthesia can reduce the stress response associated with surgical trauma (6–10). 
Many studies have confirmed this [30, 33]. Wolf et al. [34] reported that, in infants undergoing 
major surgery, central block with epidural anaesthesia was more efficacious than high-dose 
opioid in suppressing cardiovascular and stress responses. The same authors also pointed out 
that high spinal anaesthesia is more effective than intermittently delivered epidural anaesthe-
sia to reduce stress responses to surgery [35].

The neuroendocrine stress response is a phenomenon induced by surgical trauma. Severe 
stress may be pathological and may increase postoperative morbidity and mortality. Spinal 
anaesthesia is an effective method for attenuating the surgical stress response and may be 
considered an alternative to general anaesthesia especially in immunocompromised or mal-
nourished paediatric patients [26].

4.4. Gastrointestinal function

Expected effects of opioid drugs are increased intestinal muscle tone and a slowdown in peristal-
sis [36]. This situation is particularly undesirable in necrotising enterocolitis and gastroschisis 
surgery in the neonatal period, because it may lead to anastomotic leak after surgery. However, 
spinal anaesthesia is associated with earlier return of gastrointestinal function. The vasodilator 
effect of autonomic blockade increases splanchnic perfusion and peristalsis. Early recovery of 
bowel movements favours early recovery of appetite, eating and discharge from hospital.
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5. Indications and contraindications of spinal anaesthesia

5.1. Indications

Operations associated with the lower part of the body include abdominal (e.g. exploratory 
laparotomy, pyloromyotomy, omphalocele and gastroschisis and inguinal hernia repair), 
urological (hypospadias, orchiopexy and circumcision) and orthopaedic surgery and consti-
tute the main indications for spinal anaesthesia (Table 1) [9, 37].

General surgical procedures

Abdominal pathologies

• Gastroschisis

• Omphalocele

• Exploratory laparotomy

• Colostomy

• Appendectomy

• Pyloromyotomy

Inguinal and umbilical herniorrhaphy

Lower extremity procedures and orthopaedic surgery

• Club foot repair

• Open and closed reduction of hip

• Tumour resection

• Amputation

• Muscle biopsy

Urological surgery

• Circumcision

• Orchidopexy

• Cystoscopy

• Hydrocelectomy

• Hypospadias repair

• Vesicostomy

• Urethral reconstructive surgery
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Paediatric patients, especially premature and ex-premature infants, may require surgical 
interventions for several reasons in early stages of their life. In the past 30–40 years, spinal 
anaesthesia has been introduced to the modern surgical era as an important and suitable tech-
nique for selected surgery in high-risk premature and ex-premature infants (Figure 2). The 
use of the spinal anaesthetic approach is supported by studies in high-risk infants published 
by Abajian et al. [38] in 1984.

Other procedures

• Cardiothoracic procedures: noninvasive and invasive techniques (atrial/ventricular septal defect closure, patent 
ductus arteriosus ligation, etc.)

• Neurosurgical procedure: meningomyelocele operation

• Outpatient procedure: radiation oncological processes

Table 1. Indications of paediatric spinal anaesthesia.

Figure 2. Chart of follow-up period after surgical intervention in infants. PCA, postconceptional age (Remodified from 
Frawley and Ingelmo [13] and Williams et al. [25]). Infants with pre-existing apnea and less than 45 weeks PCA are at the 
risk of postoperative apnea and should be kept under observation for at least postoperative 12 h.
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Spinal anaesthesia is particularly important for reducing the risk of postoperative apnoea 
in high-risk infants and avoiding intraoperative sedation. In some specific cases, general 
anaesthesia may be technically difficult or associated with increased morbidity and mortal-
ity (such as in children with a known difficult airway, upper respiratory tract infection, full 
stomach, etc.). In such situations, spinal anaesthesia constitutes a more viable alternative for 
many anaesthetists.

Airway manipulation with endotracheal tube or supraglottic airway devices may not be per-
formed in patients with a difficult airway. Likewise, in children with upper respiratory tract 
infection, continuous airway hyperreactivity in early stages and endotracheal intubation can 
cause serious respiratory complications [39]. In both cases, the spinal anaesthetic technique 
provides reliable airway management without endotracheal intubation and the use of a mus-
cle relaxant. However, in such situations, if sedation is needed, special attention should be 
given to keeping the airway open.

Children with congenital muscular disease or respiratory muscle weakness are candidates for 
spinal anaesthesia. This is because general anaesthesia is thought to worsen respiratory func-
tion in the presence of muscle or pulmonary disease [11].

Spinal anaesthesia is also suitable in children with a full stomach and those who need emer-
gency surgery, such as acute trauma patients. The risk of aspiration is less than in general 
anaesthesia because airway reflexes are protected during spinal anaesthesia. Nausea and 
vomiting are also less likely.

Paediatric patients with congenital heart disease (CHD) frequently undergo noncardiac 
surgical procedures for the management of both comorbidities and additional congenital 
anomalies [40]. Spinal anaesthesia is also used for noncardiac surgery in these paediatric 
patients.

Shenkman et al. and Kachko et al. [15, 41] have reported studies and experiences with spi-
nal anaesthesia in children with congenital heart disease. Researchers consider that spinal 
anaesthesia is a safe and effective anaesthetic and analgesic technique in patients with CHD 
especially neonatal period.

In addition, studies that compared general anaesthesia with spinal anaesthesia indicated that 
spinal anaesthesia is associated with a significant degree of cardiorespiratory stability, a low 
incidence of respiratory complications and need for postoperative ventilator support and a 
shorter hospital stay [42].

5.1.1. Spinal anaesthesia for day-case surgery

Nowadays, another reason for preferring regional anaesthesia is its lower cost compared 
with general anaesthesia. Elective surgery including lower abdominal procedures can be 
performed as day-case surgery in paediatric patients. Spinal anaesthesia has significant 
advantages in outpatient surgery. These advantages include a rapid onset and recovery after 
surgery, the short duration of block with a single injection, easy application in experienced 
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hands, the ability to eat sooner with a lower incidence of postoperative nausea and vomiting 
and early discharge from hospital.

Spinal anaesthesia is a suitable technique for the surgeries mentioned above in children from 
6 months of age. Children can be discharged the same day after spinal anaesthesia depending 
on the discharge criteria (such as walking unassisted after spinal anaesthesia, no pain, tolerat-
ing clear fluids orally, no nausea and vomiting). However, syndromic infants and children 
with a history of apnoea or respiratory problems should not be discharged on the day of 
surgery.

5.2. Contraindications

As previously mentioned, paediatric spinal anaesthesia is a technique that is easily attempted 
in experienced hands. However, in addition to the indication for spinal anaesthesia, every 
anaesthesiologist dealing with paediatric spinal anaesthesia must have sufficient knowledge 
about the absolute and relative contraindications and limitations.

Contraindications for spinal anaesthesia include absolute and relative contraindications [9, 43] 
and are listed in Table 2.

In addition to these contraindications, dermatological problems that prevent the sterilisation 
of the puncture site are also absolute contraindications [11].

Bleeding disorders and coagulopathy are comparatively rare in children, and drugs affecting 
coagulation function are rarely used in paediatric patients. Cases of neuroaxial haematomas 
have been reported after epidural anaesthesia and diagnostic lumbar puncture [44]. Therefore, 

Absolute contraindications of spinal anaesthesia

• Infection at the puncture site

• Coagulation disorder

• Septicaemia and bacteraemia

• Axonal degenerative disease

• Severe hypovolemia

• Local anaesthetic allergy

Relative contraindications of spinal anaesthesia

• Major deformities of spinal column

• Long duration surgical procedures

• Minor abnormalities of the coagulation profile

Table 2. Absolute and relative contraindications of spinal anaesthesia.
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the patient should be questioned about the family history for major coagulation disorders 
before administering spinal anaesthesia.

6. Technique

As explained in the section on anatomical structure, the anatomical configuration of the ver-
tebra and spinal canal in paediatric patients differs from that in adults, and these differences 
must be taken into consideration when performing spinal anaesthesia.

Spinal anaesthesia is usually performed with the patient on their side with their back flexed 
and neck extended (Figure 3).

The sitting position is also used in newborns and infants, but excessive flexion of the neck 
should be avoided [9, 45].

In children, the skin-spinal space distance is short [11]. Gupta and Saha emphasised that 
the depth of insertion at L4–5 level varies with age (in newborns, 10–15 mm; up to 5 years, 
15–25 mm; 5–8 years, 30–40 mm) [12]. Due to the anatomical configuration of the dural sac 
and spinal cord in children, it is sensible to be cautious and use a low approach (L4–5 or L4–
S1) (below the intercristal line) to avoid damage to the spinal cord.

To increase the success rate of the block and decrease post-puncture complications, during 
the puncture the spinal needle must be parallel to the dural fibre. Incorrect needle position 
can cause injection of local anaesthetic drug into the subdural space. This situation may give 
rise to an incomplete block. Before injecting local anaesthetic drug, free flow and aspiration of 
CSF should always be confirmed [11, 41].

Figure 3. Lumbar puncture in the infant shown is the lateral decubitus position. In this position, puncture performed 
with the patient on their side with their back flexed and the neck extended for airway patency. IC, iliac crest.
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the puncture the spinal needle must be parallel to the dural fibre. Incorrect needle position 
can cause injection of local anaesthetic drug into the subdural space. This situation may give 
rise to an incomplete block. Before injecting local anaesthetic drug, free flow and aspiration of 
CSF should always be confirmed [11, 41].

Figure 3. Lumbar puncture in the infant shown is the lateral decubitus position. In this position, puncture performed 
with the patient on their side with their back flexed and the neck extended for airway patency. IC, iliac crest.
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After free CSF flow is observed, the needle should be forwarded by no more than 1 mm (to 
avoid subdural injection). Previous studies proposed that the needle be left in position for a 
few seconds after local anaesthetic injection. Kokki suggested that this approach would pre-
vent the drug from tracing back into the tissues and skin puncture [38, 43]. Injection should 
be performed slowly over at least 20 sec.

After injecting the local anaesthetic, it is recommended that the needle should be withdrawn 
by reinserting a stylet. This manoeuvre reduces the formation of large hole in the dura mater. 
Thereby, local anaesthetic leakage is prevented at the puncture site, which is especially impor-
tant in young children. Following an intrathecal injection, the lower extremity should not be 
moved. and the Trendelenburg position should be avoided.

Different types and lengths of spinal needle have been described for use in paediatric patients 
(gauge; tip design, cutting/pencil point; length, long/short). Various lengths of spinal needle 
are available for infants and small children, ranging from 25–50 mm [12]. A short needle 
allows comfortable movement and provides a minimal dead space; in infants, 25–38 mm nee-
dles are sufficiently long, and 50 mm needles are suitable in small children. In school-aged 
children, a standard length adult spinal needle can be used with a high success rate. In recent 
years, new atraumatic paediatric spinal needles have been manufactured (e.g. 26 G atrau-
matic needle and 27 G pencil-point needle).

The anatomical configuration of the spinal column is flatter in young children than in adults. 
Because of this, local anaesthetic injected into the subarachnoid space rapidly reaches the 
mid-thoracic level. In small children, care needs to be taken over the use of the introducer 
needle, because there is a short skin-spinal distance [46].

Needle type and the incidence of complications will be discussed in detail in the section on 
post-puncture complications. It is considered that short and thin spinal needles (e.g. 26 gauge 
atraumatic needle and 27 gauge pencil-point needle) significantly reduce postdural puncture 
complications in comparison with 22 gauge needle [11].

Kokki et al. showed that spinal puncture was successful when using cutting and pencil-point 
needles, with no differences between these needles in terms of post-puncture complications. 
Apiliogullari et al. reported that when compared with a 26 G cutting-point needle, the 27 G 
pencil-point needle leads to a significantly lower incidence of PDPH in children [47].

Almost half of the total CSF volume is in the spinal subarachnoid space in children. This 
factor plays an important role in calculating the dose of spinal blocks, with infants requiring 
higher volumes based on weight. The CSF in a neonate quickly dilutes the local anaesthetic 
after injection. This feature is one of the reasons for the use of high doses of local anaesthetic 
and the shorter duration of action of spinal blocks than in adults [48].

6.1. Sedation

Procedural sedation is often used in children before performing spinal anaesthesia. The aim 
of the sedation is to provide anxiolysis and ensure that the child remains motionless during 
lumbar puncture. Movement during puncture may cause injuries in neurovascular structures. 
Sedative drugs (such as midazolam, propofol or ketamine) may be used in small incremental 
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doses in children. Nevertheless, Sale reported that these sedative agents and the older inhala-
tional anaesthetics used with spinal anaesthesia seem to be associated with apnoeic episodes 
in neonates [49]. Newer and short-acting inhalational agents (such as sevoflurane and desflu-
rane) seem to be safer than older ones [11, 12].

Sedative agents should be avoided as much as possible in high-risk neonates. Abajian et al. 
[38] described an unsupplemented spinal anaesthesia technique in ex-premature infants 
undergoing herniotomy in 1984. In any case, spinal anaesthesia may be used without simulta-
neous sedation in this high-risk group. Further studies showed that awake spinal anaesthesia 
reduces the risk of apnoea in newborns [7, 25].

However, except in high-risk neonates, in many children spinal anaesthesia is performed 
under premedication or light sedation. In addition to the previously mentioned agents, 
dexmedetomidine (a potent, selective alpha-2 adrenoceptor agonist) may also be used. 
Dexmedetomidine provides natural sleep, anxiolysis and analgesia [50].

Transdermal local anaesthetic (such as EMLA cream) can be used on the puncture area 
45–60 min before lumbar puncture.

When under sedation, close monitoring should be performed for patient’s safety. Standard 
parameters should be monitored (especially oxygenation with pulse oximetry, end-tidal car-
bon dioxide monitoring of respiratory function and electrocardiogram).

6.2. Local anaesthetic agents

The pharmacokinetics and pharmacodynamic characteristics of local anaesthetics (LA) alter 
with age. Local anaesthetics that primarily bind to plasma protein (such as bupivacaine and 
levobupivacaine) undergo enzymatic degradation in the liver [51, 52]. Local anaesthetics 
should be used carefully, particularly in infants less than 6 months of age, because they lack 
the ability to distribute the drug and have limited metabolism [51].

Ester-type local anaesthetics such as tetracaine and chloroprocaine are metabolised by plasma 
cholinesterase [9]. Aminobenzoic acid which metabolises to ester-type local anaesthetic is 
responsible for allergic reactions. However, allergic reactions are rare in amino-amide group 
local anaesthetics [9].

As well as the onset time and duration of action of regional block, the safety profile of an agent 
is among the factors that play a role in the choice of local anaesthetic. Tetracaine, bupivacaine, 
ropivacaine and levobupivacaine are still the most commonly used local anaesthetics in chil-
dren [9, 47, 53–55].

Age and body weight form the basis for local anaesthetic dose calculation. Nowadays, obesity 
is a common problem in children. In clinical practice, the dose of local anaesthetics should be 
calculated according to the ideal body weight of the child [9]. Local anaesthetics can be used 
in different concentrations in paediatric patients.

Kokki et al. investigated the effects of local anaesthetic baricity on the block characteristics, 
comparing isobaric and hyperbaric bupivacaine in children. They found that the block char-
acteristics were similar for both drugs.
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In recent years, various studies on higher local anaesthetic doses for neonates (e.g. ropiva-
caine and levobupivacaine at a dose of 1.2 mg kg−1) have been reported, but there are few data 
regarding the safety of this dose profile [53]. Recommended dosages of local anaesthetics 
based on weight are shown in Table 3.

6.3. Adjuncts to local anaesthetics in paediatric spinal anaesthesia

The relatively short duration of action and exceedingly variable characteristics between indi-
viduals (such as duration on anaesthetic, analgesic and motor block action) are among the 
major limitations of single-injection spinal anaesthesia.

The addition of different types of adjuvant modifies the onset time, efficacy and duration of 
spinal block. However, it should be noted that subarachnoidally injected drugs are in close 
communication with neural tissue. Therefore, potential neurotoxicity should be considered 
before injecting any additive drugs (such as preservatives and antioxidants) into the cere-
brospinal fluid [11, 57]. The use of preservative-free additives seems to be a safe method that 
avoids these neurotoxic risks.

The fentanyl, clonidine and adrenaline are among the most commonly used adjuvants. 
Adrenalin is a vasoactive additive and can be combined with local anaesthetics to prolong the 
duration and intensity of block. One of the first researchers to use adrenalin was Tyrell Gray 
in 1909. Isobaric bupivacaine combined with adrenaline (2–5 μg kg−1 of body weight) prolongs 
the duration of analgesia by up to 50% [54].

A study by Fösel et al. found that 0.5% bupivacaine combined with 1:200,000 adrenaline pro-
longed the duration of analgesia from 50 to 95 min [58].

Opioids may also be used as adjunct. Low-dose intrathecal fentanyl (such as 0.2 μg kg−1 
body weight) enhances the quality and extends the duration of spinal anaesthesia [59].
When used at high doses, fentanyl and morphine can give rise to a risk of delayed respira-
tory depression.

Local anaesthetic 
drugs

Local anaesthetic doses according to body weight (mg kg−1) Duration of 
anaesthesia (mean)

<5 kg 6–10 kg 11–20 kg >20 kg

0.5% 
Bupivacaine/
levobupivacaine 
[9, 11, 53, 54, 
59, 60]

0.3–1 0.4–0.5 0.3–0.4 0.3 65–90 min

0.5% Ropivacaine 
[9, 53, 56]

0.5–1 0.5 0.5 0.5 45–105 min

0.5% Tetracaine 
[9, 25, 55]

0.2–0.6 0.4–0.5 0.3–0.4 0.2–0.3 75–105 min

Table 3. Recommended local anaesthetic dosages for spinal anaesthesia in infants and children (Remodified from 
Kokki [8]).
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Clonidine is an alpha-2 agonist agent. Intra-spinal α2-adrenergic agonists induce analgesia 
by a pathway involving nitric oxide and acetylcholine release [60]. Cao et al. [61] found that 
1 μg kg−1 of body weight preservative-free clonidine combined with bupivacaine prolonged 
the duration of sensory and motor blocks by 30 min and postoperative analgesia by 120 min 
without affecting the hemodynamic stability.

7. Complications of spinal anaesthesia

Recent studies have shown that post-puncture complications in children are similar to those 
seen in adults after spinal anaesthesia [9]. However, evaluating the signs and symptoms 
of complications is more difficult in infants and young children compared with older chil-
dren and adults. Babies can express their grievances with physiological changes and physi-
cal behaviours rather than verbally. Clinicians may misinterpret physical and behavioural 
changes as post-puncture complications.

Postdural complications and the incidence of severity are closely related to puncture tech-
nique. These complications include headache, backache, neurological complications, nausea 
and vomiting and cardiorespiratory and haemodynamic changes. More frequent complica-
tions are discussed below.

7.1. Headache

Headache is the most well-known complication of spinal anaesthesia [62].The incidence of 
headache was 3–4% with a 25–27 G spinal needle according to Kokki et al. [63]. A larger diam-
eter needle (such as 22G) increases the incidence of post-puncture headache.

In order to decrease the risk of postdural puncture headache, small diameter atraumatic 
needles with a stylet were developed. These atraumatic needles are associated with a lower 
incidence and severity of puncture complications [64].

Indeed, headache is a common symptom in children after various surgical procedures, what-
ever the type of anaesthesia.

However, the symptoms mentioned below are mostly diagnostic of post-puncture headache:

• Postdural puncture headache is often bilateral.

• Develops within 24 h after lumbar puncture.

• Symptoms worsen in minutes by moving to a sitting position from their cumbent position.

• Some children may experience nausea and vomiting accompanied by symptoms such as 
blurred vision, vertigo and tinnitus [11].

These symptoms generally disappear spontaneously within 3–5 days, but in some children, 
they may continue for a few days.

Bed rest, hydration and the use of non-opioid analgesics and caffeine are mentioned in the 
treatment protocol.
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An epidural blood patch may be required in prolonged cases and those not responding to 
treatment.

7.2. Backache

Backache is a common postoperative symptom. The incidence of backache after spinal anaes-
thesia is between 5% and 10% [9, 11, 41]. Backache may occur for various reasons such as 
direct trauma caused by the needle, ligamentous damage, muscular haematoma, reflex mus-
cular spasm and uncomfortable positioning of the patient. Low back pain is the third most 
common pain in school-aged children. However, it is not known precisely what proportion of 
backache is associated with spinal anaesthesia.

7.3. Neurological complications

Looking at the overall epidemiology of neurological complications of spinal anaesthesia, they 
appear to be rare and transient. Improper patient selection, improper anaesthetic technique 
and inexperience may cause nerve damage, compressive haematoma and rarely definitive 
haematoma. However, these complications are rare.

The 1-year long, prospective ADARFEF study published by the French-Language Society of 
Paediatric Anaesthesiology in 1996 [65] evaluated complications of regional anaesthesia. Of 
24,409 blocks, 60% were central blocks and 1.3% were spinal blocks. Most of the reported 
complications were minor (0.09%), emerged at the beginning of the process in the operating 
theatre, and had a short duration. Permanent neurological damage related to either spinal 
anaesthesia or other regional anaesthesia techniques has not been reported.

Some cases may develop transient neurological symptoms possibly because of subclinical 
neurotoxicity of local anaesthetic. Such symptoms occur a few hours after complete recovery 
from spinal anaesthesia. The incidence of symptoms following the use of bupivacaine has been 
reported as 3–4%. Symptoms are often mild and electropathological testing is negative [11].

Children may complain of pain radiating to lower extremities in the gluteal region and a tin-
gling sensation in their feet. The intensity of pain ranges from mild to severe.

In recent years, ultrasound technology has offered new opportunities in the practice of 
regional anaesthesia, particularly in young children. Ultrasound guidance (USG) allows all 
relevant anatomical and neuroaxial structures to be visualised in infants up to 3 months old 
[66]. In experienced hands, USG may reduce the number of complications and improve the 
quality, safety and efficacy of neuraxial blocks in children. Therefore, the majority of paedi-
atric anaesthesiologists are seeking to enhance their experiences in the use of USG in their 
routine clinical practice of paediatric spinal anaesthesia.

8. Summary

Paediatric spinal anaesthesia has made significant progress since Bier and Gray. Nevertheless, 
concerns about local anaesthetic toxicity, inexperience and the easy application of general 
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anaesthesia except in high-risk conditions, causes do not favour the use of the paediatric spi-
nal technique by an anaesthesiologist.

Continuous progress including developments in local anaesthetics with advanced train-
ing and appropriate use of drugs, paediatric equipment and ultrasound techniques have 
improved safety and efficacy in paediatric patients.

As anaesthesiologists become more experienced, paediatric spinal anaesthesia will continue 
to be an essential part of overall care not only for high-risk patients but also for patients 
undergoing elective surgery.
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Abstract

Neonatal tumors encompass a group of heterogeneous neoplasms that demonstrate ana-
tomic locations, behavior patterns, histologic features, and treatment responses that are 
distinct from neoplasms found in older children. The majority of neonatal tumors are 
benign, with malignant lesions accounting for only 2% of childhood cancers. However, 
histologically benign tumors can lead to detrimental effects on the fetus and newborn 
due to their size and location in relation to vital structures. An understanding of the 
incidence, appearance, and typical locations of neonatal tumors can provide important 
diagnostic information and guide treatment decisions. Although surgical intervention 
is the mainstay of therapy for many neonatal tumors, it is important to recognize that 
some lesions will regress spontaneously, whereas others may respond to noninvasive 
treatment modalities. In this chapter, we explore the epidemiology of neonatal tumors 
and provide a location-based classification schema to aid in diagnosis. A summary of 
the presentation, diagnosis, and management of the most common neonatal tumors is 
provided as well.

Keywords: neonatal tumors, sacrococcygeal teratoma, neuroblastoma, infantile hepatic 
hemangioma, mesenchymal hamartoma, ovarian cyst, cervical lymphatic malformation, 
rhabdomyosarcoma, congenital mesoblastic nephroma

1. Introduction

Neonatal tumors encompass a group of heterogeneous neoplasms that are diagnosed prena-
tally or within the first 30 days of life. Neonatal tumors demonstrate anatomic locations, behav-
ior patterns, histologic features, and treatment responses that are distinct from neoplasms 
found in older children [1]. The preponderance of information regarding the epidemiology of 
neonatal tumors is provided through the experience of single institutions. The true incidence 
of these lesions is unknown, as studies do not always account for pregnancies with a prena-
tally diagnosed mass that end in stillbirth, miscarriage, or early termination of pregnancy.

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



Most solid neoplasms identified in neonates are benign [2]. The incidence of a malignant 
tumor is 1 in every 12,500–27,500 live births, accounting for 2% of all childhood cancers [1]. 
Distinguishing between benign and malignant neoplasms can prove to be challenging in this 
group of patients. The features of a tumor that denote malignancy in adults, such as high 
nuclear-cytoplasmic ratio, high mitotic rate, and anaplasia, may be present in benign lesions 
in children and neonates [3]. Neonatal tumors are also unique in that they arise from embry-
onic and immature tissue as a result of intrinsic dysfunction of cellular growth and prolifera-
tion [3, 4]. As opposed to adult tumors, environmental exposures are believed to play little 
to no role in tumorigenesis [4]. Some malignant lesions have minimal potential for invasion 
or metastasis, while histologically benign lesions can be lethal due to their size and location.

Although less than 10% of childhood cancers arise in the setting of a cancer predisposition 
syndrome, any neonatal tumor should raise concern for this possibility [5]. The presence of 
associated congenital anomalies, multifocal or bilateral disease, and cancer in close relatives 
is suggestive of an underlying cancer predisposition syndrome [6]. Several specific types of 
tumors, including retinoblastoma, adrenocortical carcinoma, pleuropulmonary blastoma, 
hepatoblastoma, and Wilms’ tumor, show a strong association with a cancer predisposition 
syndrome [5]. Since the presence of genetically derived lesions can have implications for these 
children and their family members, genetic counseling and testing should be offered.

2. Diagnosis

A thorough history and physical examination are paramount in the evaluation of a newborn. 
However, many anomalies can be detected prior to birth. The ability to diagnose neoplasms in 
utero has evolved significantly with improvement in imaging modalities. Fetal ultrasonogra-
phy, magnetic resonance imaging (MRI), and echocardiography offer physicians the opportu-
nity to diagnose a variety of congenital diseases in the prenatal period [7–9]. Ultrasonography 
is a critical component of the prenatal obstetric evaluation and is currently the standard of 
care. Prenatal ultrasound provides vital information regarding gestational age, number of 
fetuses, fetal health, and the presence of congenital anomalies [9]. Ultrasound and MRI are 
preferred because they avoid the damaging effects of ionizing radiation.

For decades, ultrasonography has been the principal imaging modality for prenatal diagnosis 
of fetal anomalies [10]. The benefits of ultrasound are numerous, including wide availability, 
low cost, noninvasiveness, and the ability, to provide real-time evaluation of the fetus. One 
shortcoming of ultrasound is that results are operator dependent and can vary with the experi-
ence and expertise of the examiner [11]. In a systematic review of ultrasound for fetal assess-
ment in early pregnancy, Bricker et al. [12] determined the overall sensitivity for detection of 
fetal anomalies to be 44.7%. However, the sensitivities of the included studies showed great 
variability, ranging from 15 to 85.3%. In addition to operator experience, gestational age, anom-
aly type, and equipment quality impact the accuracy of screening prenatal ultrasound [12].

In the past two decades, magnetic resonance imaging (MRI) has become increasingly uti-
lized as an adjunct to ultrasound in the evaluation of fetal and neonatal anomalies [8, 10, 13]. 
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One driving force behind this phenomenon is the development of ultrafast MRI, which limits 
fetal motion artifact and does not require maternal-fetal sedation [11]. The greatest utility of 
MRI appears to occur in cases where sonographic findings are equivocal or further diagnos-
tic information is desired [11, 14, 15]. MRI is also particularly useful in illustrating anatomic 
relationships between neoplasms and adjacent structures, characterizing intracranial and soft 
tissue lesions, in cases of oligohydramnios and in cases of maternal obesity [11, 14, 15].

In the most recent Guidelines for Diagnostic Imaging in Pregnancy and Lactation, the 
American College of Obstetricians and Gynecologists states that there is no evidence of harm 
from tissue heating, acoustic damage, or teratogenesis when using MRI in pregnancy [16]. 
However, one issue that merits discussion is the use of gadolinium contrast dye to enhance 
fetal imaging. In practice, gadolinium is administered as a gadolinium-chelate molecule that is 
water-soluble and can cross the placenta into fetal circulation. Following filtration and excre-
tion by the fetal kidneys, these molecules can accumulate in amniotic fluid with the ability to 
release potentially toxic gadolinium ions [17]. Although the effect of free gadolinium ions on 
the fetus is unknown, the current recommendation is to abstain from the routine use of MRI 
contrast agents unless the benefits can be shown to clearly outweigh this theoretical risk [17].

The diagnosis of a neonatal tumor has a profound emotional impact on a family and raises 
questions about accuracy of diagnosis, prognosis, treatment options, and long-term outcomes 
[18]. While technological improvements in imaging modalities have led to better sensitivity in 
diagnosing congenital anomalies, the false-positive rate is far from negligible [19]. Care should 
be taken in making definitive statements about diagnosis and prognosis on prenatal imaging as 
normal anatomic variants can have the appearance of a neoplastic process and some lesions will 
regress spontaneously. Conversely, sonographic findings of polyhydramnios, fetal hydrops, 
hepatosplenomegaly, and placentomegaly should raise suspicion for an undiagnosed tumor.

Finally, having diagnostic imaging that points to anomalies will allow the care team to have 
prenatal discussions and do important planning. Depending on all tests done, the parents 
should be offered possible diagnoses, complications, and outcomes. However, one needs to 
be guarded with prognostication, and consideration for termination of the pregnancy must 
be very carefully made including all knowns and unknowns. Assuming that the plans are for 
delivery, early diagnosis will allow for planning around the delivery; the location of the birth-
ing center (closer to home vs. in a maternal-neonatal center), the means of birth (vaginal vs. 
Cesarean section vs. ex utero intrapartum treatment (EXIT)), the personnel required for the 
birth aside from those needed to care for the mother (neonatologist, pediatric anesthesiolo-
gist, pediatric otolaryngologist, pediatric general surgeon, pediatric cardiothoracic surgeon), 
and logistics with regard to coordination of the team including diagnostic and operative 
services.

3. Anatomic considerations/locations

Neonatal tumors represent a varied group of neoplasms that are discovered in multiple locations 
throughout the body (Figure 1). The diversity observed is not surprising since these lesions arise 
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from abnormalities in fetal and neonatal development. Teratomas, particularly sacrococcygeal 
teratomas, are the most common neonatal tumor [1, 20, 21]. Neuroblastoma is the second most 
common neoplasm in neonates and the leading cause of malignancy in this group of patients. In 
order to decrease frequency, soft tissue tumors, central nervous system (CNS) tumors, leukemia, 
and renal tumors are the next most common tumor types recognized [1, 20, 21]. Table 1 pro-
vides a brief summary of the most frequently encountered neonatal tumors. Knowledge of the 
incidence, appearance, and typical locations of these lesions can provide important diagnostic 

Figure 1. Common neonatal tumors based on location.

Type Percentage

Extracranial teratoma 24–30%

Neuroblastoma 23–30%

Soft tissue tumors 8–12%

Leukemia 6–12%

CNS tumors 6–10%

Renal tumors 5–7%

Hepatic tumors 5%

Cardiopulmonary tumors <3%

Table 1. Distribution of commonly occurring neonatal tumors [1, 18, 20, 21].
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CNS tumors 6–10%

Renal tumors 5–7%

Hepatic tumors 5%

Cardiopulmonary tumors <3%

Table 1. Distribution of commonly occurring neonatal tumors [1, 18, 20, 21].
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information. In particular, the location of the lesion gives a wealth of information regarding the 
differential diagnosis. The following discussions provide a location-based review of common 
neonatal tumors, which is intended to provide the clinician a basis to create a differential diagno-
sis to plan for management. Later, specific histologic diseases will be presented to allow tailoring 
of therapy.

4. Central nervous system

Primary central nervous system (CNS) neoplasms are the most common solid tumor in child-
hood and the leading cause of cancer death in this group of patients [22]. Fortunately, this 
is a rare entity with an estimated incidence of 5.57 cases per 100,000 children between the 
ages of 0 and 19 [23]. In neonates, CNS tumors are the fifth most common solid malignancy, 
which occur less frequently than lesions found in older children. Brain tumors in fetuses and 
neonates are unique in that they are often supratentorial, while lesions in older children are 
typically infratentorial [24]. The rarity of neonatal brain tumors and the absence of a national 
pediatric CNS cancer registry make it difficult to ascertain a true incidence [25].

In a retrospective review of 250 cases of perinatal brain tumors, Isaacs [24] found that the most 
common tumors were teratomas (29.6%), astrocytomas (18.8%), primitive neuroectodermal 
tumors (13.2%), and choroid plexus tumors (13.2%). Those children presenting with choroid 
plexus tumors, low-grade astrocytomas, and gangliogliomas had the best survival, while 
intracranial teratomas and neuroectodermal tumors exhibited the worst prognosis [24]. The 
5-year survival rate for neonatal brain tumors, regardless of treatment modality, is 23–36% 
[25]. The management of these patients includes surgical resection, chemotherapy, and irra-
diation, although any treatment decision should be coordinated through a multidisciplinary 
approach. Regardless of the histologic subtype and associated prognosis, the identification of 
a neonatal brain tumor is a devastating and life-altering experience for families.

5. Head and neck

Multiple conditions lead to the development of masses occurring in the head and neck of 
pediatric patients. The differential diagnosis is extensive and includes a variety of congeni-
tal, inflammatory, benign, and malignant lesions [26]. The vast majority of these lesions are 
benign. According to a comprehensive, 5-year review of 445 pediatric neck masses at Children’s 
Hospital of Philadelphia, the most frequent lesions were congenital in origin (55%), followed 
by inflammatory masses (27%), malignant neoplasms (11%), and benign neoplasms (3%) [27]. 
Inflammatory lesions likely account for the most common pediatric neck masses but often 
resolve with conservative therapy, obviating the need for biopsy or excision [26]. The inci-
dence and distribution of head and neck masses in the neonatal period are not as well defined.

The most common congenital head and neck lesions are branchial cleft, thyroglossal duct, 
and dermoid cysts. Although less common, vascular masses, lymphatic malformations, and 
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teratomas deserve special consideration secondary to the potential to cause detrimental effects 
on the developing fetus and newborn. Highly vascular lesions can lead to high-output cardiac 
failure and hydrops fetalis. Fluid accumulation in lymphatic malformations and the nearby tis-
sues can also lead to fetal hydrops. Mass effect and extrinsic compression from certain lesions 
have the potential to cause life-threatening airway obstruction as well as atypical development 
of adjacent structures. Cervical lymphatic malformations and cervical teratomas, two lesions 
responsible for these physiologic disturbances, will be discussed in greater detail later in this 
chapter.

Cervical vascular masses include congenital and infantile hemangiomas. An important dis-
tinction to make is that vascular malformations and congenital hemangiomas are present at 
birth, grow concurrently with the child, and do not involute. Vascular tumors develop in the 
neonatal period and demonstrate a proliferative phase followed by involution [28]. Infantile 
hemangiomas occur in up to 4–5% of newborns [29]. Infantile hemangiomas arise following 
birth, proliferate for a variable amount of time, and ultimately involute. In contrast, congeni-
tal hemangiomas proliferate in utero and are fully developed at birth. These masses can be 
subdivided into rapidly involuting and noninvoluting types. Congenital hemangiomas are 
rare, accounting for only 3% of all hemangiomas [30].

Malignant head and neck lesions are rarely diagnosed in neonates. Lymphomas are the most 
common head and neck malignancy in children, with 60% of these tumors being classified as 
non-Hodgkin’s lymphoma and the remaining 40% classified as Hodgkin’s lymphoma [31]. 
Excisional biopsy is usually necessary to provide adequate tissue to confirm the diagnosis. 
Following diagnosis, a multidisciplinary approach is recommended for appropriate staging 
and treatment [31]. Neuroblastoma is another malignancy that can be found in the head and 
neck of neonates. Typically, these are metastatic lesions as primary cervical neuroblastoma 
accounts for only 5% of neonatal neuroblastoma [32]. Some children may have a concomitant 
Horner’s syndrome secondary to compression of the cervical sympathetic chain. Treatment 
of neuroblastoma is also conducted via a multidisciplinary approach, with lesions diagnosed 
prenatally having a better prognosis than those identified following birth [32]. Other neonatal 
head and neck cancers include salivary gland malignancies, thyroid cancer, and nasopharyn-
geal carcinoma, each of which is exceedingly rare in this population.

6. Thoracic

The differential diagnosis of fetal and neonatal thoracic tumors can be narrowed signifi-
cantly with an understanding of their incidence and common locations. One useful method 
for organizing these tumors is to differentiate between mediastinal, pleural, and pulmonary 
neoplasms.

The anterior mediastinum includes the region between the sternum and pericardium below the 
thoracic inlet. The thymus, portions of the thyroid gland, and nodal tissue serve as potential 
sites for tumorigenesis. In a retrospective review of 534 fetuses and neonates diagnosed with 
teratomas, Isaacs [33] found that 2.6% of these masses occurred in the mediastinum. Teratomas 
that do occur in this region are usually located in the anterior mediastinum [34]. Sonographic 
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identification of calcifications can help differentiate mediastinal teratomas from congenital pul-
monary airway malformations and pulmonary sequestration [35]. Large mediastinal teratomas 
have the potential to cause lethal sequelae for the fetus and newborn. Polyhydramnios and pre-
term labor may develop from esophageal obstruction. High-output cardiac failure secondary 
to solid lesions with high vascularity can lead to fetal hydrops and intrauterine death. Perinatal 
decompensation and death are risks associated with intrathoracic airway obstruction. Although 
the thymus is included in the anterior mediastinum, thymomas are exceptionally rare in chil-
dren, with most of the published cases being limited to case reports and retrospective reviews. 
Thyroid neoplasms and lymphoma are also extremely rare in this group of patients.

The middle mediastinum encompasses the heart and pericardium, great vessels, tracheal 
bifurcation, and phrenic nerves. Primary cardiac tumors are very uncommon in the fetus and 
neonate [36]. Of the primary cardiac tumors that occur in these patients, nearly all of them 
are histologically benign [37, 38]. Rhabdomyomas account for the majority of these lesions 
[36–38]. Fibromas, myxomas, and teratomas represent additional benign cardiac lesions with 
rare occurrence. Pericardial-based teratomas are also exceedingly rare. Based on their size and 
location, middle mediastinal tumors can have a number of detrimental physiologic effects. 
Dysrhythmias, impairment of cardiac function, and great vessel compression may result in 
fetal or neonatal demise without timely intervention.

The posterior mediastinum is bound by the pericardium and thoracic vertebrae and extends 
from the sternal notch inferiorly to the diaphragm. The esophagus, descending thoracic 
aorta, azygos veins, thoracic duct, and neural tissue are the key components of this region. 
Nearly all of the tumors arising in the posterior mediastinum in children are neurogenic in 
origin. Neurogenic tumors are named according to the type of neural tissue from which they 
originate. Neoplasms that arise from the sympathetic chain reflect a continuum of cellular 
differentiation and maturation [39]. Ganglioneuromas are benign, fully differentiated, and 
arise from mature Schwann and ganglion cells. These are the most common posterior medi-
astinal masses in children [39]. Ganglioneuroblastomas are malignant tumors of intermedi-
ate differentiation and contain both mature and immature elements of ganglion cells [39]. 
Neuroblastomas are also malignant tumors that are derived from immature, undifferentiated 
ganglion cells [39]. Neuroblastoma is the most common malignancy and second most com-
mon tumor in neonates, with approximately 5% arising in the posterior mediastinum [32]. 
Additional tumors include neurofibroma, neurilemoma, neurosarcoma, and paraganglioma, 
all of which are uncommon in neonates.

Pulmonary lesions diagnosed prenatally or in the newborn are rarely true neoplasms. The 
most commonly identified abnormalities are congenital pulmonary malformations, intra- and 
extralobar pulmonary sequestrations, and congenital lobar emphysema. Pleuropulmonary 
blastoma is a very rare, aggressive pulmonary malignancy. Although uncommon, it is the 
primary pulmonary malignancy presenting in childhood with up to 94% of cases being diag-
nosed in children 6 years of age and younger [40]. Type I and II pleuropulmonary blastomas 
possess cystic components, which can lead to misdiagnosis as benign lesions. Since pleuro-
pulmonary blastoma is rare and over 90% of pulmonary cystic lesions in children are benign, 
surveillance may be an appropriate strategy with the knowledge that the emergence of solid 
components in the lesion warrants surgical resection [40].
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7. Abdominal/retroperitoneal/pelvic

Masses discovered in the neonatal abdominal cavity, retroperitoneum, and pelvis represent a 
very diverse group of pathologies as would be expected based on the tissue types and organs 
in this region. These lesions range from small incidentally discovered masses to those occupy-
ing an entire body cavity, from benign to malignant and from purely cystic to solid neoplasms 
[41]. Hepatic lesions are the most common intra-abdominal neonatal tumors, while neuro-
blastoma and teratoma are the most common retroperitoneal and pelvic masses, respectively.

Hepatic tumors encompass a variety of benign and malignant lesions, representing only 5% 
of neonatal tumors. Most neonatal liver tumors are benign and discovered as an asymptom-
atic abdominal mass or identified on prenatal imaging [5]. In a retrospective review of 194 
cases of fetal and neonatal hepatic tumors, Isaacs [42] identified hemangioma (60.3%), mes-
enchymal hamartoma (23.2%), and hepatoblastoma (16.5%) as the three primary tumor types. 
Hepatoblastoma represents the most common primary hepatic malignancy in this patient 
population. Serum alpha-fetoprotein is elevated in nearly half of neonates with hepatoblas-
toma; however, serum levels may remain elevated for several months following birth in chil-
dren with benign hepatic masses or in the absence of hepatic masses [43]. Surgical resection 
is the primary treatment modality for hepatoblastoma with chemotherapy typically reserved 
for children with unresectable lesions or metastatic disease. Newborns presenting with con-
genital hepatoblastoma appear to have similar survival when compared to older children 
with similar stages of disease [43].

Renal tumors account for approximately 5–7% of neonatal tumors. Non-neoplastic patholo-
gies, such as hydronephrosis and renal cystic disease, are far more prevalent than true neo-
plasms, accounting for up to 40% of neonatal abdominal masses [44]. The most common 
neonatal renal neoplasm is congenital mesoblastic nephroma (CMN), followed in frequency 
by Wilms’ tumor, rhabdoid tumor, and clear cell sarcoma [44]. Juxtarenal masses are also part 
of the differential diagnosis with neuroblastoma being the most common of these lesions.

Although prenatal ultrasound is widely used, it is estimated that only 15% of renal masses 
are diagnosed prenatally [45]. Of those lesions not diagnosed via fetal ultrasound, nearly 50% 
are identified during routine physical examination [45]. Mesoblastic nephroma is rarely diag-
nosed following the first 3 months of life, while it is uncommon for Wilms’ tumor to be diag-
nosed prior to 6 months of age [41]. Mesoblastic nephroma may be differentiated from other 
masses by the presence of a “ring sign” or anechoic circle surrounding the mass on sonog-
raphy [46]. The optimal treatment for neonatal renal masses is surgical resection. Similar to 
hepatic lesions, chemotherapy is reserved for malignant lesions that are unresectable or meta-
static at the time of diagnosis.

Teratomas are the most common neonatal tumors and the most prevalent pelvic neoplasms. 
In contrast, neonatal testicular tumors are rarely encountered in clinical practice. The tumors 
that do occur are usually testicular germ cell tumors such as teratomas and yolk sac tumors 
[47]. Diagnosis typically occurs after parents or clinicians palpate a testicular mass. Ultrasound 
examination distinguishes between intra- and extratesticular pathology. Yolk sac tumors are 
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the most common testicular malignancy in children, although most masses are benign. Serum 
alpha-fetoprotein (AFP) is a useful adjunct in the diagnosis of testicular tumors as it is elabo-
rated by nearly 90% of yolk sac tumors in childhood [48]. However, measuring AFP levels is 
less reliable in newborns as they can physiologically remain elevated for up to 1 year after 
birth in the absence of underlying pathology. Since most of these lesions are benign, some 
tumors can be excised with a testicle-sparing approach [49]. In the event that a malignancy is 
identified on intraoperative frozen section, radical orchiectomy is required.

Ovarian enlargement can result from a variety of pathologies including ovarian cysts, ovarian 
torsion, and benign and malignant neoplasms [50]. Fortunately, true neonatal ovarian masses 
are infrequently seen in practice. Many lesions are identified on prenatal imaging, although 
some children present with palpable abdominal or groin masses, endocrine abnormalities, or 
ambiguous genitalia and congenital anomalies [50]. The majority of fetal and neonatal ovar-
ian masses are cystic in nature. Management of ovarian cysts includes observation for simple 
lesions and surgical excision for larger, more complex lesions [41]. Preservation of functional 
ovarian parenchyma is the foundation of management.

8. Extremities and soft tissue

Soft tissue tumors comprise a heterogeneous group of benign and malignant neoplasms that 
represent 8–12% of neonatal tumors [1, 20, 21]. Soft tissue tumors are a rare entity in neonates, 
and the true incidence is unknown. There are a wide variety of benign tumors, including vas-
cular malformations, lipomas, lipoblastomas, and fibroblastic tumors.

Head and neck hemangiomas are the most common benign soft tissue tumors in neonates. 
Lipomas consist of a group of widely distributed fatty tumors that are composed of mature 
adipocytes with a histologic appearance identical to normal fat [51]. Lipomas are classified 
based on their depth, with superficial lesions being much more common than deep lesions, 
which are located beneath the superficial fascia [51]. Lipoblastomas are rare, benign, rap-
idly growing tumors that arise from embryonic white fat and typically occur on the trunk 
and limbs [52]. The treatment of lipomas and lipoblastomas is usually complete excision, 
although the extent of resection should take functional and cosmetic outcomes into consid-
eration. Fibroblastic and myofibroblastic tumors of intermediate prognosis represent benign 
lesions that display locally aggressive behavior with little to no propensity to metastasize 
[53]. Surgical resection remains the mainstay of treatment, yet a multidisciplinary approach is 
often necessary as radical resection of large, invasive lesions can lead to significant disfigure-
ment and disability [53].

In infants, rhabdomyosarcoma (32.8%) is the most common malignant soft tissue tumor, fol-
lowed in frequency by infantile fibrosarcoma (24.5%) and rhabdoid tumors (14.2%) [53]. Overall, 
malignant soft tissue tumors are rare in neonates. Rhabdoid tumors represent rare, aggressive 
malignancies that typically occur not only in the kidney and brain but can also be found in 
various soft tissue locations [54]. These tumors are relatively chemoresistant, demonstrate early 
tumor recurrence following surgical resection, and portend an overall poor prognosis [54].
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9. Birth considerations

Certain neonatal tumors warrant special consideration regarding fetal delivery and perinatal 
management. Neoplasms that compromise the fetal airway represent an immediate threat 
to the neonatal airway, with the potential for hypoxia, ischemic brain injury, and death 
[55]. Cervical teratomas, cervical lymphatic malformations, and cervical hemangiomas are 
the most common neoplasms with the propensity to cause extrinsic airway compression in 
the neck. Mediastinal tumors that compress the great vessels or intrathoracic trachea also 
demand specialized pre- and postnatal care. Large tumors, particularly sacrococcygeal tera-
tomas, merit consideration for Cesarean or early delivery as a method to avoid intrauterine 
or perinatal complications.

Prior to the development of the ex utero intrapartum treatment (EXIT) procedure, case reports 
described managing obstructing cervical masses with bronchoscopy and intubation prior to 
division of the umbilical cord [56]. The operation on placental support (OOPS) procedure 
involved Cesarean delivery of the head and thorax in order to perform endotracheal intu-
bation [57]. Inhaled isoflurane anesthesia was administered in hopes of minimizing uterine 
contractions in an effort to preserve fetoplacental circulation and prevent placental abruption 
[57]. These early procedures were felt to provide inadequate tocolysis and/or reduce the uter-
ine volume through fetal delivery, both of which result in uterine contraction and interrup-
tion of uteroplacental gas exchange [58].

Currently, the EXIT procedure offers a more comprehensive management approach to fetal 
and neonatal airway obstruction. The procedure also has application in the treatment of pul-
monary and mediastinal masses leading to airway obstruction or other physiologic derange-
ments. The EXIT procedure [59] entails intubating the mother and administering deep 
inhalational anesthesia with high-dose (2–3%) isoflurane. Anesthetic alone provides adequate 
uterine relaxation in many cases, but bolus doses of terbutaline or nitroglycerin can be given 
when necessary. Prior to performing hysterotomy, ultrasound is used to identify the location 
of the fetus and placenta. Following hysterotomy, the head and thorax of the fetus are deliv-
ered, allowing for multiple procedures to be performed, including bronchoscopy, orotracheal 
intubation, tracheostomy, mass excision, and ECMO cannulation. Fetoplacental circulation is 
preserved during the procedure and mitigates the possibility of hypoxia and brain ischemia. 
Once the airway is secured, the umbilical cord is divided, and Pitocin is administered, while 
the concentration of inhalational anesthetic is decreased to low levels or discontinued. The 
remainder of the procedure proceeds as would be expected from a routine Cesarean section.

Mediastinal tumors of appropriate size and location have the potential to cause fetal and 
neonatal demise through several mechanisms. One potential presentation is fetal airway and 
esophageal obstruction leading to polyhydramnios and preterm labor [60]. A second presen-
tation is great vessel compression with resulting nonimmune fetal hydrops and fetal demise 
[60]. Several successful management strategies have been reported. One strategy involves 
aspiration of the cystic component of mediastinal teratomas for size reduction and allevia-
tion of fetal hydrops until delivery and definitive management [61]. Serial amniocenteses to 
reduce uterine volume followed by neonatal resection have also been reported [60, 62–64]. 
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The EXIT procedure also serves as a useful adjunct in transitioning these children from intra-
uterine life to definitive airway control, ECMO cannulation, or surgical resection.

10. Common specific lesions

10.1. Teratomas

Teratomas are the most common neonatal tumors, accounting for up to 30% of these lesions 
in some series [1, 20, 21]. Teratomas typically occur in the midline, spanning a variety of loca-
tions from the pineal gland to the coccyx [34]. The distribution of these tumors is explained 
by the fact that they arise from pluripotent germ cells that arrest in abnormal locations dur-
ing embryologic migration [30]. Persistent division by these aberrant nests of cells results in 
tumors of varying size in diverse locations.

These neoplasms include all three germ cell layers, endoderm, mesoderm, and ectoderm. 
Most tumors are benign and can be classified as mature or immature based on their histologic 
appearance. Elements of the ectoderm, particularly neural tissue, are a dominant feature of 
immature fetal and neonatal teratomas [65, 66]. Mature and immature teratomas also contain 
mesenchymal components, including smooth muscle, cartilage, fat, and bone. Endodermal 
features such as respiratory and gastrointestinal epithelium are much less common [33, 65, 66]. 
Sacrococcygeal teratomas are the most common type of these tumors, followed in frequency 
by intracranial, cervical, palatal and nasopharyngeal, cardiac, gastric, and mediastinal terato-
mas [33]. Survival rates vary considerably by location, with intracranial teratomas (11%) hav-
ing the lowest survival and gastric teratomas (100%) demonstrating the best prognosis [33].

Sacrococcygeal teratomas represent 40–60% of teratomas and demonstrate a 3 to 1 female 
to male distribution [33, 67]. The estimated incidence is 1 in every 35,000 live births [68]. In 
countries where prenatal ultrasound is ubiquitous, many lesions are diagnosed in utero. In 
the absence of prenatal diagnosis, the classic presentation is that of a newborn with an evident 
mass on physical examination. Diagnosis of purely pelvic teratomas is frequently delayed [69]. 
Children in this category may develop urinary retention, constipation, a palpable abdominal 
mass, or failure to thrive. MRI serves as a useful adjunct to ultrasound in determining the 
degree of intrapelvic extension. In 1973, Altman et al. [69] developed a  location-based clas-
sification system for sacrococcygeal teratoma. Type I tumors are mainly external (sacrococ-
cygeal) with minimal presacral component. Type II tumors exhibit an  external component 
on presentation but have a substantial intrapelvic component. Type III tumor indicates a 
tumor with minimal external component with the majority of the mass located intrapelvic 
and extending into the abdomen. Type IV tumors are found entirely in the presacral space 
without any external component. Accurate classification is critical to parental counseling and 
appropriate operative planning.

Large sacrococcygeal teratomas represent a challenging diagnosis due to their potential to 
cause perinatal complications as well as unpredictable growth patterns [70]. Potential com-
plications associated with these tumors are numerous, consisting of premature labor from 
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polyhydramnios or increased intrauterine volume, tumor rupture, labor dystocia, hemor-
rhage, maternal mirror syndrome, and fetal hydrops secondary to high-output cardiac failure 
in highly vascular lesions [70]. Prenatally diagnosed sacrococcygeal teratomas should undergo 
frequent surveillance to monitor for rapidity of growth and development of the aforemen-
tioned complications [63]. For tumors that demonstrate a predominantly solid component 
with high vascularity, open fetal surgery may be necessary for tumor debulking to prevent 
high-output cardiac failure and fetal hydrops [71]. Similar to the management options for 
mediastinal teratomas, cyst aspiration and serial amniocenteses are beneficial interventions 
in appropriately selected patients [63, 64]. Cesarean delivery should be considered in larger 
lesions to prevent labor dystocia, tumor rupture, and hemorrhage.

En bloc resection of the tumor and coccyx is the primary treatment modality for sacrococ-
cygeal teratoma. Failure to remove the coccyx and gross tumor spillage appear to have the 
highest association with recurrence [72]. The presence of microscopically positive margins 
necessitates routine surveillance in the absence of yolk sac tumor elements on final pathology, 
while histologic confirmation of yolk sac tumor components warrants adjuvant chemotherapy 
[72]. The age at diagnosis correlates with the presence of underlying malignancy and overall 
survival. Approximately 10% of neonatal sacrococcygeal teratomas contain a yolk sac tumor 
with the incidence of a concurrent malignancy increasing with age [33]. The outcome of fetuses 
diagnosed with sacrococcygeal teratoma is worse than those diagnosed in neonates. The esti-
mated mortality for prenatally diagnosed lesions ranges from 33 to 50% and approaches 100% 
when fetal hydrops is present [33, 63, 73]. Conversely, the survival for a newborn diagnosed 
with this disease approaches 90% following complete surgical excision [33, 63, 73].

10.2. Neuroblastoma

Neuroblastoma represents the second most common neonatal tumor, accounting for 22.5–30% 
of these neoplasms, and the most common congenital malignancy [1, 20, 21]. Neuroblastomas 
are derived from primitive neural crest cells, or neuroblasts, and can be identified in any location 
where sympathetic tissue exists [74, 75]. Nearly 90% of fetal and neonatal cases of neuroblas-
toma occur in the adrenal gland compared to 35% in infants and older children [75, 76]. The next 
most common sites, in order to decrease frequency, are the retroperitoneum, posterior medias-
tinum, and neck [32]. The incidence of neuroblastoma is approximately 1 in 100,000 children, 
with a mean age of diagnosis of 18 months [77]. The incidence of neuroblastoma in neonates is 
not as well defined as tumors occur less commonly in this age group compared to older children.

Neuroblastoma is being diagnosed with increased frequency on prenatal ultrasound due 
to widespread use of fetal sonography and continued technological improvement [78]. In 
fact, there was once an interest in screening for neuroblastoma with prenatal ultrasound, 
but in general this practice has been abandoned as it only succeeded in identifying lesions 
that could otherwise be observed and did not identify the more aggressive lesions that most 
are interested in identifying early. The differential diagnosis of an adrenal lesion includes 
adrenal hemorrhage, adrenal abscess, adrenal cyst, and renal anomalies. Nearly all cases are 
diagnosed during the third trimester. Identification of a solid or cystic adrenal mass should 
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raise suspicion for the presence of an underlying neuroblastoma [78]. Postnatal MRI serves 
as useful to clarify the extent of disease and guide treatment options. Most mothers with a 
prenatal diagnosis of neuroblastoma are asymptomatic, although maternal hypertension and 
preeclampsia may occur due to elevated levels of catecholamines in maternal circulation [76]. 
In the absence of a prenatal diagnosis of neuroblastoma, presentation is variable and includes 
detection of a palpable abdominal mass, hepatomegaly, respiratory distress, and the presence 
of cutaneous nodules. Neuroblastomas are hormonally active tumors that secrete high levels 
of catecholamines and their by-products. The diagnosis can be further solidified by detection 
of these chemicals in a urine sample, although serum levels are not predictive of prognosis 
and do not dictate treatment.

Staging of neuroblastoma follows the International Neuroblastoma Staging System, which 
considers tumor location, nodal involvement, and the presence of metastases in assessing 
the burden of disease [79]. The majority of fetal and neonatal cases of neuroblastoma are 
stage I, stage II, and stage IV-S at the time of diagnosis [32, 76, 77]. Most tumors also demon-
strate favorable histology including N-myc non-amplification, stroma-rich appearance, and 
aneuploid DNA content [32, 76, 77]. Surgical resection is the principal treatment for local-
ized cases of neuroblastoma. In cases of unresectable disease, open or core needle biopsy 
provides valuable histologic information to help guide treatment decisions. Neonates with 
stage IV-S represent a particularly unique group of patients who have a localized tumor 
with metastases isolated to the liver, bone, and skin [79]. Despite the presence of meta-
static disease, these children have a favorable prognosis, and many tumors undergo spon-
taneous regression without specific treatment. Treatment options for stage IV-S include 
observation, surgical resection, and chemotherapy. Chemotherapy is also employed in the 
neoadjuvant setting for tumors that are initially deemed to be unresectable. Overall, the 
prognosis for fetal and neonatal neuroblastoma is excellent, with survival ranging from 70 
to 100% [32, 76, 77]. There have been favorable studies that have demonstrated success with 
observation with small lesions that likely represent neuroblastoma [80]. Moving forward, 
current staging is changing from a surgery-based staging toward image-defined risk cat-
egories with the majority of neonatal lesions falling into the low-risk categories. Therefore, 
we would recommend that these patients should be enrolled in current observation studies 
to document outcomes of this patient population.

10.3. Infantile hepatic hemangioma and mesenchymal hamartoma

Infantile hepatic hemangiomas are the most common primary liver tumors in newborns. 
Hemangiomas display a wide range of behavior, spanning from asymptomatic masses to 
those causing significant physiologic distress and potential demise [41]. Most lesions are 
diagnosed on prenatal imaging or found incidentally on physical examination. In some cases, 
the presence of cutaneous hemangiomas prompts evaluation for a concomitant hepatic mass 
[41]. Infantile hepatic hemangiomas are benign, vascular masses characterized by rapid post-
natal growth followed by involution in childhood [42]. For this reason, asymptomatic and 
smaller lesions can be observed for involution through serial ultrasonography. Conversely, 
some lesions develop severe arteriovenous shunting, which can lead to high-output cardiac 
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failure, fetal hydrops, and death. Other masses lead to Kasabach-Merritt syndrome, which can 
cause consumptive coagulopathy, thrombocytopenia, and hemolytic anemia [81]. Surgical 
excision is an effective management for localized lesions in children without severe physi-
ologic derangement. Selective hepatic arterial embolization can be used to induce preopera-
tive tumor shrinkage and in cases of refractory coagulopathy [82].

Mesenchymal hamartomas are the second most common hepatic tumor in newborns. These 
lesions are congenital malformations that contain elements of normal hepatic parenchyma 
including mesenchyme, portal venous branches, bile ducts, hepatocytes, and cysts of varying 
size [41]. Hamartomas are benign masses that display several chromosomal abnormalities 
[83]. Similar to hemangiomas, hamartomas are typically identified on prenatal imaging or 
found as an asymptomatic mass on physical examination. Approximately 75% are found in 
the right hepatic lobe with the rest involving the left lobe or both lobes [84]. Although these are 
histologically benign tumors, some lesions demonstrate rapid growth and result in significant 
physiologic disturbance. Tumors abutting the diaphragm can cause significant respiratory 
compromise. Compression of intra-abdominal vascular structures may lead to nonimmune 
fetal hydrops and fetal demise. Complete surgical excision is the optimal management for 
children with hepatic mesenchymal hamartomas. In tumors with large cystic components, 
fetal aspiration has been reported to mitigate detrimental fetal and obstetric sequelae [85].

10.4. Ovarian cysts

Ovarian cysts are the most common masses identified in neonatal girls and are nearly always 
benign. The etiology of ovarian cysts is not completely understood, but hormonal stimulation 
is felt to be responsible for this disease process [86]. In 1975, Valenti et al. [87] reported the first 
case of a prenatally diagnosed ovarian cyst. With improvement in ultrasonography, ovarian 
cysts are being identified with increasing frequency on prenatal imaging. Ultrasound provides 
vital information about size, location, wall characteristics, and vascularity [41]. However, many 
lesions are asymptomatic and would not be identified if not for routine fetal ultrasound [88].

Treatment of ovarian cysts hinges upon the risk of complications and the ability to differentiate 
between truly benign cysts and other ovarian neoplasms [89]. The most common complication 
encountered is ovarian torsion with subsequent loss of the affected ovary [86, 89]. Many cases 
of ovarian torsion occur prenatally, precluding the ability to intervene in an effort for ovarian 
preservation. Doppler evaluation is an unreliable measure of torsion in this patient popula-
tion secondary to vessel size and the fact that normal flow does not exclude the diagnosis [86]. 
Fetal cyst aspiration is one management strategy used to mitigate the risk of in utero torsion, 
but there is no agreed upon size cutoff to determine when this measure should be employed.

Simple cysts less than 4–5 cm in size can be observed for spontaneous regression with serial 
ultrasonography [41, 86, 88, 89]. Cysts larger than 4–5 cm are candidates for cyst aspiration 
or surgical intervention given a higher potential for ovarian torsion [41, 86, 88, 89]. Complex 
ovarian cysts, cysts that fail to regress spontaneously, cysts that recur following aspiration, 
and those that are symptomatic should be removed surgically [89]. Preservation of ovarian 
parenchyma is the hallmark of surgery for ovarian cysts. Options for surgical management 
include cyst unroofing, partial or total cystectomy, and oophorectomy. In cases of ovarian 
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torsion, the macroscopic appearance of the ovary does not necessarily correlate with the 
degree of parenchymal damage [88]. Pathologic evaluation of a portion of the cyst wall is 
recommended; however, the presence of an underlying malignancy is exceedingly rare.

10.5. Cervical lymphatic malformations

Lymphatic malformations are characterized by localized collections of malformed lymphatic 
channels that occur most commonly in the head and neck [90]. Lymphatic malformations typ-
ically occur in the posterior neck and are often associated with karyotypic abnormalities [91]. 
Other common locations are the trunk and extremities, the thoracic cavity, and the abdomi-
nal cavity. Traditionally, lymphatic malformations have been assigned to different categories 
based on histologic appearance: cavernous lymphangiomas, capillary lymphangiomas, and 
cystic hygroma [90]. However, the histologic classification does not seem to correlate with 
clinical behavior or response to therapy [90]. These masses follow a variable clinical course, 
with prenatally diagnosed lesions having a worse prognosis than those identified following 
birth [91].

Lymphatic malformations typically grow proportionally with the growth of the child, 
with rapid enlargement occurring as the result of trauma, hemorrhage, or infection [91]. 
Spontaneous infection occurs in approximately 7–30% of these masses [92]. The size and loca-
tion of a given lymphatic malformation are predictive of potential adverse consequences to 
the developing child. Head and neck lesions can lead to fetal esophageal obstruction, result-
ing in polyhydramnios and preterm labor. A more serious complication is the potential for 
neonatal airway obstruction and rapid demise following birth. The EXIT procedure [56] 
offers a comprehensive management strategy to establish a definitive airway while main-
taining fetoplacental circulation. However, if the lesion is soft and away from the midline, 
such fetuses may not require EXIT as obtaining an airway may not be difficult. Intrathoracic 
lymphatic malformations also have the potential to cause airway obstruction. Compression of 
the great vessels in the thorax and abdomen can cause high-output cardiac failure, hydrops 
fetalis, and fetal demise.

Many treatment modalities exist for the management of lymphatic malformations. In general, 
asymptomatic lesions can be observed for some time as many of these lesions will resolve 
without intervention. In those lesions that are large, growing, or symptomatic, therapeutic 
maneuvers include sclerotherapy and surgery. Prior to pursuing these therapies, the extent 
of the tumor and association with surrounding structures must be determined [91]. Nerves 
and major vessels should be preserved [90]. More complex and invasive lesions may require 
multiple, staged operations to achieve complete resection [90, 91]. Tumors that undergo com-
plete macroscopic excision show the lowest recurrence rates but still return in 17% of cases 
[93]. Recurrences occur in up to 100% of cases following aspiration and in 40% of masses that 
are incompletely excised [93]. The estimated recurrence rate following injection of sclerosing 
agents, such as sodium tetradecanol, bleomycin, and OK-432, ranges from 50 to 100% [91, 93]. 
Aspiration does play a role in emergent cases to decrease the mass effect of the tumor and 
establish an airway [90]. In small, asymptomatic lesions, a period of surveillance to monitor 
for spontaneous regression may also be pursued [90].
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10.6. Rhabdomyosarcoma

Soft tissue tumors account for 8–12% of neonatal tumors [1, 20, 21]. Rhabdomyosarcoma 
is the most common malignant soft tissue tumor in children, representing one third of 
these masses in infants and nearly half of soft tissue tumors found in older children [53]. 
Rhabdomyosarcoma is an aggressive, embryonal tumor of childhood marked by high-grade 
histology, local invasiveness, and a propensity to metastasize [53]. There are two main his-
tologic subtypes: embryonal rhabdomyosarcoma accounts for nearly 70% of all cases and 
portends a better prognosis and alveolar rhabdomyosarcoma which is characterized by 
numerous chromosomal translocations and has a worse overall outcome [94]. As mesenchy-
mal tumors that arise from skeletal muscle, rhabdomyosarcoma can occur in many locations 
throughout the body. The most common sites of occurrence are the head and neck followed 
by the genitourinary system and extremities [53]. Neonatal cases of rhabdomyosarcoma are 
rare. Male gender, Caucasian race, embryonal subtype, and undifferentiated histology are the 
predominant characteristics in neonates [95].

Rhabdomyosarcoma may be identified on prenatal imaging but more commonly presents as 
an identifiable mass following birth. The differential diagnosis is broad and includes many 
benign and malignant soft tissue tumors. Lymphatic involvement and metastatic disease are 
present in nearly 20% of cases at presentation [53]. The most common sites of metastasis are 
the lung, bone marrow, and bone. Neonatal cases of alveolar rhabdomyosarcoma may pres-
ent with brain metastases and subcutaneous nodules [96]. Biopsy of the primary lesion is 
recommended for diagnostic purposes and to determine tumor biology to guide treatment. 
However, one should proceed with complete excision of smaller lesions (<5 cm) if this can be 
performed with clear margins and without injury to surrounding structures. Larger or diffi-
cult to excise lesions should have an incisional biopsy with a sufficient tissue sample to allow 
for all necessary studies (1 cm3). Following diagnosis, tumors require staging with CT or MRI 
of the primary lesion, imaging of the chest, bone marrow aspiration, and bone marrow biopsy.

Treatment of neonatal rhabdomyosarcomas should be undertaken in a multidisciplinary 
fashion. Therapy is multimodal and includes systemic chemotherapy for metastatic disease 
and surgical resection and radiation for local disease. Complete surgical resection may not 
always be feasible, and age at diagnosis dictates the ability to give chemotherapy and radia-
tion. Age is an independent prognostic factor with children less than 1 year of age having a 
worse overall prognosis than children between the ages of 1 and 10 [97, 98]. In the Intergroup 
Rhabdomyosarcoma Study, Lobe et al. [95] found that only 49% of 14 newborns diagnosed 
with rhabdomyosarcoma were alive at 3 years.

10.7. Congenital mesoblastic nephroma

Congenital mesoblastic nephroma is the most common renal tumor occurring in neonates and 
during the first 3 months of life [45]. In a retrospective review of 210 renal tumors in fetuses 
and infants less than 2 months of age, Isaacs [44] found that the four most common renal 
neoplasms were congenital mesoblastic nephroma (66%), Wilms’ tumor (20%), rhabdoid 
tumor of the kidney (11%), and clear cell sarcoma of the kidney (3%). Congenital mesoblastic 
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nephroma demonstrates a slight male predominance with a male to female ratio of 1.5 to 1 
[45]. The most common presentations of mesoblastic nephroma are prenatal identification 
on fetal ultrasound, polyhydramnios, and palpation of an abdominal mass following birth. 
Sonographically, the presence of an anechoic circle or “ring sign” surrounding the mass may 
help differentiate congenital mesoblastic nephroma from other renal neoplasms [46]. These 
tumors typically demonstrate benign behavior; however, in addition to polyhydramnios, 
some masses may be complicated by hypertension; respiratory compromise; circulatory com-
promise from large, space-occupying lesions; and fetal hydrops [44].

Congenital mesoblastic nephroma (CMN) is a benign neoplasm that is characterized by leio-
myomatous histology with bundles of spindle cells, rare mitoses, and lack of necrosis [99]. 
The tumor can be further subdivided into classic and cellular subtypes based on histological 
appearance. Patients with the cellular subtype of CMN tend to have larger tumor burdens and 
older age of presentation [99]. Additionally, many cellular mesoblastic nephromas are cystic in 
nature, which may lead to increased risk of rupture and higher rates of recurrence [99]. Radical 
nephrectomy is the mainstay of treatment for a neonate diagnosed with CMN. Patients with 
the classic subtype of CMN are typically cured with surgical excision alone, while aggres-
sive tumors, which are often of the cellular subtype, may require adjuvant chemotherapy. 
Recurrence occurs in 5% of patients, while metastases are present in 2% of cases [44]. The over-
all survival for a patient diagnosed with congenital mesoblastic nephroma is 95–98% [99, 100].

11. Chemotherapy and irradiation

One of the greatest challenges in pediatric oncology is determining the appropriate dosing 
regimen for chemotherapeutic agents in young children [101]. Multiple factors influence the 
pharmacology of chemotherapeutic drugs in the newborn, including changes in blood flow, 
hepatic and renal development, and alterations in the amount of body composition attributed 
to fat and water [101]. Body surface area dosing is the most commonly employed dosing 
method in the pediatric setting, but there are inconsistencies in the cutoffs and magnitude 
for dose reductions [101]. Administration of chemotherapy in newborns should always take 
place under the guidance of a pediatric oncologist.

Radiation therapy is also very challenging in the pediatric patient population. Although 
radiation therapy has been successful in the treatment of many pediatric cancers, concerns 
remain about long-term side effects [102]. Growth and development failure is a primary con-
cern for children who receive radiation therapy [102]. Other late sequelae include neurocog-
nitive defects, infertility, cardiac and pulmonary abnormalities, gastrointestinal dysfunction, 
and secondary cancer development [102]. Over the last 35 years, the use of radiation therapy 
has declined in the treatment of many pediatric cancers, including Wilms’ tumor, neuroblas-
toma, ALL, and non-Hodgkin’s lymphoma [102]. The decision to use radiation therapy in the 
treatment of neonatal tumors should always include a discussion of the risks and benefits of 
therapy with a radiation oncologist. Of note for this patient population is the need to perform 
radiation under sedation as the drugs used in this treatment modality are under investigation 
as to potential long-term side effects.
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12. Conclusion

Neonatal tumors encompass an extremely diverse, heterogeneous group of neoplasms. 
Neonatal tumors demonstrate a broad spectrum of behaviors and outcomes with some lesions 
spontaneously regressing without treatment, while others are resistant to aggressive, multi-
modal therapy. The majority of lesions are benign, but histologic classification is not always 
predictive of clinical behavior or overall outcome. Treatment of neonatal tumors requires a 
clear understanding of the natural history of disease and the limitations of each treatment 
modality. The optimal management strategy incorporates the expertise of pediatricians, pedi-
atric surgeons, pediatric medical oncologists, and pediatric radiation oncologists.
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modality. The optimal management strategy incorporates the expertise of pediatricians, pedi-
atric surgeons, pediatric medical oncologists, and pediatric radiation oncologists.
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Abstract

Stabilization during preoperative cardiac surgery especially in neonates has an impor-
tant role to predict outcome for pediatric congenital heart surgery. We tried to elaborate 
general guidelines on how to diagnose and some anticipations for emergency treatments 
tailored by the type of congenital heart disease in neonates. Stabilization consists of medi-
cal treatment including emergent prostaglandin institution in some types of duct depen-
dent lesion. The role of interventional catheterization such as patent ductus arteriosus 
(PDA) stent, balloon pulmonary valvotomy, etc. as modalities for stabilization before 
surgery was also elaborated. Some general and specific guidelines based on the type of 
surgeries for postoperative management were also discussed.

Keywords: pediatric, congenital heart disease, preoperative stabilization, postoperative 
management

1. Initial treatment of critically ill neonates with cardiac defects

In the following paragraphs of this chapter, the general features of various congenital heart 
defects, their clinical symptoms and treatment principles for the management of congenital 
heart defects that become symptomatic in neonates will be discussed. In this context, the 
special measures for the initial treatment of the most common defects are presented [1–8, 11].

1.1. Epidemiology

Based on many epidemiological studies, the actual incidence of congenital heart defects is 8–11 
per 1000 live births independent of ethical background, social welfare or medical  standards. 
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As a rule thumb nearly half of these children require any form of surgical or interventional 
intervention within the first year of life. With adequate management, more than 90% of these 
children can reach adulthood and lead a relatively normal life.

1.2. Symptoms

It is typical for the different congenital heart defects to present and become manifest at differ-
ent times in early life. Of most importance are the very early phase when the patent ductus 
arteriosus closes for all ductal-dependent cardiac defects; the next important timeframe of 
clinical manifestation is the reduction in pulmonary vascular resistance (PVR) for defects with 
left-to-right shunt.

Additional important clinical symptoms that may lead to the diagnosis of a congenital heart 
defect in neonates are the presence of a murmur on auscultation or any form of arrhythmia 
(rarely as the primary symptom of a congenital heart defect).

1.2.1. Heart failure

The characteristic clinical signs of heart failure in neonates are as follows:

• Tachypnea, dyspnea, thoracic retractions

• Rarely but possible pulmonary edema mainly due to overflow

• Tachycardia

• Hepatomegaly

• Failure to thrive, difficulty in feeding, increased sweating, abnormal sleepiness

• Pallor, prolonged capillary refill time

It is evident that the clinical symptoms of neonatal heart failure are unspecific and may be 
similar to the clinical symptoms of sepsis. Therefore, many neonates with heart failure are 
treated for suspected sepsis.

In particular, cardiac defects with left-sided obstruction (coarctation of the aorta, critical aor-
tic stenosis, hypoplastic left heart syndrome), or typically become manifest as early as the 
first 1–2 weeks of life with the clinical symptoms of cardiogenic shock caused by early duct 
closure.

Note

Typical leading symptoms for the presentation of congenital heart defects in neonates are as 
follows:

 – Heart failure or cardiogenic shock (usually in the first or second week of life if there is left 
heart obstruction; for shunt defects typically not until after the drop in pulmonary resis-
tance at the age of 2–8 weeks)

 – Cyanosis
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1.2.2. Cyanosis

 – Cyanosis is a clinical sign that becomes evident when about 5% of the hemoglobin is deox-
ygenated. In neonates with polycythemia (Hb >20 g/dl), this may be present even without 
hypoxemia, in patients with anemia this may be overseen. To avoid this, pulse oximetry at 
all four limbs is the standard of care.

 – Neonatal screening: Cyanosis in a newborn should be picked up by a neonatal screening 
program that measures saturation by pulse oximetry at all four extremities at the first day 
of life. It should be standard of care that all newborns should have this screening test. If 
the saturation is >95% and the control 12 h later is again >95%, a cyanotic heart defect can 
be ruled out. If the saturation is ≤95%, additional examinations (today—ECHO as the pre-
ferred method of choice) are needed.

 – Hyperoxia test: The hyperoxia test is a more historical test and no longer useful in the times 
of ECHO. It was used to try and distinguish between cardiac and pulmonary cyanosis. In 
patients with pulmonary cyanosis, the oxygen saturation increases markedly after oxygen 
is given, while oxygen saturation is usually not significantly improved in those with cya-
notic heart defects. This test lacks specificity and sensitivity to rule out or confirm cardiac 
defects. Both pre- and postductal oxygen saturation should be measured.

 – Cardiac cyanosis can be the result of either reduced lung perfusion due to a right-to-left 
shunt, complete venous mixing in patients with total anomalous pulmonary venous return 
or intracardiac mixing of systemic and pulmonary venous blood. Methemoglobinemia is 
another rare cause for cyanosis. In addition, cyanosis can be caused by abnormality in the 
central nervous system (e.g., after cerebral hemorrhage or in cases with central apnea in 
premature neonates, etc.)

1.2.3. Heart murmur

As innocent murmurs are unlikely in this age group, a heart murmur in a neonate is always 
suggestive of a congenital heart defect. Usually, stenosis of the semilunar valves or AV valve 
insufficiency present immediately after birth due to a loud systolic murmur, the typical VSD 
murmur in a large VSD, for example, can often be not auscultated until after the  pulmonary 
resistance has dropped and the pressure gradient between the left and right ventricles 

Note

All newborns should have a neonatal screening for congenital heart defects immediately after 
birth and 12 h later. Today ECHO is the main diagnostic tool for secondary investigation and 
to rule out or confirm congenital heart defects.

If the diagnosis can not be immediately confirmed by echocardiography, an attempt of treat-
ing the neonate with intravenous prostaglandin E1 is justified.

The hyperoxia test is no longer standard of care. If there is no adequate increase in oxygen 
saturation in a cyanosed neonate, a congenital heart defect with ductal dependent lung perfu-
sion must be assumed.
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increases. In addition, in many critical heart defects, there might be no indicative heart mur-
mur at all (e.g., d-TGA simplex, coarctation of the aorta).

1.2.4. Arrhythmias

Arrhythmias often present in neonates without structural heart defects (i.e., atrial flutter, con-
genital AV block) and therefore are rarely the first symptom of a congenital heart defect. An 
AV block may occur in association with an l-TGA or heterotaxy syndromes. Supraventricular 
tachycardia due to accessory conduction pathways occurs more frequently with an Ebstein 
anomaly. The most common arrhythmia in a newborn is atrial flutter that requires immediate 
electrical cardioversion after diagnosis with adenosine but usually presents without addi-
tional defects.

1.3. Hemodynamic situation

The congenital heart defects that become symptomatic in neonates can be divided into five 
groups (Table 1).

In a ductal-dependent defect survival depends on the persistence of a patent ductus arterio-
sus. In general, ductal-dependent systemic circulation must be distinguished from ductal-
dependent pulmonary circulation. In patients with ductal-dependent systemic circulation, 
there is a high-grade obstruction of the structures of the left heart (mitral valve, aortic valve, 
arch and coarctation). To ensure sufficient systemic perfusion, the systemic circulation must 
be supplied with blood from the pulmonary circulation across the patent ductus arteriosus 
like in utero. In ductal-dependent pulmonary circulation, there is a high-grade right heart 
obstruction leading to cyanosis. Perfusion of the pulmonary circulation depends mainly on 
the blood supply from the aorta across the patent ductus arteriosus.

In parallel circulations (d-TGA), survival depends on additional shunts (especially a suffi-
ciently large atrial shunt) between the two circulations to enable mixing of the cyanosed and 
the arterialized blood.

Group Examples

Cardiac defects with ductal-dependent 
systemic circulation (left heart obstructions)

Critical aortic stenosis, hypoplastic left heart syndrome, interrupted 
aortic arch, critical coarctation of the aorta

Cardiac defect with ductal-dependent 
pulmonary circulation (right heart 
obstructions)

Critical pulmonary stenosis, pulmonary atresia with intact ventricular 
septum, pulmonary atresia with VSD, pronounced form of Tetralogy 
of Fallot, severe Ebstein’s anomaly, tricuspid atresia with pulmonary 
atresia or high-grade pulmonary stenosis

Cardiac defects with parallel circulation d-TGA—transposition of the great arteries

Cardiac defects with complete intracardiac 
mixing of blood

Total anomalous pulmonary venous connection, univentricular heart

Cardiac defects with a large left-to-right 
shunt symptomatic usually after 4–6 weeks

Large VSD, complete AVSD, large PDA, aortopulmonary window, 
Truncus arteriosus communis, univentricular hearts with unobstructed 
pulmonary blood flow

Table 1. Classification of congenital heart defects which become symptomatic in the neonatal period.
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In cardiac defects with complete intracardiac mixing of blood, the resulting cyanosis is often 
only relatively mild; when excessive pulmonary blood flow due to the lack of pulmonary ste-
nosis is often present simultaneously, this leads to pulmonary recirculation of the saturated 
blood. Heart failure usually develops as a result of the excessive pulmonary blood flow after 
4–6 weeks.

Based on this principle, congenital heart defects with a large left-to-right shunt do not become 
clinically symptomatic until the age of about 4–6 weeks; at that time, the PVR has dropped 
and the shunt between the systemic and pulmonary circulation increases dramatically. If left-
sided heart obstruction is, however, also present (e.g., VSD with CoA), the symptoms may 
develop as early as the first week of life.

1.4. Diagnostic measures

1.4.1. Oxygen saturation

As a standard of care, oxygen saturation should always be measured in children both pre-
ductally (right hand) and postductally (lower limb). If there is a defect with ductal-dependent 
systemic circulation, the (postductal) oxygen saturation measured in the feet may be lower 
than the (preductal) saturation in the right hand.

The brachiocephalic trunk branches off from the aortic arch well before the ductus arteriosus; 
therefore, it is safe to assume that the saturation measured in the right hand is equivalent to 
preductal saturation (except in the rare cases of a lusoric artery).

1.4.2. Blood gas analysis (BGA)

As metabolic acidosis is the typical finding in severe heart failure and cardiogenic shock, 
routine (arterial) BGA is recommended on multiple occasions. In addition, all BGA should 
measure lactate as surrogate of cardiac output and thereby tissue perfusion.

1.4.3. Echocardiography (ECHO)

As mentioned before, today echocardiography is the diagnostic method of choice in all 
patients with a presumed cardiac defect or impaired circulatory situation. ECHO allows an 
accurate diagnosis of all significant cardiac defects that become symptomatic in the neonatal 
period. As modern standard of care, every neonatal unit must have ECHO and support of a 
pediatric cardiologist available on a 24/7 basis.

1.4.4. Hyperoxia test

In the time of ECHO, this test has only anecdotic relevance and lacks sensitivity and specific-
ity. This test has been used to distinguish between cardiac or pulmonary central cyanosis. 
After breathing 100% oxygen for a few minutes, the cyanosis disappears or should be clearly 
reduced in pulmonary cyanosis and there is a relevant increase in arterial partial oxygen pres-
sure. In cardiac cyanosis, the partial oxygen pressure should remain largely unchanged as the 
cardiac right-to-left shunt or inadequate pulmonary perfusion cannot be compensated by the 
administration of oxygen.
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1.4.5. Pulse and blood pressure in all limbs

All neonates with suspected cardiac defect should have a pulse and blood pressure measure-
ment at all 4 limbs. If a difference in blood pressure between the right arm (preductal) and the 
lower limbs (postductal) is then manifest or the peripheral pulses in the lower limbs cannot be 
palpated, this is a hint and leading findings of coarctation of the aorta or an interrupted aortic 
arch. This examination is helpful to assess systemic circulation.

1.5. Treatment

According to the different anatomic variations and physiologic situation, there is a substan-
tial difference in the management of these children. The treatment principles for the various 
groups of congenital heart defects are presented below and based on the pathophysiology, 
the specific treatments of the individual heart defects in the neonatal period are described in 
this context.

1.5.1. Cardiac defects with ductal-dependent systemic circulation

In ductal-dependent systemic circulation, we should reestablish the prenatal circulation. 
Therefore, attempts must be made to provide as much blood as possible from the pulmonary 
circulation to supply the systemic circulation via the patent ductus arteriosus. As a result of 
this strategy, a saturation of 75–85% is adequate and saturations >85% that indicate excessive 
pulmonary blood flow should be avoided. The treatment principles of ductal-dependent sys-
temic circulation are as follows:

• Provide patency of the ductus arteriosus with a continuous prostaglandin E1 infusion (ini-
tial dosage 20–50 ng/kg/min, to be reduced after ECHO assessment; caveat: Apnoea).

• Lower systemic vascular resistance:

 ○ By reducing afterload: i.e., with sodium nitroprusside infusion

 ○ If catecholamines are needed: Use preferably milrinone and/or dobutamine (vasodi-
latation effects); avoid vasoconstrictive effects of other catecholamines (dopamine, 
noradrenaline)

Note

Today in any case, echocardiography examination is preferable to a hyperoxia test and must 
be available in every neonatal unit on a 24/7 basis.

Note

In a large patent ductus arteriosus, there may be no difference in blood pressure between the 
upper and lower halves of the body even with relevant coarctation of the aorta or interrupted 
aortic arch. The saturations, however, vary substantially.
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• Increase pulmonary resistance, increase pulmonary artery pressure:

 ○ Avoid intubation, extubate early

 ○ Avoid additional oxygen

 ○ Aim for mild metabolic acidosis (pH 7.35)

 ○ Aim for mild hypoventilation (pCO2 around 60 mmHg)

• In case of pulmonary edema caused by congestion and pulmonary overflow, give intrave-
nous diuretics (1–2 mg/kg furosemide), ensure high PEEP (i.e., 10–15 cm H2O) and reduce 
prostaglandin E1 to a minimum (e.g., 10 ng/kg/min)

1.5.2. Cardiac defects with ductal-dependent pulmonary circulation

The situation is reversed in ductal-dependent pulmonary circulation, but the prenatal situa-
tion should be achieved too. Again a saturation of 75–85% is adequate and saturations >85% 
should be avoided as they indicate inadequate pulmonary perfusion. The following measures 
can be useful to allow more blood to flow from the systemic circulation to the pulmonary 
circulation via the patent ductus arteriosus if needed:

• Secure patency of the ductus arteriosus via a prostaglandin E1 infusion (initial dosage 
20–50 ng/kg/min).

• Lower pulmonary vascular resistance:

 ○ Aim for mild metabolic alkalosis (use buffering) (pH 7.45–7.5)

 ○ Adjust ventilation for mild hyperventilation (pCO2 around 35 mmHg)

 ○ Increase FiO2

• Increase systemic vascular resistance and support systemic pressure by:

 ○ Noradrenaline infusion

 ○ Possibly also adrenaline infusion

 ○ Use volume more generously

 ○ Do not use dopamine

• Maintain rather high dosage of prostaglandin E1.

Note

The administration of oxygen (SatO2 >85%) as a general measure and hyperventilation in 
children with ductal-dependent systemic circulation can lead to an acute decompensation of 
the hemodynamic situation.
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1.5.3. Cardiac defects with parallel circulations

The only example of this cardiac defect is a transposition of the great arteries (d-TGA) together 
with its variations. The management of this situation is described in the specific treatment 
section.

1.5.4. Cardiac defects with complete intracardiac mixing of blood

The different cardiac defects (i.e., univentricular hearts) in this group are also described in the 
following treatment section.

1.5.5. Cardiac defects with a large left-to-right shunt

When the pulmonary resistance drops after the first 4–6 weeks of life, the left-to-right shunt 
and thereby pulmonary blood flow will increase dramatically. Consequently, heart failure 
may develop caused by increased volume load, which must be treated medically (diuretics, 
ACE inhibitors, beta blockers, possibly digoxin or cathecholamines) until corrective surgery is 
performed. As additional oxygen will lower the pulmonary resistance and increase excessive 
pulmonary blood flow, no additional oxygen should be administered.

Excursus: Prostaglandin

Prostaglandin E1 is given to maintain patency or reopen the ductus arteriosus in neonates 
with ductal-dependent defect. Due to its short half-life, it must be administered continuously 
intravenous. The initial dosage in a patient with a nearly closed duct is between 50 and 100 
ng/kg/min. Based on the actual effect, this dosage can be reduced gradually to a minimum of 
5–10 ng/kg/min,

The most common side effects are as follows:

 – Apnea (administer in readiness for intubation)

 – Bradycadia

 – Vasodilatation (pulmonary and systemic), hypotension

 – Fever

 – Edema

 – (Cortical hyperostosis, periostitis only after long-term administration)

Practical tip: When a prostaglandin infusion is required, always a second venous access 
should be inserted to ensure safe prostaglandin administration immediately via other access 
if the first one is dislocated. The second access can also be used for volume substitution in case 
of acute hypotension.
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1.6. Specific treatment of the most common symptomatic heart defects in the neonatal 
period

1.6.1. Left ventricle outflow tract obstruction lesion (i.e., critical aortic stenosis, coarctation of the 
aorta and interrupted aortic arch)

The initial management of these children has some common features:

• Shock therapy, including intubation and ventilation (high PEEP (>10 cm H2O) if there is 
pulmonary edema)

• Prostaglandin E1: initial dosage 50–100 ng/kg/min

• Oxygen: avoid excessive administration, use PEEP to improve oxygenation. (note: oxygen 
lowers pulmonary resistance and thus increases pulmonary blood flow)

• Use diuretics (furosemide), to manage pulmonary edema and lower preload

• Use catecholamines (dobutamine, adrenaline, NOT dopamine), preferably milrinone 
depending on blood pressure and myocardial function. (If there is a subvalvular stenosis, 
catecholamines should be administered with particular caution due to a possible increase 
in the obstruction.)

• Assess by ECHO and reduce afterload (e.g., sodium nitroprusside)

• Aim for moderate metabolic acidosis (target pH 7.35)

• Administer as little volume as possible; preferably only after cardiac function has recov-
ered or is assessed to be stable in echocardiography

1.6.1.1. Critical aortic stenosis (AoS)

1.6.1.1.1. Hemodynamic situation

Due to the severe obstruction of the aortic valve, the left ventricular function usually is mark-
edly impaired and cannot provide sufficient cardiac output for the systemic circulation which 
is supplied with blood from the pulmonary artery via the patent ductus arteriosus (i.e., pre-
natal situation). Left ventricular hypertrophy and possibly fibroelastosis have already devel-
oped in utero. This defect is often associated with other left heart obstructions (mitral stenosis, 
coarctation of the aorta, hypoplastic aortic arch—i.e., Shones complex). If a heart murmur 
is not already detected in the neonate, many patients with critical aortic stenosis present in 
severe cardiac shock. In addition, there is differential cyanosis.

In critical AoS with PDA-dependent systemic circulation (prostaglandin infusion), a left-
to-right shunt at the atrial level is necessary to allow mixing of the oxygenated pulmonary 
venous blood via the right atrium, the right ventricle, the pulmonary artery and then the pat-
ent ductus arteriosus. A balloon atrial septostomy (Rashkind maneuver) may be necessary, if 
the shunt at the atrial level is not large enough,
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1.6.1.1.2. Further procedure

If suspected ensure prompt transfer to a pediatric cardiac center for interventional catheter-
ization and performance of balloon valvuloplasty (method of choice) or surgical commis-
surotomy (rarely required); possibly carry out an emergency Rashkind maneuver if there is a 
restrictive foramen ovale and inadequate left ventricular function after balloon valvuloplasty.

1.6.1.2. Coarctation of the aorta (CoA)

1.6.1.2.1. Hemodynamic situation

In patients with critical CoA, the lower half of the body is supplied with deoxygenated blood 
from the pulmonary artery via the PDA (differential cyanosis). When the ductus arteriosus closes, 
dramatic hypoperfusion of the body distal to the aortic isthmus occurs. The left ventricle has 
now suddenly contract against the pronounced obstruction and rapid decompensation occurs. 
Associations with other left heart obstructions (bicuspid aortic valve) or a VSD are common.

1.6.1.2.2. Further procedure

Again organize prompt transfer to a pediatric cardiac center for surgical correction, which 
is generally attempted after the hemodynamic situation has been stabilized. In some spe-
cial conditions (e.g., for patients in poor general condition or with necrotizing enterocoli-
tis—NEC), primary interventional catheterization with balloon dilatation or implantation of 
a coronary stent may be indicated for stabilization until surgery.

1.6.1.3. Interrupted aortic arch

1.6.1.3.1. Hemodynamic situation

There are different forms of an interrupted aortic arch and the perfusion of the lower half of the 
body depends however entirely on a patent ductus arteriosus (i.e., prostaglandin). A VSD is 
nearly always associated with this defect and other left heart obstructions occur occasionally. 
Again oxygen saturation should be measured preductally (right hand), as the preductal satu-
ration reflects the situation of the perfusion and blood supply in the CNS and coronary arter-
ies. The levels measured in the lower limbs correspond with pulmonary arterial saturation.
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and AoA, MS and AoA, MS and AoS, MA and AoS with VSD), retrograde coronary perfusion 
takes place in all across the ductus arteriosus with mixed blood from the pulmonary artery 
and retrogradely across the coarctation and ascending aorta. Within the first few hours of life, 
the drop in pulmonary resistance together with the manifestation of a coarctation causes the 
blood from the pulmonary artery to flow primarily into the pulmonary circulation. Therefore, 
the systemic circulation—together with the coronary arteries—is increasingly less perfused. 
Severe heart failure develops, which if untreated usually results in shock. As a result, there is 
severe metabolic acidosis but due to pulmonary recirculation, the oxygen saturation is only 
moderately reduced. The higher the oxygen saturation is, the more the ratio of pulmonary to 
systemic perfusion changes are in favor of pulmonary over perfusion and systemic underper-
fusion. In addition, postnatal closure of the PDA enhances this fatal circulation with under-
perfusion of the systemic circulation and excessive pulmonary perfusion [9].

It is important to note that oxygenated pulmonary venous blood from the left atrium can only 
reach the systemic circulation across a sufficiently large shunt to the right atrium (see above).

1.6.1.4.2. Initial treatment

• Shock treatment, including intubation and ventilation (but avoid ventilation if possible, as 
long as the pH is balanced); hyperventilation must be avoided

• Prostaglandin E1: initial dosage 50–100 ng/kg/min

• Avoid administering oxygen (additionally reduces pulmonary resistance and thus sys-
temic perfusion), target saturation 70–85%

• Administer some furosemide (1–2 mg/kg) to lower preload or for pulmonary edema

• Catecholamine treatment is often required, but should be administered with restraint (can 
increase the myocardial oxygen consumption), give milrinoneor dobutamine if needed, do 
not use dopamine

• Possibly reduce afterload (e.g., sodium nitroprusside)

• For severe acidosis, large amounts of NaBic are often required to manage acidosis (doses 
up to 10 ml/kgbw of NaBic are common!)

• Aim for moderate metabolic acidosis (target pH 7.35, avoid over-buffering)

• As little volume as possible should be administered; preferably only after cardiac function 
has recovered or is assessed to be stable in echocardiography

1.6.1.4.3. Further procedure

If the atrial defect is restrictive (leading symptom: severe cyanosis, oxygen saturation <65%, 
seriously ill child), pulmonary congestion has developed and an emergency balloon atrial 
septostomy (Rashkind maneuver) may be needed.
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The patient should be transferred quickly to a pediatric cardiac center for surgery after sta-
bilization (usually a Norwood procedure as the first step of three-stage Fontan palliation).

1.6.2. Right ventricle outflow tract obstruction lesion (critical pulmonary stenosis and pulmonary 
atresia with intact ventricular septum or ventricular septal defect, tetralogy of fallot, tricuspid atresia 
with pulmonary stenosis and Ebstein anomaly)

The initial treatment of this group of patients has some common features:

• Prostaglandin E1 infusion: initial dosage 50–100 ng/kg/min

• Initially more generous oxygen therapy (lowers pulmonary resistance)

• Initially more generous volume therapy (i.e., 20 ml/kg bw)

• Try to achieve mild metabolic alkalosis (use over-buffering) (pH 7.45–7.5)

• Possibly ventilation and mild hyperventilation (pCO2 around 35 mmHg)

• Possibly use an increase in systemic resistance (noradrenaline)

1.6.2.1. Critical pulmonary stenosis

1.6.2.1.1. Hemodynamic situation

A critical pulmonary stenosis is a high-grade obstruction of the pulmonary valve with sub-
sequent hypoxemia. As the right ventricle cannot drain into the pulmonary circulation, 
secondary hypoxia occurs due to a right-to-left shunt across the foramen ovale/ASD. The 
musculature of the RV is severely hypertrophic and the RV and tricuspid valve may some-
times be hypoplastic. To ensure oxygenation, the pulmonary circulation is supplied with 
blood from the aorta via the PDA.

1.6.2.1.2. Further procedure

After diagnosis and prostaglandin infusion organize transfer to a pediatric cardiac center for 
interventional catheter balloon valvuloplasty.

1.6.2.2. Pulmonary atresia with intact ventricular septum

1.6.2.2.1. Hemodynamic situation

In pulmonary atresia with intact ventricular septum, which can be judged as extreme form of 
pulmonary stenosis, the right ventricle cannot drain its blood normally to the PA. The major-
ity of blood from the right ventricle either flows back into the right atrium due to tricuspid 
regurgitation. In addition in some cases, the right ventricle may be connected with the coro-
nary arteries via myocardial sinusoids. In the latter case, the coronary arteries may have other 
problems and are stenotic so that coronary perfusion may depend on blood flow from the 
right ventricle (right ventricular dependent coronary circulation (RVDCC). Usually there is 
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suprasystemic pressure in the right ventricle and the right ventricle is hypoplastictic various 
degrees. Again, the pulmonary circulation is supplied with blood from the aorta via the PDA 
to ensure oxygenation.

1.6.2.2.2. Further procedure

After stabilization, organize transfer to a pediatric cardiac center. In most cases, cardiac cath-
eterization is needed to rule out myocardial sinusoids and coronary anomalies. In some cases, 
it is possible to open the right ventricular outflow tract by interventional catheterization or 
implant a stent into the PDA. Otherwise interim palliative surgery (opening the right ven-
tricular outflow tract or aortopulmonary shunt) must be performed accordingly.

1.6.2.3. Tricuspid atresia

1.6.2.3.1. Hemodynamic situation

In tricuspid atresia, that may give an example for all univentricular heart defects, there is no 
continuity between the right atrium and ventricle, so the right atrium can drain into the left 
atrium only across a right-to-left shunt at atrial level. There are various forms of tricuspid 
atresia depending on the variations of obstructions of the right ventricular outflow tract or 
pulmonic valve. The RV is usually perfused from the LV across a VSD that is almost always 
present. The RV is hypoplastic to various extents. Oxygen saturation is identical in the aorta 
and pulmonary artery because of the complete mixing of blood.

Frequently stenosis and even atresia of the pulmonary artery occur and may have a negative 
effect on the blood flow to the pulmonary circulation. If there is atresia or a high grade steno-
sis of the pulmonary artery, perfusion of the lungs depends on a patent ductus arteriosus (see 
above). In addition, the great vessels can be in normal position or in transposition.

If there is no pulmonary stenosis and blood flow to the pulmonary circulation is unobstructed, 
the main symptom that may develop later on is heart failure (tachypnea, hepatomegaly, pal-
lor, possible pulmonary edema), but this constellation is much less common.

Initial treatment if there is no pulmonary stenosis (leading symptom: heart failure):

• Anticongestive treatment (diuretics, milrinone, rarely catecholamines)

• Restrictive volume therapy

• Restrictive oxygen therapy

1.6.2.3.2. Further procedure

Transfer to a pediatric cardiac center should be organized. If there is a restrictive atrial shunt 
(rare), an interventional catheter balloon atrial septostomy (Rashkind maneuver) may be 
needed. If there is inadequate pulmonary perfusion, a palliative aortopulmonary shunt is 
placed. The separation of circulations is performed later as multistep procedure (Fontan 
procedure).
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1.6.2.4. Tetralogy of Fallot

1.6.2.4.1. Hemodynamic situation

In tetralogy of Fallot, there is a typical combination of a large VSD with overriding of the aorta, a 
subpulmonary and pulmonary stenosis, often combined with supravalvular stenosis of various 
degrees and a marked hypertrophy of the right ventricle. Cyanosis is determined by the extent 
of the obstruction of the right ventricular outflow tract and thereby pulmonary blood flow. In 
most cases, this obstruction is only mild at birth, but becomes more significant during the first 
few weeks of life due to the increase in the infundibular stenosis. If there is pronounced stenosis 
of the right ventricular outflow tract (functional pulmonary atresia), the children may already 
develop symptoms with cyanosis or hypoxic spells even in the neonatal period. Hypercyanotic 
spells occur if there is a sudden increase in subpulmonary muscular obstruction of the RVOT 
(i.e., agitation) or an acute drop in peripheral vascular resistance (i.e., after feeding).

Treatment of a hypoxic-hypercyanotic spell:

• Immediate sedation (e.g., ketamine IV 2–5 mg/kg, alternatively opiates, benzodiazepines)

• Oxygen therapy

• Increase in systemic resistance by

 – pressing the child’s flexed knee against the chest (“jack-knife position”)

 – if necessary infusion of vasoconstrictors (noradrenaline)

 – generous volume bolus (e.g., 20–50 ml/kg)

• Compensation of metabolic acidosis by buffering

• Possibly beta blockers (e.g., propranolol IV 0.01–0.1 mg/kg very slowly under monitor 
guidance)

1.6.2.4.2. Further procedure

Rapid transfer to a pediatric cardiac center is urgently needed. In most circumstances, inter-
ventional management can improve the hemodynamic situation (i.e., balloon dilatation of the 
pulmonary valve, stenting of the right ventricular outflow tract, stenting of a PDA). Only in 
few cases, early surgical correction is required today. In special situations (e.g., very small chil-
dren), an aortopulmonary shunt is first placed as a palliative measure to ensure lung perfusion.

1.6.2.5. Pulmonary atresia with ventricular septal defect

1.6.2.5.1. Hemodynamic situation

From the hemodynamic aspect, this disease is an extreme form of Tetralogy of Fallot. 
Pulmonary perfusion is, however, dependent on a patent ductus arteriosus (prostaglandin 
infusion) or aortopulmonary collaterals.
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1.6.2.5.2. Further procedure

After stabilization with prostaglandin infusion, a rapid transfer to a pediatric cardiac center 
should be organized. In cases with only membranous valvular atresia, an attempt can be made 
to open the valve by interventional catheterization (or with stent placement). In addition plac-
ing a stent in the PDA may help to achieve catch-up growth of the pulmonary vessels, which 
are almost always hypoplastic. If this intervention is not possible, an aortopulmonary shunt 
is placed as surgical palliation. After catch-up growth of the pulmonary vascular system, a 
continuity between the pulmonary vessels and the right ventricle is created surgically later 
(e.g., with a valved conduit).

1.6.2.6. Ebstein’s anomaly

1.6.2.6.1. Hemodynamic situation

In Ebstein’s anomaly, there is apical displacement of the tricuspid valve into the right ven-
tricle combined with moderate to severe tricuspid regurgitation and reduced flow from the 
small right ventricle to the pulmonary artery. The right atrium is markedly too massively 
dilated. A pronounced Ebstein’s anomaly can already be symptomatic in the neonatal period. 
Cyanosis occurs due to a right-to-left shunt at the atrial level caused by minimal antegrade 
flow to the pulmonary artery. In addition, the gross dilatation of the heart may compress the 
lungs and impair pulmonary function.

The disease may often complicated by accessory pathways (Wolf-Parkinson-White syndrome).

Besides initial treatment stated above, in Ebstein’s anomaly:

• If there is heart failure, possibly catecholamines and diuretics

• If there is supraventricular tachycardia, it should be terminated with a vagal maneuver, 
adenosine, amiodarone, possibly cardioversion

1.6.2.6.2. Further procedure

The goal of surgical treatment is to reconstruct the tricuspid valve and close the ASD. If there 
is insufficient lung perfusion, it may be necessary to place an aortopulmonary shunt. If there 
is pronounced hypoplasia of the right ventricle, the univentricular Fontan pathway may be 
the only option. The overall prognosis is unfavorable for children who become symptomatic 
already in the neonatal period. These children require urgent transfer to a pediatric cardiac 
center.

1.6.3. d-transposition of the great arteries (d-TGA)

1.6.3.1. Hemodynamic situation

In d-TGA, there is parallel connection of the pulmonary and systemic circulations; the 
systemic venous blood is directed back into the aorta and the pulmonary venous blood is 
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pumped back to the pulmonary artery. Survival is only possible if shunts between the two 
circulatory systems do exist. The most important is a patent foramen ovale or ASD as shunt 
at atrial level, so oxygenated blood can reach the systemic circulation via the right ventricle 
across this left-to-right shunt. A PDA has a favorable effect on oxygenation because PDA 
blood flow increases lung perfusion and as a result the volume load and pressure in the left 
atrium is increased, so the left-to-right shunt at atrial level increases and more oxygenated 
blood can reach the systemic circulation [10].

Oxygen application may act indirectly by reducing pulmonary resistance and thus increasing 
pulmonary perfusion and thereby left atrial volume load and pressure (caution: uncontrolled 
administration of oxygen can also lead to closure of the ductus arteriosus when used without 
prostaglandin).

In addition to improve mixing between the two circulations, especially in “poor mixers,” an 
attempt should be made to improve mixed venous saturation.

If there is an associated large VSD, cyanosis is usually less pronounced.

Initial treatment:

• Prostaglandin E1 infusion: initial dosage 50 ng/kg/min

• Generous volume therapy

• Aim for mild metabolic alkalosis (over-buffering) (pH 7.45–7.5, lowers pulmonary 
resistance)

• Oxygen therapy for severe cyanosis in neonates (caution: induces closure of the ductus 
arteriosus)

• If possible avoid intubation, ventilation and relaxation (lowers oxygen consumption and 
therefore increases mixed venous saturation. On the other hand, ventilation increases the 
intrathoracic pressure, which can impair mixing of the blood)

• Consider the improve cardiac output and thus mixed venous saturation by milrinone

• Generous treatment of anemia (improves oxygen supply)

1.6.3.2. Further procedure

If there is a restrictive shunt at the atrial level, a bedside interventional catheter balloon atrial 
septostomy (Rashkind maneuver) should be performed as soon as possible before transfer 
to a pediatric cardiac center. The surgical standard treatment is an arterial switch operation 
(Jatene procedure) within the first 2 weeks of life.

1.6.4. Truncus arteriosus communis

1.6.4.1. Hemodynamic situation

In a truncus arteriosus communis (TAC), only one vessel (common trunk) arises from the 
heart. The systemic and pulmonary circulation and the coronaries are here supplied from this 
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trunk only. A VSD is almost always present. Since the blood follows the path of least resis-
tance and tends to flow into the pulmonary circulation, there is usually excessive pulmonary 
blood flow after the drop in pulmonary resistance between the second and eighth weeks of 
life. In this situation, clinical signs of heart failure are already present in the first weeks of life. 
Due to the significant pulmonary recirculation, there is often only astonishingly mild cyano-
sis, although the trunk vessel contains only mixed blood.

Initial treatment:

• Oxygen lowers pulmonary resistance and thus increases blood flow to the pulmonary cir-
culation, leading to excessive pulmonary blood flow and increasing heart failure—there-
fore, use oxygen restrictively

• Treatment of heart failure: diuretics, possibly catecholamines (dobutamine) or phos-
phodiesterase inhibitor (milrinone), afterload reducer (ACE inhibitor, possibly sodium 
nitroprusside)

• If associated with an interrupted aortic arch: prostaglandin E1 infusion: initial dosage 
50–100 ng/kg/min

1.6.4.2. Further procedure

Organize transfer to a pediatric cardiac center. The definitive correction with a Rastelli pro-
cedure is generally performed within the first weeks of life depending on the clinical signs of 
heart failure.

1.6.5. Total anomalous pulmonary venous connection (TAPVC)

1.6.5.1. Hemodynamic situation

Depending on the location of the anomalous connection of the pulmonary veins, we dis-
tinguish between supracardiac, cardiac, infracardiac and mixed forms. Please note that an 
infracardiac total anomalous pulmonary venous connection is regularly associated with an 
obstruction at the connection site.

In a total anomalous pulmonary venous connection, all pulmonary veins drain into the sys-
temic venous system and oxygenated blood is guided from there into the right atrium. The 
perfusion of the systemic circulation thus depends on a right-to-left shunt at the atrial level 
that is necessary for survival.

In a TAPVC without obstruction of the pulmonary vein, the hemodynamic situation is similar to 
that of a large ASD (volume overload of the right atrium, ventricle and pulmonary circulation).

Initial treatment: 

Total anomalous pulmonary venous connection with obstruction of the pulmonary vein:

• Oxygen therapy

• Intubation and ventilation with a high PEEP (>10 cm H2O) for pulmonary edema
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• Lower PVR: hyperventilation, generous buffering (target pH 7.45–7.5), increase oxygen 
supply, possibly inhaled NO or prostacyclin IV

• Diuretics, possibly catecholamines for low cardiac output (caution: catecholamines can 
exacerbate pulmonary edema)

1.6.5.2. Further procedure

A TAPVC with obstruction of the pulmonary vein is an absolute cardiac surgery emergency 
that must be surgically corrected immediately. Dilatation with or without stent implantation 
can treat the stenosis of the pulmonary vein in individual cases, so that the surgical repair can 
be performed after the child is stabilized.

If there is a restrictive atrial shunt or if surgical correction is not possible immediately, 
an interventional catheter balloon atrial septostomy (Rashkind maneuver) may be 
considered.

1.6.6. Complete atrioventricular septal defect

1.6.6.1. Hemodynamic situation

In a complete atrioventricular septal defect (AVSD, AV canal), both segments of the ven-
tricular and atrial septum in the region of the AV valves are absent and the development 
of the AV valves is also impaired. This malformation results in a large left-to-right shunt 
that increases when the pulmonary resistance drops within the first weeks of life. Children 
with a complete AVSD usually develop heart failure when the pulmonary resistance drops 
after 2–8 weeks of life. The situation can be complicated by (mainly systemic) AV valve 
insufficiency.

Initial treatment:

• Avoid oxygen (excessive pulmonary blood flow is increased)

• Pharmacological treatment of heart failure: diuretics, ACE inhibitors, beta blockers, rarely 
catecholamines (possibly digoxin?)

1.6.6.2. Further procedure

The corrective surgery is generally performed at the age of 4–6 months and it may be neces-
sary earlier if conservative heart failure treatment is unsuccessful.

Note

trisomy 21 is frequently associated with AVSD. All neonates with trisomy 21 must therefore 
have an ECHO examination at an early age.
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2. Postoperative cardiac intensive care therapy

The following remarks apply primarily to those patients that are transferred immediately 
after surgery from the surgical operating room and their early postoperative period in the 
pediatric cardiac intensive care unit (PCICU).

2.1. Basics

One of the main requirements for providing good quality of care in a PCICU is to understand 
that the job of the intensive care physician starts far before the operated child is admitted to 
the PCICU. Detailed information on the case of the child is required in advance before the day 
of admission. The PCICU intensivist must be aware of and understand the hemodynamics of 
the cardiac defect (i.e., check the ECHO, cath data, etc.), possible complicating or concomitant 
diseases, the actual planned surgical repair or procedure and the usually possible periopera-
tive and postoperative complications.

Every intensive care physician should be familiar with the major steps of cardiac surgery 
in general and the specific steps and details of the case to be admitted. These steps include 
the whole process of surgery from opening the thorax and the mediastinum, thereafter arte-
rial and venous cannulation for the cardiopulmonary bypass, initiation of cardiopulmonary 
bypass, cardioplegic arrest and finally, the restoration of cardiac function at the end of the 
operation including decannulation and closure of the thorax.

To obtain this crucial understanding, every intensivist should visit the cardiac theatre on a 
regular basis and observe about 50 surgeries per year. In complex cases, the intensivist should 
work together in the time after decannulation or weaning of the bypass with the anesthetist 
before admission of the patient to the PCICU.

2.2. Preparation of the bed place

The majority of patients will be admitted on a planned and forseable basis. Before the patient 
is transferred to the PCICU, a careful and standardized preparation of the bed/place must be 
completed to avoid unnecessary misunderstanding and streamline the admission process. 
This preparation may vary from unit to unit but generally includes the following:

• Preparation of the ventilation equipment, adjustment of the settings to the estimated 
patient-specific parameters, checking of the ventilation bag and mask, oxygen delivery, 
suction equipment and catheters. In addition, it must be determined by contacting the 
operating theatre or by assessment of the preoperative information whether iNO (nitric 
oxide) ventilation is required and possible with the ventilation equipment

• Medication plan: The prepared medication plan should be tailored to the patients’ age and 
weight and include the medication and calculated dosages for the presumed standardized 
postoperative treatment (i.e., sedation, pain therapy, antibiotics, catecholamines, vasodila-
tors, diuretics, fluid therapy and infusions). The perfusors and flushing solutions should 
be purged and primed before the patient is transferred to the PCICU
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• Monitoring: The bedside monitor is checked beforehand and the patient-specific alarms 
according to reference values for age and disease are set

• Administrative tasks: Unit specific paperwork is prepared and an X-ray order for the first 
postoperative X-ray and laboratory order for the first laboratory tests should be prepared

2.3. Postoperative transfer of the patient to the ICU

In order to understand the physiology of the patient, a detailed handover from the different 
disciplines treating the patient during surgery is necessary. The checklist in Table 2 contains 
some common and useful questions that the intensive care physician should discuss with the 
surgeons, anesthesiologists and cardiac technicians/perfusionists at transfer. The information 
is crucial and may have direct impact on the subsequent PCICU management.

Surgical aspects

- What were the intraoperative findings? Compared to before?

- What surgical technique was performed? Any problems?

- What drainages were placed intraoperatively (e.g., pleural drainage, mediastinal drainage)?

- What is the assessment of postoperative result?

- Was an intraoperative transesophageal echocardiography performed and what were the findings (residual gradient, 
valve insufficiency, residual shunt, myocardial function)?

- Did any intraoperative arrhythmias occur? How were they treated?

- Did any intraoperative bleeding problems occur? How were they treated?

Anesthesiology aspects

- Tube size and brand, cuffed and uncuffed?

- Ventilation settings (FiO2, tidal volume, rate, peak pressure and PEEP)

- Central venous catheter: location of insertion, size

- Arterial access: location, size

- Was an LA or pulmonary artery catheter placed?

- Anesthetics and cardiac medication used (cathecolamines, vasodilators, anti arrhythmics) and their dosages

- Heparinization and current coagulation levels

- Use of blood products (pack red cells, platelet concentrates, fresh frozen plasma)

Cardiopulmonary bypass

- Bypass time

- Aortic cross clamp time

- Cardiac arrest time

- Minimum temperature during bypass

- Was hemofiltration performed at the end of the bypass?

Table 2. Checklist for postoperative transfer.
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2.4. Initial examination after transfer to the ICU

Immediately after the patient is admitted to the ICU, the most important clinical parameters 
must be assessed by the admitting physician and the nurses involved to confirm that the 
patient is in a stable and safe situation:

• Respiration: Is the chest moving? How are thorax/chest movements? Symmetrical lung 
expansion? Adequate expansion? How is the Oxygen saturation? FiO2?

• Circulation: Palpation of peripheral pulses (femoral, brachial), visual check of pressure 
parameters on the monitor (arterial blood pressure, CVP, if inserted pulmonary artery 
pressure or LA pressure) and check of capillary filling time (normal<2–3 s)

• Diuresis: Is the urine bag filled? How much? Is the bladder filled despite urine catheter? 
Does the urine look clear or hemolytic? Does the patient appear edematous (puffy) or 
rather dehydrated?

• Bleeding: Are the drains connected to suction? How much is in the bag and how quick is it 
filling? Are the secretions dark red (venous blood), bright red (arterial blood), yellowish or 
clear (serous), warm (fresh) or cold (older)?

• Neurology: is the patient sedated/anesthetized, what is the status of the pupils, are there 
spontaneous movements and is the patient breathing against the ventilator?

• Body temperature

• Assessment of catheters, lines and cables inserted

During this gross examination to assess the patient’s stability, the patient is connected to the 
bedside monitor system and other equipment. The arterial and central venous accesses are 
connected with the pressure transducers, set to zero and activated again. The patient is also 
connected to the ventilator and the drainages set to suction (in general, the suction pressure is 
set at around 15 cm H2O). In addition, the external pacemaker is checked for proper function.

In parallel, the first blood samples are taken and include an arterial and central venous blood 
gas analysis, an ACT and a survey of different pathology markers to asses organ function. The 
first blood gas analysis including electrolyte status provides information on the ventilation 
situation, the hemodynamic status (lactate, central venous saturation) and electrolyte metabo-
lism (especially potassium). A standard limb ECG is then recorded, a chest X-ray arranged 
and finally, an initial exploratory echocardiography (ECHO) performed as a standard in 
every patient.

2.5. Further postoperative management

2.5.1. Fluid intake

As capillary leak is a normal reaction to bypass and the subsequent inflammatory process 
induces edema of all organs, the amount of free water intake should be limited postopera-
tively. Therefore, fluid intake is ideally reduced to 30–50% of the normal maintenance on the 
first postoperative day and then increased day by day to 75 and finally 100% on the follow-
ing days.
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Patients, however, who underwent cardiac surgery without cardiopulmonary bypass (e.g., 
resection of an aortic coarctation, PDA ligature) do not require any restriction of postopera-
tive fluid intake.

As soon as the children are able to drink, oral fluid intake should not be restricted any more.

2.5.2. Ventilation

The majority of patients are ventilated after cardiac surgery when they arrive in the PCICU. 
Pulmonary function is affected by a large variety of preoperative, intraoperative and postop-
erative factors. Important examples to be considered are listed below:

• Preoperative factors:

 ○ Preexisting excessive pulmonary blood flow (wet lung, congestion)

 ○ Preexisting pulmonary hypertension (left-to-right shunt)

 ○ External compression of the airways, for example, due to vascular rings or prominent 
pulmonary arteries

• Intraoperative factors:

 ○ Atelectasis due to surgical manipulation in the thorax or lack of ventilation during the 
bypass

 ○ Edema development due to the effect of cardiopulmonary bypass and SIRS

 – Trauma of the lung

• Postoperative factors:

 ○ Swollen mucosa (SIRS)

 ○ Atelectasis

 ○ Lung edema as a result of a postoperative increased lung perfusion. Typical examples 
are after a shunt procedure or operative opening of circulation in the lungs in pulmo-
nary atresia or severe stenosis (“reperfusion edema”)

 ○ Impaired respiratory mechanics due to postoperative diaphragmatic paresis

 ○ Pain-related reduction in respiratory capacity (surgery drains)

 ○ Respiratory depression caused by drugs

 ○ Pneumothorax, pleural effusions

 – Bleeding through MAPCAS

2.5.3. Settings of the ventilator

Volume-controlled ventilation is the ventilation of choice in every cardiac patient after cardiac 
surgery. In many ventilators, a setting with a pressure control combination (i.e., PRVC-mode) 
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can be chosen. Hereby markedly, lower rates are usually used (e.g., 20/min for neonates) in 
the sedated patient. The tidal volume is usually set to 10–15 ml/kg. A relatively long inspira-
tion time is usually selected initially. The PEEP is around 5–10 mmHg and an FiO2 value is 
selected at which oxygen saturation of over 95% can be achieved. When the patients waking 
up, the volume controlled mode is combine with a SIMV mode.

In spontaneous breathing patients, the following values can be used as references for the age-
specific respiratory rate:

• Neonates: 40/min

• Infants: 25–30/min

• Toddlers: 25/min

• School-age children: 20/min

• Adolescents: 15/min

Again, in the controlled situation, the rate settings used are much slower.

The following situations are important variants from these initial settings of the ventilator:

• Univentricular heart: In univentricular hearts, the balance between systemic and pulmonary 
circulation is very important to avoid pulmonary overcirculation at the cost of inadequate 
systemic perfusion. At an oxygen saturation of around 75–85%, a nice balance between 
systemic and pulmonary perfusion is achieved (Qp/Qs = 1:1). Therefore, the target oxygen 
saturation in these patients is approximately 80%. Uncritical oxygen administration must 
be avoided.

• Fontan circulation: In these patients, the transpulmonary blood flow is depending com-
pletely on the intrathoracic pressure and pulmonary vascular resistance. Theoretically, 
a high PEEP increases the intrathoracic pressure and thus reduces passive blood across 
the pulmonary vascular system. A lower PEEP level (<5 mmHg) is therefore often recom-
mended for Fontan patients. On the other hand, a higher PEEP also increases the residual 
functional capacity and reduces atelectases, so better lung perfusion can be achieved via 
the Euler–Liljestrand reflex. It has been advocated earlier to ventilate Fontan patients with-
out PEEP—this management strategy is inappropriate and no longer recommended.

• Pulmonary hypertension: Pulmonary vascular resistance is reduced by a low pCO2, a high 
pH and a high FiO2. To use this principle, patients with known or presumed pulmonary 
hypertension (i.e., large VSD, older age, truncus, etc.) should be ventilated using mild 
hyperventilation (Target pCO2: 30–35 mmHg) and with higher than normal FiO2 to achieve 
an oxygen saturation of around 100% and a paO2 of more than 150 mmHg

2.5.4. Infection prophylaxis

Cardiopulmonary bypass reduces the capacity of the immune system to act against bacte-
rial infections and so postoperative antibiotic prophylaxis is always given for children after 
 cardiac surgery. The antibiotics used and the duration of antibiotic treatment are, however, 
subject of some controversy. First or second generation cephalosporins are frequently used, 
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for example, cefazolin 30 mg/kg/dose every 8 hourly. For an uncomplicated  postoperative 
course, many centers carry out antibiotic prophylaxis for 2–3 days (6–9 doses, until the 
drains are out) although hardly any evidence-based data for this procedure are available. For 
patients with an open sternum or peritoneal dialysis or ECMO, no additional management 
is required but prolonged treatment is often used in many centers. Antibiotic prophylaxis is 
then continued for 24 h post-chest closure or ECMO/PD removal.

2.5.5. Sedation

In most centers, a combination of an opiate (morphine, fentanyl) and a benzodiazepine 
(midazolam) is administered intravenously continuously in the initial postoperative period. 
Propofol is often used in older children who are sedated for only a short period. No time (2–3 
days) or dose (3–8 mg/kg/h) limitation applies in these cases. Lactate levels should be checked 
on a routine basis.

2.5.6. Analgesia

Surgery itself and the drains in the body after surgery is painful procedure. To reduce 
postoperative pain, a fixed and standardized combination of non-steroidal analgesics (i.e., 
paracetamol, ibuprofen) and opiates (morphine, fentanyl) is usually used for analgesia for 
the first 2–3 days. Patient-controlled analgesia with a PCA pump is also applicable for older 
children (who can already play a video game).

2.5.7. Kidney function

Kidney function nearly always deteriorates in patients who have undergone cardiac surgery. 
The use of cardiopulmonary bypass leads to renal impairment and intraoperative fluid load-
ing and inflammatory reactions that result in fluid retention. A negative fluid balance is there-
fore targeted postoperatively.

Urine excretion reflects a combination of cardiac function and cardiac output in combination 
with kidney function. In general, a urine excretion of at least 2 ml/kg/h after cardiac surgery 
is a minimum to ensure adequate fluid balance. Patients most often have a combination of 
pre-renal kidney failure (low cardiac output, capillary leak, volume deficit) in combination 
with the direct effects of SIRS on the kidney itself. In addition, a low systemic blood pressure 
and, in case of ascites, a high intra-abdominal pressure leads to a low perfusion pressure in 
the kidneys (aggressive drainage of ascites). Other less common examples of renal kidney 
failure are renal vein thrombosis or iatrogenic kidney damage (aminoglycosides, cyclosporin 
A). Post-renal kidney failure can be caused by obstructions in the region of the efferent uri-
nary tract (e.g., obstruction of the urinary catheter or the urethra) or simply by increased intra 
abdominal pressure caused by capillary leak and ascites.

Suitable diuretics in the postoperative phase are primarily loop diuretics (Furosemide, ethac-
rynic acid). They are administered as a bolus or as a continuous infusion if the response is 
inadequate. The combination with theophylline sometimes enhances the effect. If excretion 
is insufficient or the fluid balance is clearly positive, peritoneal fluid drainage, or peritoneal 
dialysis should be initiated early.
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2.6. Common postoperative problems and complications

Typical postoperative problems and their most common causes are summarized in Table 3.

2.6.1. Low cardiac output syndrome (LCOS)

There is a variety of factors that can result in myocardial dysfunction and subsequent low 
cardiac output postoperatively. Typically, they include an inflammatory reaction to cardio-
pulmonary bypass, myocardial ischemia and inadequate myocardial function as a result of 
the intraoperative clamping of the aorta, intraoperative hypothermia, a reperfusion edema, or 
if a surgical procedure was performed using a ventriculotomy—direct myocardial damage, 
coronary ischemia, inadequate cardioplegia, mechanical alteration, or an infection.

2.6.1.1. Symptoms

Typical clinical signs of low cardiac output are as follows:

• Tachycardia

• Oliguria

Problem Common causes

Blood pressure too high Pain, fear, catecholamines, excessive fluid volume, result of the abrupt drug discontinuation 
(beta blockers, ACE inhibitors);
typical postoperative problem after correction of an aortic coarctation.
Rare causes: cerebral seizures, hypoglycemia (counter regulation)

Blood pressure too low Hypovolemia, low cardiac output: limited myocardial function, pericardial effusion, 
arrhythmia (junctional ectopic tachycardia, AV block), excessive drainage loss, hemorrhage, 
excessive diuresis; vasodilators, anaphylaxis, sepsis, shock, pneumothorax

Central venous pressure 
(CVP) too low

Fluid deficit (excessive drainage losses, hemorrhage, excessive diuresis, volume intake too 
low)

Central venous pressure 
(CVP) too high

Tense/stiff patient (reaction to wake up, insufficient sedation in ventilation patients); 
impaired right ventricle function. In patients with univentricular heart, a high CVP 
suggests poor systemic ventricular or a relevant AV valve regurgitation. Other causes are a 
pericardial tamponade or pneumothorax

Arterial saturation too 
low

Atelectasis, hypoventilation, technical problems with the ventilation device, disconnected/
obstructed tube, pneumothorax, pleural effusion, pneumonia, pulmonary edema, 
pulmonary hemorrhage, secretion, right to left shunt

Arterial saturation too 
high

In patients with univentricular hearts, saturation over 85% suggest an imbalance between 
pulmonary and systemic perfusion: excessive blood flow to the lungs and diminished 
supply to the systemic circulation

Bradycardia Sinus bradycardia, AV block

Tachycardia Narrow QRS complexes: sinus tachycardia, supraventricular tachycardia, JET
Wide QRS complexes: ventricular tachycardia

Increase in lactate Poor systemic perfusion, seizures, gut ischemia

Table 3. Typical postoperative problems and the most common causes.
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• Delayed capillary filling time (>3–4 s)

• Hypotension

• Decreased pulse pressure

• Reduced mixed venous saturation (Note: a difference between arterial and mixed venous 
saturation not <20–25% suggests sufficient cardiac output and adequate oxygen supply)

• Metabolic acidosis (BE less than −5)

• High lactate level (>3 mmol/l)

2.6.1.2. Treatment

The treatment of low cardiac output has to focus on the underlying causes which should be 
eliminated if possible. The following measures depending on the hemodynamic situation are 
commonly used as follows:

• Volume substitution (in case of hypovolemia)

• Inotropic support (catecholamines (i.e., adrenaline, dobutamine), phosphodiesterase 
inhibitors, intravenous calcium)

• Afterload reduction (sodium nitroprusside, phosphodiesterase inhibitors)

• Consider hormonal therapy for hypotensive resistance to epinephrine and vasopressors: 
cortisol for suspected adrenal insufficiency, IV or oral triidothyronine (T3) for euthyroid 
sick syndrome (low T3 levels with LCOS symptoms)

• Chronotropic support (pacemaker therapy, positive chronotropic drugs)

• Treatment of arrhythmias (amiodarone)

• Ventilation strategy

• Reduction in oxygen consumption (sedation, cooling)

• Mechanical circulatory support (ECMO, LVAD)

2.6.2. Pulmonary hypertensive crisis

Based on the underlying anatomy and pathophysiology, many patients may have a significant 
elevation of pulmonary pressures or pulmonary vascular resistance before surgery. Typical 
heart defects for this are those with high flow and pressure driven left-to-right shunt defects 
(large VSD, AVSD, Truncus, etc.) and those with unrestricted flow over a long period (i.e., >6 
or 12 months of age). Postoperatively, there may be a rapid and critical increase in pulmo-
nary arterial pressure or pulmonary vascular resistance in certain situations (i.e., agitation, 
external stimulation such as suctioning, pain, etc.). The result of a rapid increase in PVR is a 
standstill of the trans-pulmonary blood flow with secondary congestion in the right atrium 
(high CVP) and ventricle and drop in pressure in the left atrium and ventricle (low CO and 
BP). Ultimately, cardiac output collapses and the coronaries are not perfused. The following 
patients are at a particularly high risk for this type of crisis:
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• Patients with already increased pulmonary vascular resistance preoperatively (primary 
pulmonary hypertension)

• Neonates within the first week of life

• Patients with pulmonary venous hypertension (e.g., within the context of a total anoma-
lous pulmonary venous connection or mitral stenosis)

• Older children with a still uncorrected high flow and pressure shunt defects that led to an 
increase in pulmonary vascular resistance (e.g., complete AV canal, large VSD, truncus)

The following factors may increase pulmonary vascular resistance:

• Hypoxia

• Acidosis (pH <7.3, BE less than −5)

• High partial pressure of carbon dioxide (paCO2 >50)

• Polycythemia

• Atelectasis

• Agitation

The following factors may reduce pulmonary vascular resistance:

• Oxygen administration

• Alkalosis

• Hyperventilation

• NO inhalation (nitric oxide)

• Recruitment of atelectatic lung segments

Prophylaxis of a pulmonary hypertensive crisis is crucial, the acute management as well as 
the prophylaxis of a pulmonary hypertensive crisis includes the following measures:

• Sufficient analgesia and sedation or relaxation for 1–2 days

• Oxygenation (paO2 >150)

• Optimizing the ventilation (adequate PEEP)

• Slightly alkalotic pH level (target pH 7.4–7.5) and mild hyperventilation (paCo2 30–35)

• Pharmacological vasodilators (NO, iloprost, prostacyclin)

• Avoidance of unnecessary manipulations such as too frequent suctioning

2.7. Specific early postoperative problems

Cardiac defects or surgery-specific postoperative problems and complications are summa-
rized in Table 4.
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Cardiac defect/operation Specific early postoperative problems and complications

ASD closure Sinus node dysfunction, left heart failure/pulmonary edema in older children and 
adults

VSD closure Pulmonary hypertensive crisis, complete AV block, JET, residual shunt

AV canal correction Pulmonary hypertensive crisis, complete AV block, JET, AV valve stenosis or 
incompetence

PDA ligation Injury to the recurrent laryngeal nerve (vocal cord paralysis) or the thoracic duct 
(chylothorax), accidental ligation or injury to surrounding vessels (especially left 
pulmonary artery, aorta

Truncus arterious correction Pulmonary hypertensive crisis, truncus valve stenosis or incompetence, right 
ventricular dysfunction

Aortopulmonary window 
(correction)

Pulmonary hypertensive crisis, coronary ischemia

Anomalous pulmonary 
venous connection 
(correction)

Pulmonary hypertensive crisis, atrial arrhythmia, residual stenosis of the pulmonary 
veins or pulmonary vein anastomosis with the left ventricle, high left ventricular filling 
pressure due to the relatively small left atrium and ventricle

Fallot correction Right ventricular diastolic dysfunction (poor compliance of the hypertrophic ventricle), 
JET, complete AV block, residual pulmonary stenosis, residual VSD, pulmonary 
insufficiency after a transannular patch

Pulmonary atresia with intact 
ventricular septum

Right ventricular dysfunction, myocardial ischemia due to right ventricle dependent 
coronary circulation, circular shunting due to creation of an aortopulmonary shunt and 
opening of right ventricular outflow tract

Aortic stenosis correction Residual stenosis, disruption of left ventricular diastolic function, aortic insufficiency, 
AV block

Ross procedure Coronary ischemia

Konno procedure Coronary ischemia, obstruction of the right ventricular outflow tract, arrhythmias (e.g., 
AV block), mitral regurgitation

Subaortic stenosis (resection) Residual stenosis, mitral valve injury, (ventricular) arrhythmia, AV block

Coarctation of the aorta 
(resection)

Residual obstruction, paraplegia, post-coarctectomy syndrome, unmasking an aortic 
valve stenosis, injury to the recurrent laryngeal nerve, chylothorax

Interrupted aortic arch 
(correction)

Residual obstruction, compression of the left main bronchus by the aorta, injury to the 
recurrent laryngeal nerve, chylothorax

Mitral stenosis correction Pulmonary hypertensive crisis, residual stenosis, mitral regurgitation, left ventricular 
dysfunction

Creation of an 
aortopulmonary shunt

Imbalance between systemic and pulmonary perfusion, shunt leak, shunt thrombosis, 
pulmonary edema, coronary ischemia

Pulmonary artery banding Cyanosis, insufficient banding (excessive pulmonary blood flow), Qp-Qs mismatch

Norwood procedure Low cardiac output, imbalance between systemic and pulmonary perfusion, residual 
obstruction of the aortic arch, AV valve insufficiency, SIRS

Superior cavopulmonary 
anastomosis (Glenn, 
Hemifontan)

Cyanosis, hypertension, edema/congestion of the upper half of the body, Chylothorax

Fontan completion Ascites, pleural effusions, edema, cyanosis, low cardiac output, arrhythmias
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2.8. Postoperative features of heart defects with a univentricular heart

The large group of heart defects with a univentricular physiology may pose great challenges 
to postoperative intensive care in the PCICU. These patients include those with a hypoplastic 
left heart syndrome, tricuspid atresia, or a double inlet left ventricle. The most important 
principles in the postoperative treatment of these patients are presented below. As an exam-
ple, the three-stage surgical procedure for patient with a hypoplastic left heart syndrome is 
explained. In general, palliation in a Fontan procedure is made with the goal of achieving 
complete separation of the pulmonary and systemic circulation to eliminate cyanosis. The 
lungs are perfused passively from the vena cavae without any pumping chamber in between. 
The single ventricle supplies only the systemic circulation and thereby has a reduced volume 
load.

The three stages are as follows:

• Norwood procedure or Damus-Kaye-Stansel procedure with a shunt

• Upper cavopulmonary anastomosis (Glenn procedure, “hemi Fontan”)

• Total cavopulmonary anastomosis (Fontan procedure)

2.8.1. Norwood procedure

The Norwood procedure is the first step for patients with a hypoplastic left heart syndrome 
toward separation of the circulatory systems by a Fontan procedure. There are several modi-
fications of this surgical procedure (classical Norwood, Norwood-Sano-procedure). The prin-
cipal goal is to form a neo-aorta from the pulmonary artery and the hypoplastic aorta that can 
supply the systemic circulation with blood without a pressure gradient (i.e., unobstructed 
systemic blood flow). To achieve this, the pulmonary artery and the hypoplastic aorta are 
anastomosed distal to the valves. Additional patch material is usually required for the recon-
struction of the aortic arch and excision of the coarctation. In this manner, a strong vessel for 
systemic perfusion is created. The pulmonary artery is transected shortly before the pulmo-
nary artery bifurcation and in most cases, pulmonary perfusion is ensured via an aortopul-
monary shunt or Sano shunt (placement of a conduit through right ventricular to pulmonary 
artery).

Cardiac defect/operation Specific early postoperative problems and complications

TGA (switch operation) Coronary ischemia, left ventricular dysfunction, neo aortic insufficiency, peripheral 
pulmonary stenosis

TGA (Mustard/Senning atrial 
baffle procedure)

Pulmonary or systemic venous obstruction, atrial arrhythmias

Bland-White-Garland 
syndrome (correction)

Myocardial dysfunction, mitral regurgitation

Table 4. Specific early postoperative problem and complications (modified from Schwartz and Millar 2009 in Roger’s 
Handbook of Pediatric Intensive care).
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To achieve the unobstructed inflow to the heart and outflow from the pulmonary veins, an 
atrial septectomy is also performed. There is a balance between the pulmonary and systemic 
circulatory systems when arterial saturation is between 75 and 85% (Qp/Qs = 1).

Typical problems after a Norwood procedure are low cardiac output, capillary leak caused 
by SIRS and hypoxemia.

2.8.1.1. Low cardiac output

As a typical result of the long bypass time required or even prolonged circulatory arrest, a 
systemic inflammatory response syndrome (SIRS) of various degrees occurs in these neo-
nates. As a consequence, myocardial function is usually markedly impaired so that a cer-
tain and often higher amount of catecholamine support is always needed postoperatively. 
Other possible causes of inadequate systemic perfusion are increased pulmonary perfusion 
at the expense of systemic perfusion (Qp/Qs >1; leading symptoms: arterial saturation>85%, 
tachycardia, hypotension, oliguria, metabolic acidosis). To manage this situation, an attempt 
is made by reducing the afterload of the systemic circulation and increasing pulmonary 
resistance. AV valve insufficiency or arrhythmias can also cause or deteriorate low cardiac 
output.

2.8.1.2. Hypoxemia

Hypoxemia (i.e., saturation <70%) can be the result of an imbalance between pulmonary 
and systemic circulations to the detriment of the pulmonary circulation—for example, in an 
obstruction of the aortopulmonary shunt or increased pulmonary resistance.

Other causes are typical pulmonary problems such as atelectasis, a pleural effusion, edema, 
or pneumonia. Peripheral cyanosis occurs with low cardiac output or increased oxygen con-
sumption (leading symptom: reduced systemic venous saturation).

2.8.2. Superior cavopulmonary anastomosis

The aim of a superior cavopulmonary anastomosis is to allow passive blood flow from the 
upper half of the body into the pulmonary circulation. The superior vena cava is anastomosed 
in an end-to side manor with the pulmonary artery and thereby the systemic venous blood 
from the upper half of the body then flows passively to the lungs without an intermediate 
pumping chamber and is oxygenated there. The systemic venous blood from the lower half 
of the body does not reach the lungs, but is mixed with the pulmonary venous blood in the 
heart and pumped into the systemic circulation. The systemic circulation thus contains mixed 
blood. The saturation of these children is usually about 80–85%.

This step leads to a complete hemodynamic unloading of the univentricular heart as the pul-
monary circulation and systemic circulation are now connected in series. The Qp/Qs ratio is 
then 0.6–0.7; oxygen saturation is 80–85%. In comparison with older children, the head and 
upper limbs in young children are relatively large and therefore, the overall ratio of pulmo-
nary perfusion is still higher in younger children. The percentage of systemic venous blood 
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from the upper half of the body, that reaches the lungs via the cavopulmonary anastomosis 
and is oxygenated there, is correspondingly higher.

Typical postoperative problems are increased pressure in the superior vena cava, hyperten-
sion and hypoxemia.

2.8.2.1. Elevated pressure in the superior vena cava

In a superior cavopulmonary anastomosis, elevated pressure in the superior vena cava sug-
gests an obstruction in the area of the cavopulmonary anastomosis or pulmonary circulation 
or elevated pulmonary vascular resistance.

The difference in pressure between the superior vena cava and atrium (transpulmonary gra-
dient) should be <10 mmHg. A high pressure in the superior vena cava can restrict cere-
bral outflow and lead to marked edema in the upper half of the body (superior vena cava 
syndrome).

After this operation, patients should be positioned with the upper body elevated (about 45°, 
half sitting position). Elevated intrathoracic pressure from mechanical ventilation addition-
ally hinders passive blood flow from the superior vena cava into the pulmonary circulation 
and patients should therefore be quickly extubated.

2.8.2.2. Hypertension

Temporary hypertension during the first few postoperative days is not unusual in these 
patients. The elevation of intracranial pressure that is necessary to maintain adequate cere-
bral perfusion pressure may be one reason. Aggressive lowering of the blood pressure should 
therefore be avoided but normal arterial pressures should be obtained.

2.8.2.3. Hypoxemia

Saturation levels below 75% following a superior cavopulmonary anastomosis can be caused 
by many reasons all resulting in a reduction in pulmonary perfusion. This may be due to an 
obstruction in the area of the anastomosis or pulmonary vessels. Another possible explana-
tion is that blood from the upper half of the body is conducted past the alveoli, for example, 
if there are venovenous collaterals (connections between the systemic and pulmonary veins), 
the azygos vein was not ligated by the surgeon, a left sided superior vena cava has reopened 
or arteriovenous collaterals (connections between the pulmonary arteries and veins) have 
gained importance.

In the early postoperative phase, arterial saturation can often be improved by attempting mild 
hypoventilation. Slightly elevated pCO2 (>50 mmHg) causes vasodilatation of the cerebral 
vessels, so more blood flows to the brain. Since this allows relatively more blood to reach 
the upper half of the body, more blood is conducted through the SVC and into the lungs and 
becomes oxygenated. In addition, the blood can also be slightly alkalized by administering 
sodium bicarbonate (target pH >7.4).
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2.8.3. Total cavopulmonary anastomosis (Fontan procedure)

In a Fontan procedure (total cavopulmonary anastomosis), the pulmonary and systemic cir-
culation are finally completely separated by anastomosing the inferior vena cava also with 
the pulmonary circulation. A tunnel is created that connects the inferior vena cava with the 
pulmonary artery. This tunnel may pass either through the atrium (intracardiac Fontan) or 
alternatively outside the heart (extracardiac tunnel). It should be standard to leave a small 
shunt between the Fontan tunnel and the atrium (i.e., Fontan fenestration) that functions as 
an overflow (right-to-left shunt) if the resistance in the pulmonary circulation is too high 
and not all of the systemic venous blood can enter the pulmonary circulation. This may have 
the disadvantage of mild hypoxemia but the positive effects (improved systemic circulation, 
decompression of the venous side, less ascites, edema, etc.) clearly overweigh the disadvan-
tage of lower saturations.

When the Fontan circulation is completed, all of the systemic venous blood (exception: coro-
nary sinus) flows passively into the pulmonary circulation without passing through a pump-
ing ventricle. The oxygenated blood is then pumped into the systemic circulation by the 
univentricular heart.

Typical postoperative problems are low cardiac output, hypoxemia, effusions, arrhythmias 
and thrombosis.

2.8.3.1. Low cardiac output

In Fontan patients, low cardiac output can often occur due to low preload (hypovolemia), 
increased pulmonary resistance, or an obstruction in the area of the systemic venous outflow 
(tunnel stenosis, anastomosis stenosis). Therefore, higher volume requirements are often nec-
essary in these patients. In addition, poor ventricular function or AV valve insufficiency and 
arrhythmias can also cause low cardiac output.

2.8.3.2. Arrhythmias

As the completion of the Fontan procedure require surgical manipulation at the atrium and 
the area of the sinus node, atrial arrhythmias may occur and sinus node dysfunction is typical. 
A pacemaker (atrial stimulation) sometimes becomes necessary.

2.8.3.3. Hypoxemia

Cyanosis can be the result of a relevant right-to-left shunt across a tunnel fenestration. In 
addition, the usual pulmonary problems (i.e., pleural effusion, atelectasis, pneumonia) can 
also lead to hypoxemia. Reduced pulmonary perfusion, caused by arteriovenous or venove-
nous collaterals can also cause hypoxemia in Fontan patients.

2.8.3.4. Effusions

Pleural effusions and ascites are common immediately after surgery. They can be the result of 
elevated venous pressure and volume load required and may lead to considerable postopera-
tive complications.
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2.8.3.5. Thrombosis

Based on the low flow in the Fontan circuit, these patients are at an increased risk of develop-
ing venous thrombosis. This risk is increased especially if there is low cardiac output. Most 
centers therefore recommend lifelong anticoagulation for Fontan patients. There is, however, 
no uniform opinion with respect to the duration or the form of anticoagulation (vitamin K 
antagonists or platelet aggregation inhibitors). While many different anticoagulation regi-
mens are used in small children (no anticoagulation, aspirin, warfarin), there is a general 
consensus that anti-coagulation is obligatory in patients after puberty.
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Abstract

Caustic ingestion with resultant esophagitis and gastritis is still an important social and 
medical problem due to early and long-term complications. This injury is seen frequently 
as an accidental event and may also lead to psychosocial impacts, including antisocial 
behavior, suicide attempts, criminal incarceration, and educational delinquency. It often 
occurs as a result of uncontrolled and unsafe storage of materials used in household 
cleaning. Despite the various treatment proposals, optimal management of the patients 
remains controversial. The presentation of the depth and extent of injury with endos-
copy plays a key role in treatment planning. In the absence of life-threatening complica-
tions, the general approach is conservative management in the acute period. The most 
common complications are esophageal stricture and gastric outlet obstruction. Different 
treatment methods such as bougienage, stent application, balloon dilation, or esophageal 
replacement are used in the treatment of the caustic esophageal strictures. The decision 
of the least invasive method for the treatment of complications will reduce the potential 
hazardous results.

Keywords: caustic, esophagitis, esophageal stenosis, pyloric stenosis

1. Introduction

Caustic ingestion, which can cause severe morbidity and mortality, is still an important prob-
lem worldwide, especially in developing countries, which have an uncontrolled market sell-
ing cheap cleaning solutions of unknown composition. Despite several educational and public 
health initiatives to prevent caustic ingestion in children, in the United States (US), an esti-
mated 5000–15,000 cases of caustic ingestion (incidence 1.08 per 100,000) occur each year [1]. 
Caustic ingestion also imposes a severe economic burden in terms of medical costs, as children 
with caustic injuries incurred hospital charges greater than $22 million US dollars in 2009. 
It is thought that the total costs exceed these amounts when indirect costs such as parental lost 
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income or lodging for parents during hospitalization of children are factored in. These injuries 
may also lead to psychosocial impacts, including antisocial behavior, suicide attempts, crimi-
nal incarceration, and educational delinquency, as well as domestic problems such as family 
break-up, relocation, or loss of employment. De Jong et al. reported that 50% of children who 
ingested a caustic substance developed behavioral or educational problems [2]. Moreover, 
25% of the families of severely affected children developed domestic problems [2]. Caustic 
injury may occur via accidental ingestion or as a suicide attempt. Caustic injury is usually 
more serious inpatients who attempted suicide as compared with accidental ingestion [3]. 
These cases usually occur in low income and poorly educated families [4]. The age distribu-
tion of caustic injury shows a bimodal pattern [1]. The first peak is seen in children between 
1 and 5 years of age. In this period, injuries always occur due to accidental ingestion. De Jong 
et al. reported caustic injured patients aged as young as 1 month [2]. This usually occurs due 
to incorrect preparation of baby food with a liquid caustic substance accidentally in infancy or 
the neonatal period [2, 5]. The second peak of distribution is seen during and after the pubertal 
period; the majority of the cases are suicide attempts [6]. The type of ingested substances var-
ies by geography. While alkaline ingestion is usually seen in more developed countries, acidic 
ingestion is seen usually in developing countries.

2. Etiology and pathophysiology

Caustic ingestion often occurs as a result of uncontrolled and unsafe storage of materials used 
in household cleaning. The extent and outcome of caustic ingestion depends on the identity of 
the caustic substance, as well as the concentration, the pH, the duration of contact between the 
substance and tissue, and the physical form of the substance. Increased free oxygen radical 
production, which arises due to ischemia and direct injury, leads to excessive tissue damage 
in addition to direct injury from the substance. Increased tissue or blood levels of free oxy-
gen radicals have been demonstrated in different experimental studies [7–9]. Ischemic injury 
occurs during the first 1–4 days, which is defined as the acute necrotic phase. Severe inflam-
mation, necrosis, edema, and hemorrhage are observed during this period. The second period 
is the subacute phase, usually observed between 4 and 15 days of injury. Mucosal sloughing, 
bacterial invasion, mucosal ulcer with fibrin crusts and increased granulation tissue due to 
fibroplasia and increased collagen deposition are the main findings in the second period. 
Because the aforementioned healing tissue is quite fragile, esophageal perforation or compli-
cations of endoscopy may occur during this period. Thus, endoscopy is only recommended 
in the first 24–48 hours or 2 weeks after the injury. The chronic or cicatrization phase begins at 
the end of the second week and may continue for several months.

The majority of reported cases are alkaline ingestions. Alkaline ingestion causes liquefaction 
necrosis, saponification of fats, penetration into the deeper layers, denaturation of proteins, 
emulsification of cellular membranes, and thrombosis of blood vessels [10]. Because of the 
greater viscosity of alkaline substances compared to acidic substances, prolonged contact with 
the substance often occurs in alkaline ingestion. Traditionally, alkaline substances cause tis-
sue damage at pH levels higher than 11.5. It has been reported that a 30% solution of sodium 
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hydroxide is able to induce a full thickness injury in 1 second. Additionally, caustic injury may 
occur with a lower concentration but a longer contact time. Mattos et al. demonstrated that 
the level of macroscopic and microscopic injury mainly depends on the concentration used as 
the aggressiveness of injuries gradually increases. Even a caustic soda solution at a concen-
tration of 1.83% is able to induce epithelial necrosis in 1 hour [11]. However, they concluded 
that solution concentration revealed to be most important determinant in injury. Acidic injury 
causes coagulation necrosis; this results in the formation of an eschar, which limits the depth 
of penetration and injury. Injury related to acidic ingestion usually occurs with substances 
with a pH <2. Because of protective effects of eschar formation and rapid transit to the stom-
ach due to low viscosity, acidic ingestion results in more gastric injury than alkaline ingestion. 
Commonly, gastric injury and complications occur in patients who have ingested an acidic 
substance, while alkaline ingestion is associated with esophageal injury and complications. 
Although Temiz et al. diagnosed severe gastric injury in 40.27% of acid-ingesting patients and 
in 10.71% of alkaline-ingesting patients, there was no difference in the rate of esophageal stric-
ture development between these patients [5]. However, Ciftci et al. reported that the gastric 
outlet obstruction rate is higher with alkaline ingestion than acidic ingestion [12].

Caustic ingestion may also cause airway injury, resulting in laryngeal and lower airway 
edema and respiratory distress [5, 6]. Additionally, fibroblast proliferation occurs as a result 
of caustic injury due to alkaline or acid ingestion, resulting in circular and longitudinal con-
traction in the submucosal and muscular layers. The clinical manifestations are esophageal 
stricture, gastric outlet obstruction, gastroesophageal reflux, and hiatal hernia [10].

3. Clinical presentation

Caustic ingestion is seen frequently as an accidental event in children, especially in low income 
families. It usually occurs between 1 and 3 years of age [2]. The male/female ratio shows a male 
predominance. Clinical presentations of caustic ingestion vary from no injury to fatal compli-
cations. The outcomes and clinical findings depend on the properties of the caustic substance 
such as type, amount, physical form and depth, and extent of injury. Solid substances may 
adhere to the mucosa and be difficult to swallow. Therefore, solid substances commonly cause 
upper level damage, such as upper respiratory, oral cavity, or pharynx injury. Liquid sub-
stances may be swallowed easily. Thus, injury to the lower levels such as the esophagus or the 
stomach occurs more frequently with liquid substances. In the early stage, patients may refer 
with vomiting, excessive salivation, refusal to drink, apparent oral mucosal findings that vary 
from mild hyperemia to severe edema and diffuse fibrin sheets on lips, oral, or oropharyngeal 
mucosa [5, 13, 14]. Respiratory distress, stridor, hoarseness, aphonia, and dyspnea indicate 
respiratory tract injury. Drooling, dysphagia, odynophagia, and chest or abdominal pain usu-
ally observed in severely injured patients. Nausea or hematemesis also may occur. Gaudreault 
et al. reported severe esophageal burns in only 18–33% of patients with specific clinical signs 
and symptoms of caustic injury [13]. They concluded that positive clinical signs or symptoms 
cannot predict esophageal injury. Although they  recommended endoscopic evaluation in 
symptomatic patients, they did not suggest endoscopy for asymptomatic patients, especially 

Caustic Ingestion
http://dx.doi.org/10.5772/67526

129



those with a questionable history [13]. Temiz et al. reported severe esophageal injury in 19.3% 
of patients with no symptoms whereas nearly 60% of their patients with significant physical 
findings had no or mild esophageal injury [5]. Boskovic and Stankovic reported that 6.03% of 
patients with normal clinical findings had severe esophageal injuries, whereas 66.6% of patients 
with positive clinical findings had no or mild esophageal findings [15]. Additionally, severe 
gastric injury was seen in 6.8% of caustic ingestion patients; 1.7% of them had no clinical signs 
whereas 5.1% of them had positive clinical findings. These results show that the sensitivity and 
specificity of clinical findings regarding esophageal injury are 74 and 73%, respectively, with a 
positive predictive value of 0.33 and a negative predictive value of 0.66. They calculated these 
values as sensitivity 75%, specificity 68%, positive predictive value 0.15, and negative predic-
tive value 0.97 for gastric injury [15]. Temiz et al. observed severe gastric injury in 18.5% of all 
caustic ingestion patients; 3.9% of these patients had normal physical findings whereas 14.6% 
of them had positive clinical findings [5]. Fifty percent of patients who developed gastric outlet 
obstruction did not have physical findings [5]. They calculated the sensitivity and specificity of 
clinical findings regarding severe esophageal injury as 80.6 and 32.8%, respectively. Also, they 
reported the sensitivity and specificity of clinical findings regarding severe gastric injury as 
75.7 and 29%, respectively. Severe complications, including severe esophageal or gastric injury 
(especially transmural necrosis or perforation), should be considered in patients with abdomi-
nal/chest pain and hematemesis. More serious and fatal presentations secondary to caustic 
ingestion, such as disseminate intravascular coagulation, tracheoesophageal fistula, brachioce-
phalic fistula, paralyzed vocal cords, and acute pancreatitis have been reported [16, 17].

Button battery ingestion seems to cause the most severe injuries. Button battery tends to 
become lodged at areas of physiological narrowing in the gastrointestinal tract, such as 
the pharyngoesophageal junction, gastroesophageal junction, pylorus, ligament of Treitz, 
Meckel diverticulum or ileocecal valve (Figure 1a  and b). Larger batteries usually tend to be 
affixed in the esophagus, whereas smaller batteries pass into the stomach and intestine [18]. 
Especially, button batteries with a diameter of 20 mm or larger can become lodged in the 
esophagus in children [19]. The complications associated with button battery ingestion are 
the result of a combination of four mechanisms, including leakage of the alkaline substance, 
absorption of the toxic substance, and necrosis secondary to either direct pressure from 
the battery or electrical discharge [18]. Votteler et al. demonstrated that mucosal necrosis 
occurred within 1 hour and ulceration within 2 hours of battery placement in an experimental 
study [20]. Litovitz et al. reported that batteries become lodged within 4 hours of ingestion, 
and esophageal perforation occurs 6 hours after ingestion [21]. These results are related to the 
site at which the battery is lodged, the contact time and the possibility of heavy metal absorp-
tion [18, 20, 22]. The complications of esophageal impactions are more severe than those of 
lower gastrointestinal impactions. The most dangerous complications, such as esophageal or 
aortic perforation, trachea-esophageal fistula, hemorrhagic shock, severe esophageal bleed-
ing, and vocal cord paralysis, have been observed in patients with esophageal button battery 
impactions [19]. Fatal aorto esophageal fistula and perforation of the brachiocephalic artery 
secondary to button battery ingestion have been reported in children [23, 24].

The clinical complaints of late presenting patients are slightly different. Generally, after 3 weeks, 
the patients may admit with dysphagia, vomiting, or respiratory problems [25]. These complaints 
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indicate late complications such as esophageal stricture, gastric outlet obstruction, or gastroesopha-
geal reflux. Late complications especially esophageal strictures or gastric outlet obstructions cause 
dysphagia, insufficient oral intake or vomiting. Malnutrition, growth retardation, feeding intoler-
ance, dehydration or liquid and electrolyte imbalance may develop secondary to these symptoms 
and complications. Obstructive complications usually occur at the level of physiological narrow-
ing of the gastrointestinal tract, especially at three esophageal narrowing and the pylorus.

3.1. Staging

Staging is important to separate severely injured patients from mildly injured or healthy chil-
dren. The classification of patients allows for the identification of patients at risk of developing 
early or late complications. Several different grading systems have been described and sug-
gested in previous studies [26, 27]. The modification of the method of Di Costanzo grading 
system is summarized in Table 1 [5, 28]. All classifications based on endoscopic findings have 
been prepared on the basis of mucosal findings, mucosal involvement, and the depth of injury.

Figure 1. Perforation of Meckel’s diverticulum by button battery (a) and caustic injury of adjacent intestinal segments (b).

Grade Findings

0 Normal

1 Mucosal edema
Hyperemia

2a Hemorrhagic mucosa
Bullous mucosa
Exudates
Fibrinous membranes
Superficial ulceration

2b Circumferential ulceration (addition to the grade 2a)

3 Scattered small necrotic area
Hemorrhagic black or brown mucosa

Table 1. Modify Di Costanzo classification [5, 28].
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Figure 2. Injury of the neck (a) and back (b) resulting from casting onto the skin during caustic ingestion.

Most researchers make modifications to previously described grading systems [3, 28]. The most 
preferred staging systems were Di Costanzo and Zargar grading system or their modifications 
[3, 10, 26–29]. Additionally, Ryu et al. have described a classification according to computed 
tomography findings. Computed tomography has been suggested to be more effective for the 
evaluation of transmural injuries to esophagus and stomach as well as necrosis [30, 31]. In our 
opinion, this type of imaging is advantageous in selected cases, especially in patients with necro-
sis or perforation, although the radiation effects of computed tomography must be considered.

3.2. Complications

The complications that develop secondary to caustic ingestion are divided into early and 
long-term complications. Early complications are usually related to the acute effects of the 
caustic substance, which generally manifest as tissue necrosis. Chemical pneumonitis, atel-
ectasis, aspiration pneumonia, and dysphagia are some of early complications due to the 
acute effects of ingestion [2]. Tracheoesophageal fistula is another early stage complication. 
Poley et al. detected severe systemic complications more frequently among patients who 
ingested acidic substances than those who drank alkaline substances in their report on ado-
lescent and adult patients [28]. They reported renal insufficiently, hepatic dysfunction, dif-
fuse intravascular coagulation, and hemolysis as systemic complications [28]. These authors 
reported 16% overall mortality. They showed a worse death rate with the ingestion of acidic 
substances compared with alkaline substances (14 vs. 2%); 11% of overall mortality was 
related to systemic complications [28]. Early complications may also have catastrophic con-
sequences, and some complications can result in death [23]. Ulceration, edema, gastrointes-
tinal hemorrhage, total loss of the vocal cord, vocal cord paresis, denuded epiglottis, aorta 
esophageal fistula, esophageal perforation, perforation of Meckel’s diverticulum, and per-
foration of the brachiocephalic artery are early stage complications that have been reported 
previously [18, 19, 24, 32–37]. Acute pancreatitis has been reported as an early complication 
secondary to accidental caustic ingestion in a young adult [16]. Skin injuries are seen in some 
cases  (Figure 2a  and b).
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Long-term complications usually develop 3 weeks after the injury. Most commonly, stric-
tures occur due to increased fibrosis in the injured area. The esophagus is the most severely 
affected gastrointestinal segment in most caustic ingestion patients. Therefore, the majority 
of upper gastrointestinal strictures secondary to caustic ingestion develop in the esophagus. 
Esophageal strictures may involve a short segment (usually accepted as shorter than two 
vertebral bodies in length) or a long segment (described as more than two vertebral bodies 
in length), or even the whole esophagus [38, 39] (Figure 3a–d). The rate of esophageal stric-
ture has been reported to be between 2 and 63% in different series [2, 13, 29, 40–42]. Baskin 
et al. reported that 4.7% of grade-2a injured patients and 26% of grade 2b injured patients 

Figure 3. Barium meal studies reveal short segment (a and b) and long segment (c and d) stricture of esophagus in 7 years 
old boy and 15 years old girl respectively.
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Figure 4. Barium meal study reveals pyloric stenosis secondary to the acidic substance ingestion.

develop esophageal strictures [29]. Huang et al. reported that all grade 2 and 3 injured 
patients develop esophageal strictures [40]. Temiz et al. showed an esophageal stricture 
rate of 32.1 and 100%, respectively, in patients with grade 2b and 3 injuries [5]. The second 
most common level of upper gastrointestinal stricture due to caustic ingestion is the pylorus 
(Figure 4). This usually occurs due to accumulation of the ingested substance at the antrum 
or pylorus level. Several studies have reported that the overall incidence of gastric outlet 
obstruction is between 5 and 10% [12, 43–45]. Temiz et al. showed a pyloric obstruction rate 
of 15.7% in patients with severe gastric injury [5]. Gastric outlet obstruction may present 
with gastroesophageal reflux symptoms. The third long-term complication of caustic inges-
tion is gastroesophageal reflux and hiatal hernia (Figure 5). It occurs as a result of esopha-
geal shortening and retraction due to the inflammation and fibrosis that develop secondary 
to the ingestion injury. Progressive inflammation and fibrosis may cause disruption of His’ 
angle and even a hiatal hernia. This clinical presentation may cause growth retardation or 
the inability to eat. Also, gastroesophageal reflux may increase the rate of esophageal stric-
ture and influence the response to the treatment of esophageal stricture.

Esophageal carcinoma is another long-term complication [46–48]. This is usually squamous 
cell carcinoma. Appelqvist and Salmo showed in patients that had ingested lye (the mean 
age of patients at the time of lye ingestion was 6.2) that the mean latent period between 
ingestion and esophageal carcinoma was 41 years [46]. Moreover, 84% of these patients 
had squamous cell carcinoma at the middle part of esophagus. Kochhar et al. reported 
two patients with esophageal carcinoma after acidic agent ingestion [49]. Patients with 
esophageal strictures secondary to caustic ingestion have more than a 1000-fold risk of 

Pediatric and Neonatal Surgery134



Figure 4. Barium meal study reveals pyloric stenosis secondary to the acidic substance ingestion.

develop esophageal strictures [29]. Huang et al. reported that all grade 2 and 3 injured 
patients develop esophageal strictures [40]. Temiz et al. showed an esophageal stricture 
rate of 32.1 and 100%, respectively, in patients with grade 2b and 3 injuries [5]. The second 
most common level of upper gastrointestinal stricture due to caustic ingestion is the pylorus 
(Figure 4). This usually occurs due to accumulation of the ingested substance at the antrum 
or pylorus level. Several studies have reported that the overall incidence of gastric outlet 
obstruction is between 5 and 10% [12, 43–45]. Temiz et al. showed a pyloric obstruction rate 
of 15.7% in patients with severe gastric injury [5]. Gastric outlet obstruction may present 
with gastroesophageal reflux symptoms. The third long-term complication of caustic inges-
tion is gastroesophageal reflux and hiatal hernia (Figure 5). It occurs as a result of esopha-
geal shortening and retraction due to the inflammation and fibrosis that develop secondary 
to the ingestion injury. Progressive inflammation and fibrosis may cause disruption of His’ 
angle and even a hiatal hernia. This clinical presentation may cause growth retardation or 
the inability to eat. Also, gastroesophageal reflux may increase the rate of esophageal stric-
ture and influence the response to the treatment of esophageal stricture.

Esophageal carcinoma is another long-term complication [46–48]. This is usually squamous 
cell carcinoma. Appelqvist and Salmo showed in patients that had ingested lye (the mean 
age of patients at the time of lye ingestion was 6.2) that the mean latent period between 
ingestion and esophageal carcinoma was 41 years [46]. Moreover, 84% of these patients 
had squamous cell carcinoma at the middle part of esophagus. Kochhar et al. reported 
two patients with esophageal carcinoma after acidic agent ingestion [49]. Patients with 
esophageal strictures secondary to caustic ingestion have more than a 1000-fold risk of 

Pediatric and Neonatal Surgery134

developing esophageal carcinoma [49]. Appelqvist et al. reviewed a total of 2414 patients 
with esophageal carcinoma and found that 2.6% of them had a history of caustic injury of 
the esophagus [46].

4. Diagnostic methods

Several techniques and methods, including laboratory tests, radiological studies, scintigra-
phy, and endoscopy, are used to determine the severity and depth of injury.

4.1. Laboratory

White blood cell count, C-reactive protein, plasma creatinine level, aspartate aminotransferase 
(AST), alanine aminotransferase (ALT), and blood gases are usually assessed in serious cases. 
These tests can be used both in diagnosis and in management to define whether the patient 
has developed complications. High white blood cell counts (>20,000 cells/mm3), low arterial 
pH (<7.22), and low base excess (< −12) are considered signs of serious esophageal injury in 
adults [50, 51]. However there is no clinical study that examined the relation of laboratory 
findings and caustic injury level. Laboratory tests are also used for the detection and monitor-
ing of systemic and metabolic complications such as liver damage or renal insufficiency [28].

Figure 5. Gastroesophageal reflux and sliding type of hiatal hernia is presented by contrast study.
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4.2. Endoscopy

Several studies have indicated that clinical signs are not helpful in predicting the degree of 
injury and late complications. However, the necessity for endoscopy has been discussed in the 
literature previously; esophagogastroduodenoscopy is still the most preferred and effective 
diagnostic practice and approach [4, 5, 28, 53] It is based on direct visualization and staging of 
injury according to the grading system previously described. It can be performed using a rigid 
or flexible endoscope. While only the esophagus can be seen by rigid endoscopes, both the 
esophagus and the stomach can be seen with a flexible endoscope. It is recommended within 
the first 24–48 hours after injury. The burned area of the esophagus is weakest between days 
7 and 21 after injury [2]. Due to the high frequency of complications related with  endoscopy, 
such as fistulas, perforation or bleeding, it is not recommended in patients with high grade 
injuries [2]. Moreover, it is usually recommended to stop endoscopy at the first severe cir-
cumferential burn because of the risk of complications [2, 52]. Poley et al. reported that the 
esophagus was the most severely affected segment of the upper gastrointestinal tract in 79% 
of their patients [28]. Injury to the stomach, especially the fundus and body, was relatively 
common. They observed damage to the duodenum only in 6% of their patients [28]. Doğan 
et al. observed gastric injury in 17.1% of patients [53]. Urgancı et al. reported normal or mild 
injury (57%), severe esophagitis (19.1%), erosive gastritis (4.3%), gastric necrosis (0.3%), 
esophagogastritis (3.7%), and esophagogastroduodenitis (4%) in their series [4]. Temiz et al. 
reported that 18.4% of patients with severe esophageal injury likewise had severe gastric 
injury (Figure 6a–d). Also, 3.4% of their patients had more severe damage to the stomach than 
to the esophagus [5]. They performed complete upper gastrointestinal endoscopy to avoid 
overlooking a gastric injury, even in patients with severe esophageal damage. They reported 
that there were no complications due to late or complete endoscopy, even in severely dam-
aged patients [5]. There are many articles about esophageal endoscopic findings, but there 
are limited studies providing gastric findings after caustic ingestion in children [5, 28]. Poley 
reported that normal findings or mild esophageal injury was found in 40% of patients, while 
this value was 80% in a study by Boskovic [15, 28]. Doğan et al. reported normal or mild injury 
in 47.5% of patients [53]. Temiz et al. reported that 43.2% of their patients had normal or mild 
esophagitis demonstrated by endoscopy, while they all presented with positive clinical find-
ings [5]. In this way, unnecessary hospitalization was prevented by endoscopy [5, 15, 28]. 
Also, endoscopy can be used for planning the treatment of possible complications such as 
early dilation of the esophagus in severely injured patients [5, 54]. Radiologically suspected 
or proven gastrointestinal perforations, severe respiratory injury with distress, poor general 
condition or metabolic imbalance are accepted as contraindications of endoscopy. However, 
endoscopy can be performed under sedation within a short period of time. The rate of com-
plications related to endoscopy is very low. Bleeding, perforation, and mucosal tears are com-
plications of endoscopy. Iqbal et al. reported a 0.06% rate of complications in all endoscopy 
procedures, regardless of the indication [55]. Although Doğan et al. reported that esophageal 
perforation occurred after endoscopy in one patient (0.21%), most of the articles which exam-
ined the results of endoscopy in caustic ingestion patients reported no complications [5, 15, 28, 
53]. Although many articles have emphasized the importance of early endoscopy in planning 
the treatment strategy, some centers do not offer early endoscopic examination, claiming that 
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endoscopic findings do not change treatment strategies [14, 42, 56]. Additionally, the risk of 
general anesthesia and the complications of endoscopy are avoided using these protocols [42]. 
Lamireau et al. reported that the absence of symptoms was always associated with no or mini-
mal lesions in their patients. Therefore, they did not recommend endoscopy in asymptomatic 
patients, especially in developed countries [14]. In the same way, Gupta et al. reported that all 
patients with clinically significant injuries were symptomatic. Also, all asymptomatic patients 
had normal findings on endoscopic examinations [56].

4.3. Scintigraphy

In the last two decades, clinical and experimental studies have been performed assess-
ing the value of scintigraphic evaluation and detection of caustic injury of the esophagus 
[57, 58]. Millar et al. performed a prospective clinical study to assess whether sucralfate 
has an affinity for the chemically injured esophagus and to assess the accuracy of radiola-
beled sucralfate as an indicator of the presence and extent of esophageal injury [57]. They 

Figure 6. Endoscopy demonstrated the severe caustic injury in the esophagus (a) antrum and pylorus (b). Pylorus 
narrowing was observed in the control endoscopy (c). A pint point appearance of pylorus in a patient admitted during 
the past period (d).
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found that technetium-99m scintigraphy is an accurate diagnostic method to assess caus-
tic esophageal injury [57]. Technetium-99m pyrophosphate scintigraphy has been used in 
diagnostic studies on the detection of caustic esophageal injury [58, 59].

In the late period, scintigraphic studies may be used to evaluate esophageal transit time, 
gastric emptying and gastroesophageal reflux, which are common complications [60]. 
Technetium-99m sulfur colloid in milk or formula is often used for gastrointestinal scinti-
graphic  studies [61]. Kochhar et al. performed a study to assess esophageal motor dysfunction 
in patients with corrosive esophageal stricture. They used segmental and total esophagus 
transit time. They found that esophageal transit time is prolonged in one-third of patients 
with corrosive injury-induced esophageal strictures despite adequate esophageal dilatation. 
They also reported that these findings were correlated with the length of the stricture and the 
severity of dysphagia [62].

4.4. Radiology

Several radiological modalities are used to define early and late complications. These stud-
ies vary from simple plain chest or abdominal X-ray to complex contrast studies such as cine 
esophagography or computerized tomography.

4.4.1. Chest X-ray, erect abdominal X-ray

Pneumothorax, pneumomediastinum, or pneumoperitoneum, which are signs of esopha-
geal or gastric perforation, can be observed. These methods are often used in patients with 
hematemesis.

4.4.2. Esophagogastrography

This is useful for the demonstration of early or late complications. Esophageal stenosis, hiatal 
hernia, gastroesophageal reflux, pyloric stenosis, esophageal perforation, gastric perforation 
or tracheoesophageal fistula can be demonstrated with contrast studies. Traditional esopha-
gography may not show pathology in some cases. In these situations, cine esophagography 
may be helpful (Figure 7). In suspected patients, the uses of water-soluble substances, which 
are less irritant than barium, are preferred for the demonstration of esophageal or gastric 
perforation (Figure 8). However, more radiologic details with better images are obtained with 
barium meal studies. Contrast studies are also used to determine the location and length of 
the esophageal stricture (Figure 9a and b).

4.4.3. Ultrasonography (US)

There have been some studies that focused on the utility of endoscopic esophageal or gastric 
miniprobe US to predict of outcomes of caustic injury [63–66]. The basis for this method is to 
evaluate the integrity of the mucosa and deeper muscle layers or to assess gastric wall thick-
ness. Endoscopic ultrasonographic findings are classified as grade-1 when involving only the 
mucosal edema and grade-2 and grade-3 with destruction of the muscular layers. Grades 2 
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Figure 7. Tracheoesophageal fistula was described by cine esophagography.

Figure 8. Contrast meal study revealed esophageal perforation after dilatation session.
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and 3 are associated with the development of future esophageal or gastric strictures [63–66]. 
However, Chiu et al. reported that US does not increase the accuracy of predicting early or 
late complications when used in conjunction with conventional endoscopic observation [66].

4.4.4. Computerized tomography (CT)

CT is usually used to define transmural injury and the extent of necrosis in patients with 
complications such as esophageal or gastric perforations due to caustic ingestion. Ryu et al. 
recently described a grading system to predict late complications after caustic ingestion [30].

5. Treatment

The treatment approach to caustic ingestion can be divided into two stages: acute manage-
ment and the treatment of complications.

5.1. Acute management

The acute management of caustic ingestion is based on the general principles of acute trauma 
life support guidelines. The aim of this approach is the stabilization of vital functions. This 
includes continuity of the airway and respiratory function and controlling the circulation. 
Hemodynamic and respiratory stabilization should be priority aims. Endotracheal intuba-
tion may be necessary in patients with severe airway caustic injury. Intubation can be dif-
ficult in patients with a severely affected airway. Fiber optic laryngoscopy may provide direct 

Figure 9. (a) and (b) Multiple and long segment strictures of esophagus were showed by esophagography.
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 visualization and safe intubation. Thus, the complications that occur secondary to blind 
intubation may be prevented [6, 10]. Oral feeding is discontinued and adequate intravenous 
fluid replacement should be provided [10, 31]. A detailed history and identification and mea-
surement of the pH level of the ingested caustic substance will provide information about 
the severity of the injury. Chest and erect abdominal X-ray should be performed to look for 
pneumomediastinum, pneumothorax, and pneumoperitoneum, which indicate esophageal or 
gastric perforation. pH neutralization is not recommended, because it can increase damage 
by direct effects on the mucosa. This may also cause emesis and vomiting, which may cause 
recurrent injury to the esophagus [10]. Nasogastric decompression is  recommended to pre-
vent vomiting and to provide gastric decompression. However, the benefits have not been 
conclusively shown. It may be used as a stent in severe circumferential injury. The placement 
of nasogastric tubes is recommended under endoscopic visualization to prevent esophageal 
perforation. Oral feeding is still controversial. The authors who believe in the necessity of 
endoscopy recommend feeding after endoscopy if the findings are normal or mild [5, 53]. 
In patients with severe esophagitis, enteral nutrition may be applied via a nasogastric tube. 
However, some authors prefer enteral nutrition without endoscopy for patients who are 
able to swallow their saliva easily [42]. They perform barium contrast esophagography after 
3 weeks. In cases of esophageal or gastric stricture, endoscopy and dilatation are performed 
[42]. Total parenteral nutrition is preferred in patients with severe gastric injury or who are 
intolerant to enteral nutrition with normal gastroscopic findings [5, 42]. Proton pump inhibi-
tors or H2 antagonists are usually recommended to prevent possible gastroesophageal injury 
or stress ulcers [25, 29, 31]. However, the beneficial effects of agents that reduce gastric pH 
levels remain unclear. Broad spectrum antibiotics are preferred by many authors, especially 
in patients with airway injury [5, 6, 25]. However, there is no evidence that antibiotics reduce 
infections of the injured area or the rate of stricture formation. The benefits of corticosteroids 
are still controversial. Two different studies that presented a meta-analysis of the literature 
regarding the use of corticosteroids in caustic injury showed that steroids do not have ben-
eficial effects [67, 68]. Anderson et al. found that there is no benefit from the use of steroids 
in caustic injured patients regarding the rate of stricture formation [69]. However, there are 
also studies presenting the opposite opinion. Mamede et al. found that antibiotics combined 
with corticosteroids reduced the incidence of stenosis [70]. These authors reported infection 
and gastrointestinal bleeding as side effects of corticosteroids, especially in patients who had 
ingested large amounts of a caustic substance. Bautista et al. also reported that dexamethasone 
had better effects than prednisone [71]. Usta et al. investigated the effects of a high dose meth-
ylprednisolone (1 g/1.73 m2) on caustic esophageal burns [72]. They found that the stricture 
development rate and the duration of total parenteral nutrition were statistically significantly 
low in the methylprednisolone group [72]. Boukthir et al. reported that high dose methyl-
prednisolone seems to improve the prognosis and prevent stricture formation in grade-2b 
injured patients [73]. Another situation is the treatment of metabolic complications of caustic 
injury including renal insufficiency, hepatic dysfunction, diffuse intravascular coagulation, 
and hemolysis or acute pancreatitis. Supportive care and medication are important [28]. Blood 
and blood product replacement, hemodialysis and other medications are arranged depending 
on the clinical and laboratory findings of the patient.
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5.2. Treatment of complications

5.2.1. Acute complications

The most severe acute complications are esophageal and gastric perforations. These compli-
cations are diagnosed by regular chest or abdominal X-ray. Esophageal perforation is com-
monly described in adult patients. Aggressive surgical interventions such as esophagectomy 
or esophagostomy are recommended in adults with esophageal perforation [74, 75]. It is 
known that more conservative treatment modalities are preferred in several diseases in chil-
dren. Tube thoracostomy into the pleural space or mediastinum may be performed. However, 
gastric perforation due to caustic ingestion is more often reported than esophageal perfora-
tion in children [76–78]. It is diagnosed by a pneumoperitoneum under the diaphragm and 
requires immediate surgery. Partial or total gastrectomy with roux-n-y gastrojejunostomy or 
esophagojejunostomy or different gastrointestinal reconstruction procedures may required.

5.2.2. Esophageal stricture

Esophageal stricture is most serious complication of caustic ingestion. It usually occurs in 
patients with grade 2a and more severe injury. Various treatment approaches ranging from 
minimally invasive methods such as balloon dilatation to aggressive surgery such as colonic 
transposition have been described.

5.2.2.1. Dilatation

Bougienage has traditionally been used as a first step in the treatment of esophageal stric-
ture. Bougienage can be performed both antegradely by using Savary-Gilliard dilatators over 
a guide wire and retrogradely via gastrostomy. Balloon dilatation has recently become the 
most common and preferred method of dilatation [38, 79–81]. The dilatation force is applied 
equally and radially at the esophageal wall with balloon dilatation; rigid dilatators induce 
axial, radial, and shearing force [80, 82 ]. Balloon dilation can be performed easily with low 
complication rates in experienced hands. Esophageal perforation is the most serious compli-
cation of esophageal balloon dilatation and has been reported to occur in 0.33–45% of balloon 
dilatation sessions in previous studies [38, 80, 83, 84]. Esophageal perforations usually occur 
in patients with delayed treatment or with long segment strictures that have become fibrotic. 
Esophageal perforations that occur secondary to dilatation are almost always treated with 
a conservative approach [38, 76, 79]. Respiratory distress, fever, or severe chest pain could 
cause a perforation after dilatation. Chest X-ray may reveal pneumothorax or pneumome-
diastinum. Treatment with broad spectrum antibiotics and the interruption of feeding are 
the initial treatment steps. Chest tube insertion may be required in respiratory distress or 
in the presence of pleural effusion. However, complication rates can be reduced by using 
a staged dilatation, i.e., gradually increasing the diameter over consecutive sessions to the 
required balloon diameter with experienced hands [38, 79]. It is known as remodeling time; 
stabilization of the esophageal stricture requires between 6 months and 3 years. In light of 
this information, long-term dilatation may be required in severe cases [38, 85]. Gündoğdu 
et al. reported that the success rate of conservative approach was higher in patients younger 
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than 8 years of age, and in strictures due to caustics other than lye involving upper third 
portion and less than 5 cm of length [85]. Repeated hospitalization and general anesthesia 
are accepted as disadvantages of long-term dilatation. Doo et al. reported a 91% technical 
success rate and a 64% clinical success rate [84]. Kim et al. obtained a 100% technical suc-
cess rate and a 46% clinical success rate in their patients [39]. However, Alshammari et al. 
reported a 33% failure rates for balloon dilatation of caustic esophageal strictures [86]. Temiz 
et al. reported the results of long-term dilatation up to 4 years; full recovery occurred with 
long-term dilatation [38]. The author suggested that balloon dilatation is a safe and effec-
tive method and that the dilatation program should be carried out for at least 2 years before 
deciding that dilatation has failed [38]. Tiryaki et al. reported their experience with early pro-
phylactic bougienage methods. They found that the strictures had resolved after 6 months 
of dilatation in patients initially treated prophylactically with early bougienage, whereas 
stricture resolution did not occur for more than 1 year in patients in whom dilatation began 
after stricture development [54]. Uygun et al. evaluated their early and late dilatation results 
in patients with short and long segments caustic esophageal strictures [79]. They reported 
a 100% success rate. Also, they reported that treatment with early balloon dilatation was 
significantly faster and shorter than that in the late dilatation group, and short stricture treat-
ment was also of significantly shorter duration than long stricture treatment [79]. However, 
there are no controlled data to support the use of early dilatation, which could increase the 
risk of perforation [87].

Balloon dilatation is usually performed as one dilatation every 3 weeks for the first 3 months 
with subsequent modifications as required thereafter [88]. However, the patient’s complaints 
and clinical condition are the most influential factor on the frequency of sessions. Temiz et al. 
reported that dilatations were performed weekly initially [38]. Eventually, balloon dilatation 
will be accepted as a safe and effective treatment modality with a low rate of complications 
for caustic esophageal strictures [38, 42, 79, 89].

5.2.2.1.1. Balloon dilatation technique

This operation is performed under general anesthesia. The radiopaque guide wire is intro-
duced fluoroscopically or endoscopically to the stomach. The balloon catheter is pushed over 
the wire and placed in the stricture. Then, the balloon is inflated with radiocontrast solution. 
The balloon is inflated until a flattening of the hourglass deformity of the stricture observed 
for 2–4 minutes [38, 42] (Figure 10a–c). The same procedure is applied at each location for 
multiple or long segment strictures. The first dilatation starts with the smallest balloon even 
4 or 6 mm diameter. The balloon sizes are increased to the appropriate diameter equal to the 
patient’s esophageal diameter, defined by the thumb rule, i.e., the esophageal diameter is 
equal to the diameter of the patient’s own thumb [42, 90].

5.2.2.2. Stenting

Intraluminal esophageal stenting is an option in cases of intractable strictures. It should be men-
tioned that stenting should be continued until complete esophageal healing. Therefore, stenting 
is a long-term treatment strategy. Mutaf reported outcomes with polytetrafluorethylene stents 
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5 mm in diameter or larger [88]. The stent was replaced with a 1 mm larger stent every third 
week, and was left in place for 1 year after a stent diameter of 10 mm was reached. However, 
stent placement is usually applied after dilatation session in different series [91–93]. Using 
this method, a success rate of 68% was reported. Atabek et al. also reported that 72.7% of their 
patients resumed normal feeding after 9–14 months of stenting. So, long-term stenting is an 
effective method to reduce the necessity for major surgical intervention for recalcitrant esoph-
ageal strictures [91]. Foschia et al. reported an 86.6% success rate with dynamic stents. They 
claimed that stenting reduces the necessity of dilatation sessions [92]. Gastroesophageal reflux 
and poor patient compliance are the most commonly encountered causes of stenting failure [88]. 
However, stents can worsen esophagitis by increasing reflux. The migration of stents, sialor-
rhea, retching, esophageal subclavian fistula, stent dislocation and perforation, soft plate injury, 
swallowing difficulties, chest pain, and vomiting are the reported complications [88, 91, 93]. 
Zhang et al. reported complete improvement in all their limited number of patients with self-
expanding stents without serious complications [94]. Recently, self-expandable, biodegradable 
stents have become available and usable for the treatment of esophageal strictures. Stent integ-

Figure 10. (a)–(c) The balloon catheter is pushed over the wire and placed in the stricture. Then, the balloon is inflated 
with radiocontrast solution until a flattening of the hourglass deformity.
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rity and a radial force that continues for 6–8 weeks are seen as the advantages of the approach 
[87]. However, there have been no controlled trials yet on these stents.

5.2.2.3. Topical mitomycin C and steroid treatment

These options are based on their antifibroblastic properties, with a preventive effect on col-
lagen synthesis and chronic scarring [42, 95–97]. El-Asmar et al. performed a double-blinded, 
randomized, placebo-controlled trial on the effects of topical mitomycin C application in 
patients with caustic esophageal strictures [98]. They found that topical mitomycin C appli-
cation statistically significantly reduced the number of dilatation sessions. Mitomycin C is 
usually recommended at a dose of 0.4 mg/ml, which is applied with cotton or a pledget via 
a rigid endoscope [98, 99]. Additionally, submucosal application of triamcinolone acetonide, 
a member of the steroid family, has been used in patients with refractory caustic strictures. 
It can be applied together with endoscopic dilation [42, 97]. In the treatment approach, 2 ml 
(40 mg/ml) of triamcinolone acetonide is injected into quadrant 3 or 4 of the esophageal stric-
ture at intervals of 2 or 3 weeks until full recovery [42].

5.2.2.4. Surgery

It is well established that the child’s own esophagus is the ideal option and the esophagus 
should be preserved without any replacement for native esophagus [100–103]. The ideal organ 
to be used for replacement is expected to deliver food efficiently from the mouth to the intes-
tinal system, to be resistant to stomach acid, grow parallel to the child, preserving cardiac and 
respiratory functions [101, 102]. The indication of esophageal replacement in patients with 
caustic stricture is failure of normal swallowing [100] (Figure 11a and b). Although multiple 
strictures, longer than 5-cm stricture and tortuous strictures, which do not allow to passage 
of the guidewire are the contraindications of esophageal dilatation, it is still controversial 

Figure 11. Complete obstruction of the cervical esophagus prevents oral feeding. Posterior-anterior (a) and lateral  
(b) frame of obstruction.
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[38, 100]. Psychological problems may also occur secondary to prolonged dilatation, which 
required repeated anesthesia are other indications for esophageal replacement [100]. Spitz 
reported that necessity of regular dilatation for 6–12 months following the ingestion consti-
tuted an indication for esophageal replacement in caustic esophageal injury [104]. Gundoğdu 
et al. suggested that difficulty to swallow saliva, total or nearly total obliteration of the lumen 
involving more than 3 cm of an esophagus at admittance, difficulty in swallowing within 
one-month period following the recent dilation after completion of one-year dilation program 
were the main indications of esophageal replacement [105]. Social and psychological prob-
lems due to the lack of normal feeding or swallow, interrupted schooling and domestic family 
problems secondary to prolonged and multiple hospital admissions may be also considered 
other reasons of esophageal substations [102].

Surgical techniques include resection and end-to-end anastomosis, colonic or jejunal inter-
position, reversed gastric tube, or gastric transposition have been described for esophageal 
replacement in patients with resistant strictures [100, 104, 106]. Although the colon is the 
most commonly used intestinal component, progressively increased gastric transposition 
has been reported in recent years. Colonic interposition can be performed in the posterior 
 mediastinum with transhiatal esophagectomy. It can be also done retrosternally by leaving 
the native esophagus.

Various segments of the colon can be used depending on the discretion of the surgeon 
[107, 108]. Ergün et al. used the left colon in 75% of their patients, while Bothereau et al. 
performed right colonic interposition in 87% of their patients [107, 108]. However, the lat-
ter authors reported no statistically significant difference in the complication rates [108]. 
Complications of colonic transposition are also frequently seen. Hamza et al. reported 1% 
mortality due to postoperative respiratory problems or sepsis [100]. Bothereau et al. reported 
4% mortality secondary to complications [108]. Complications are classified under three 
main titles as early, late, and long-term complications. Early complications are defined as 
those occurred within the first month of surgery, while late complications are those occurred 
between 1 month and 1 year after surgery. Complications are described as long-term, while 
occurring more than 1 year after operation [109]. Complications of colonic interposition are 
summarized in Table 2 [100, 107–112]. Cervical anastomotic leakage, adhesive intestinal 
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are the most common complications (Figures 12 and 13a and b). Furthermore, several sug-
gestions have been made to reduce the rate of complications. Ergün et al. reported that the 
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Bothereau et al. showed the upper thoracic inlet enlargement by resection of manubrium 
and tip of left clavicle to reduce the rate of complications in colonic interposition [108]. Also, 
Chirica et al. reported that the absence of thoracic inlet enlargement, delayed reconstruction 
were associated with an increased risk of early and late complications in adults [113].

Gastric transposition is another choice of surgical treatment. The method popularized by 
Spitz et al. which is the largest-scale study, has been increasingly utilized in recent years 
[103]. It is based on the good blood supply of the stomach. The right gastric and gastro-
epiploic vessels are preserved, and the left gastric and left gastroepiploic vessels are ligated. 
After the stomach is fully mobilized and passed transhiatal, posterior mediastinally, fundus 
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Intraoperative complication Pneumothorax

Tracheal injury

Major bleeding

Recurrent laryngeal injury

Early complications Death

Greft necrosis

Respiratory failure

Gstrocolic reflux

Sepsis

Fistula

Cervical anastomotic stricture

Cologastric anastomosis stricture

Dehiscence of colocolic anastomosis

Dehiscence of cologastric anastomosis

Dumping syndrome

Intussusception

Enterocutaneous fistula

Biliary reflux

Late complications Anastomotic stricture

Reflux

Redundancy

Ulceration

Greft hernia into the pleura

Intestinal obstruction

Aspiration pneumonia

Incisional hernia

Postprandial neck bulge

Long-term complication Relux

Dysphagia

Pain

Nocturnal regurgitation

Redundancy

Anastomotic stricture

Ulceration

Scoliosis

Malnutrition

Table 2. Complications of colonic interposition [100, 107–112].
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Figure 12. Coloesophageal stricture in a 14 years old girl underwent colonic interposition.

Figure 13. Colonic redundancy after coloesophagoplasty. Thoracic (a) and abdominal (b) appearance.
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is pulled up from the cervical incision. Anastomosis between the stomach and esophagus 
is performed between the gastric fundus, which is easily mobilized and has a good blood 
supply and the cervical esophagus. Pyloroplasty or pyloromyotomy is carried out with the 
aim of facilitating gastric emptying [101, 102, 104]. Gastric transposition can usually be per-
formed without thoracotomy. Spitz et al. performed thoracotomy in selected patients, due 
to dense fibrous tissues [114]. The most common complications of total gastric transposi-
tion up are the anastomotic leakage, stenosis, swallowing disorders, delayed gastric empty-
ing, and mortality [101, 103, 114, 115]. Anastomotic leakage usually resolves spontaneously, 
while it requires surgical correction in a few cases [114, 115]. Stenosis usually improves with 
a number of dilatation sessions [114, 115]. Spitz reported that 94% of patients with swallowing 
difficulties experienced major swallowing problems before the gastric transposition. Severe 
gastric emptying problem may require converting to the pyloroplasty or Roux-en-Y gastro-
jejunostomy [103]. Spitz found the result of gastric transpositions to be good to excellent in 
terms of absence of swallowing difficulties or other gastrointestinal symptoms in 90% of their 
patients [114]. In another study, Marujo reported excellent and good results in 85 and 15% 
of patients, respectively [115]. In addition, Angotti et al. reported that all patients had gain 
weight and height postoperatively [101]. Davenport et al. also reported the long-term results 
of gastric transposition and showed that gastric transposition allowed satisfactory growth 
and nutrition for the majority of children [116]. The authors also observed respiratory symp-
toms in a number of patients and suggested that respiratory symptoms were related to small 
lung volume, rather than an increased airway resistance. In another study, Tannuri et al. 
compared esophagocoloplasty and gastric transposition in terms of early complications and 
 mortality [117]. The authors reported that minor complications were statistically significantly 
higher in colonic transposition, while the rate of major complications was statistically signifi-
cantly higher in gastric transposition. However, they found no significant difference in the 
mortality rates between the groups. Hence, they recommended esophagocoloplasty based on 
their experiences.

5.2.3. Gastric outlet obstruction

Gastric injury is less encountered than esophageal injury in caustic ingestion. Gastric outlet 
obstruction may develop as early as 3 weeks or as late as 10 weeks [118]. Endoscopy is rec-
ommended to diagnose the gastric injury and to tailor the treatment modality. There are two 
different approaches including minimal invasive technique, endoscopic balloon dilatation of 
the obstruction, and surgical intervention to resolve the obstructions [43, 45, 119, 120].

5.2.3.1. Endoscopic dilatation

On the other hand, there is limited experience on endoscopic treatment of gastric outlet obstruc-
tion secondary to the caustic ingestion in children. Treem et al. reported successful treatment 
outcomes of pyloric obstruction secondary to caustic ingestion with endoscopy-guided balloon 
dilatation before three decades. Nasr et al. also reported two patients who underwent endo-
scopic dilatation; one of them improved only with dilatation. Dehghani et al. reported a patient 
with pyloric stenosis treated with balloon dilatation [118]. The authors achieved normal pyloric 
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canal after four dilatation sessions. In another study, Temiz et al. attempted endoscopic dilatation 
in seven patients with corrosive stricture, and performed successful dilatation in five of them 
[119]. However, symptoms of pyloric obstruction recurred in three patients. Due to the inability 
to pass the guidewire through the pylorus, they were unable to reperform dilatation. Despite 
low successful rates, the authors recommended endoscopic balloon dilatation before a surgical 
intervention.

5.2.3.2. Technique of balloon dilatation

Endoscopy is performed under general anesthesia. After focusing on the pylorus, a radiopaque 
guidewire is inserted through the pylorus under the guidance of endoscopy. A  balloon cath-
eter is passed over the guidewire and through the pylorus. The location of the balloon is 
monitored endoscopically. Then, the balloon is inflated with a radiopaque solution under 
fluoroscopic guidance. Inflation is performed for at least 2 minutes after the expansion of 
hourglass deformity of the obstruction [119] (Figure 14a–c).

5.2.3.3. Surgical options

To date, several surgical techniques including Heicke-Mikulicz pyloroplasty, Finney pyloro-
plasty, Jabulay pyloroplasty, gastrojejunostomy, and Billroth-I procedure have been described 
for the treatment of acquired gastric outlet obstructions [12, 119, 120]. The preference may 
vary depending on the discretion of the surgeon. Ozcan et al. performed retrocolic gastrojeju-
nostomy in all patients, while Ozokutan et al. performed gastroduodenostomy and Billroth-I 
procedure [45, 120]. However, the timing of surgery is of utmost importance for the method 
to be selected. Surgical intervention is recommended at the end of cicatrization period of 
caustic injury [44, 119, 121]. Due to anastomotic stricture, secondary to the progressive inflam-
matory process may develop in early operated patients. Temiz et al. reported anastomotic 
stricture in a case that underwent gastrojejunostomy after 6 weeks of injury. Endoscopic dila-
tation may help to solve this problem [119] (Figure 15a and b). Dumping syndrome is another 
 postoperative clinical condition. Ozcan suggested an anastomosis not exceeding 2 cm to pre-
vent postoperative dumping syndrome [45].

Figure 14. (a)–(c) After placement of guide wire under endoscopic guidance through the pyloric stenosis, a balloon 
catheter is passed over the guidewire and inflated with radiocontrast solution until a flattening of the hourglass deformity.
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5.2.4. Gastroesophageal reflux

Caustic esophageal injury results with narrowed and also shortened esophagus [122]. 
This process alters the lower esophageal sphincter function, which leads to gastroesopha-
geal reflux. As a consequence, reflux can adversely affect the development of stenosis and 
response to treatment of the stenosis. Mutaf et al. recommended that patients with caus-
tic esophageal burn should be screened for gastroesophageal reflux during the treatment 
period [122]. The most preferred surgical procedures for gastroesophageal reflux disease 
include the Nissen, Thal, and BoixOchoa procedures. However, all these procedures have a 
significant recurrence rate in the patients, particularly with a shortened esophagus. In addi-
tion, Collis gastroplasty with partial or complete fundoplication can be used as alternative 
surgical techniques in the treatment of a shortened esophagus (Figure 16a and  b).

Figure 15. Anastomotic stricture was revealed by gstrography (a), after ballon dilatation easy flow from gastrojejunostomy 
is seen (b).

Figure 16. The sliding type of hiatal hernia (a) was ameliorated with Collis gatsroplasty (b).
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