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Abstract 4 

 5 

Neonatal surgery encompasses some of the most technically demanding procedures in all of medicine, 6 
performed on patients whose physiological reserves are extraordinarily limited. This article reviews the 7 
pathophysiology, operative strategies, perioperative considerations, and long-term outcomes associated 8 
with the most critical surgical conditions encountered in the neonatal period, including congenital 9 
diaphragmatic hernia, esophageal atresia with tracheoesophageal fistula, abdominal wall defects, 10 
necrotizing enterocolitis, Hirschsprung disease, intestinal atresias, and anorectal malformations. The 11 
physiological vulnerabilities unique to neonates — including transitional cardiovascular circulation, 12 
thermoregulatory instability, immature coagulation, and pharmacokinetic differences — are discussed 13 
as they pertain to anesthetic and surgical decision-making. Ethical dimensions, including fetal 14 
intervention and end-of-life considerations, are also addressed. 15 
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 21 

Introduction 22 

 23 

Neonatal surgery represents one of the most technically demanding and emotionally charged disciplines 24 
within pediatric medicine. Performed on patients who may weigh less than a kilogram and whose 25 
physiological reserves are extraordinarily limited, these operations require extraordinary precision, 26 
multidisciplinary coordination, and a profound understanding of neonatal physiology (Lally & Engle, 27 
2008). The neonatal period — defined as the first 28 days of life — is a time of dramatic biological 28 
transition, as the newborn adapts from the protected intrauterine environment to extrauterine 29 
existence (Blackburn, 2007). When congenital anomalies or acquired conditions threaten to disrupt this 30 
transition, surgical intervention may become not merely beneficial but immediately life-saving. 31 



 

 

 32 

Over the past several decades, advances in anesthesiology, neonatal intensive care, surgical technique, 33 
imaging technology, and perioperative management have dramatically improved survival rates and long-34 
term outcomes for neonates undergoing major surgery (Moss et al., 2001; Spitz, 2006). Conditions that 35 
were once uniformly fatal — such as esophageal atresia, gastroschisis, and congenital diaphragmatic 36 
hernia — are now routinely corrected with survival rates exceeding 90% in high-resource settings (Spitz, 37 
2006; Arnold et al., 2010). Nevertheless, neonatal surgery remains fraught with unique challenges that 38 
distinguish it from surgery in older pediatric and adult populations (de Blaauw et al., 2011). 39 

 40 

This article examines the most critical surgical procedures performed in neonatal medicine, exploring 41 
the pathophysiology underlying each condition, the operative strategies employed, the perioperative 42 
considerations that govern decision-making, and the long-term outcomes that surgeons and families 43 
must understand. 44 

 45 

--- 46 

 47 

Physiological Considerations in the Neonate 48 

 49 

Before discussing individual procedures, it is essential to appreciate the physiological framework within 50 
which neonatal surgeons operate. The newborn's organ systems are immature and vulnerable in ways 51 
that profoundly influence surgical risk (Bissonnette et al., 2011). 52 

 53 

Cardiovascular physiology in the neonate is characterized by a transitional circulation. The ductus 54 
arteriosus and foramen ovale, which are essential shunts in fetal life, close within hours to days of birth 55 
(Rudolph, 1970). Persistent pulmonary hypertension can maintain fetal circulatory patterns and 56 
precipitate severe hypoxemia. Any surgical stress, hypothermia, or acidosis can trigger pulmonary 57 
vasoconstriction and reverse this transition, creating a life-threatening spiral (Walsh-Sukys et al., 2000). 58 

 59 

Respiratory physiology is equally precarious. The neonatal airway is narrow and highly resistive (Stocks, 60 
1999). Functional residual capacity is low, making atelectasis a constant threat. Neonates are obligate 61 
nasal breathers, and even minor obstruction can cause respiratory distress. The chest wall is highly 62 
compliant, meaning that accessory muscle use during labored breathing results in paradoxical motion 63 
rather than effective ventilation (Papastamelos et al., 1995). 64 

 65 

Thermoregulation poses a major concern in the operating room. The neonate has a high surface-area-66 
to-body-mass ratio and minimal subcutaneous fat, making heat loss rapid (Sessler, 1997). Hypothermia 67 
impairs cardiac function, delays drug metabolism, promotes coagulopathy, and increases oxygen 68 
consumption. Maintaining normothermia through warmed operating rooms, warmed intravenous fluids, 69 



 

 

and warming blankets is a fundamental aspect of neonatal anesthetic management (Bissonnette & 70 
Sessler, 1992). 71 

 72 

Fluid and electrolyte balance is delicate. Neonates have a high total body water content (approximately 73 
75–80% of body weight), with a proportionally larger extracellular fluid compartment (Friis-Hansen, 74 
1961). Insensible losses are significant, particularly in premature infants or those with open abdominal 75 
defects. Hyponatremia, hypernatremia, hypoglycemia, and hypocalcemia are common perioperative 76 
complications that require vigilant monitoring (Moritz & Ayus, 2003). 77 

 78 

Coagulation is incompletely developed at birth, particularly in premature infants. Vitamin K–dependent 79 
clotting factors are reduced, and platelet function may be immature (Andrew et al., 1987). Blood loss 80 
that would be trivial in an adult can be catastrophic in a neonate. 81 

 82 

--- 83 

 84 

1. Surgical Repair of Congenital Diaphragmatic Hernia (CDH) 85 

 86 

Pathophysiology 87 

 88 

Congenital diaphragmatic hernia (CDH) occurs when a defect in the diaphragm allows abdominal organs 89 
— most commonly the intestine, stomach, spleen, and sometimes the liver — to herniate into the 90 
thoracic cavity. The prevalence is approximately 1 in 3,000 live births, and the left-sided Bochdalek 91 
hernia accounts for roughly 85% of cases (Stege et al., 2003). The presence of abdominal viscera in the 92 
chest during critical periods of fetal lung development results in pulmonary hypoplasia and abnormal 93 
pulmonary vascular development, leading to pulmonary hypertension (Keijzer & Puri, 2010). 94 

 95 

The severity of CDH depends on the timing of herniation during fetal development and the degree of 96 
lung compression. Liver herniation is associated with particularly poor prognosis (Lipshutz et al., 1997). 97 
Survival rates range from approximately 70–90% in experienced centers, but long-term morbidity — 98 
including chronic lung disease, gastroesophageal reflux, neurodevelopmental impairment, and 99 
musculoskeletal deformities — remains substantial (Jancelewicz & Langham, 2010). 100 

 101 

Surgical Strategy 102 

 103 

The operative approach to CDH has evolved considerably. Contemporary management emphasizes 104 
delayed repair, allowing time for resuscitation and stabilization, rather than emergency repair at birth 105 



 

 

(Wung et al., 1995). Pulmonary hypertension must be managed with supplemental oxygen, inhaled nitric 106 
oxide, and potentially extracorporeal membrane oxygenation (ECMO) before operative intervention is 107 
undertaken (Neonatal Inhaled Nitric Oxide Study Group, 1997). 108 

 109 

Repair is performed via a subcostal incision or, increasingly, by minimally invasive thoracoscopic or 110 
laparoscopic approaches in hemodynamically stable infants (Silen et al., 2009). The herniated viscera are 111 
reduced from the chest, and the diaphragmatic defect is closed primarily if sufficient tissue is present. 112 
Large defects require the use of prosthetic patch material — Gore-Tex or biologic patches — and carry a 113 
significantly higher risk of recurrence (Mitchell et al., 2008). The ipsilateral lung, though hypoplastic, 114 
expands gradually over weeks to months as pulmonary vascular resistance decreases. 115 

 116 

Postoperative management focuses on continued treatment of pulmonary hypertension, ventilatory 117 
support, and nutritional optimization. The contralateral lung, while more developed, is not entirely 118 
normal and requires careful ventilatory management to avoid barotrauma (Bohn, 2002). 119 

 120 

--- 121 

 122 

2. Esophageal Atresia and Tracheoesophageal Fistula (EA/TEF) 123 

 124 

Pathophysiology 125 

 126 

Esophageal atresia — the congenital interruption of the esophageal lumen — occurs in approximately 1 127 
in 3,500 live births (Shaw-Smith, 2006). In approximately 85% of cases, it is associated with a 128 
tracheoesophageal fistula (TEF), most commonly of the C-type (Gross classification), in which the 129 
proximal esophagus ends in a blind pouch while the distal esophagus communicates with the trachea 130 
(Spitz, 2007). This anatomy results in inability to swallow, risk of aspiration pneumonia, and abdominal 131 
distension from air entering the gastrointestinal tract through the fistula. 132 

 133 

EA/TEF frequently occurs in association with other anomalies, collectively grouped under the VACTERL 134 
acronym (Vertebral, Anal, Cardiac, Tracheo-Esophageal, Renal, Limb defects) (Solomon, 2011). Cardiac 135 
anomalies are present in up to 35% of patients and significantly influence surgical risk stratification using 136 
the Spitz or Waterston classification systems (Spitz et al., 1994). 137 

 138 

Operative Technique 139 

 140 



 

 

Surgery is performed through a right extrapleural thoracotomy, which reduces the risk of mediastinal 141 
contamination if an anastomotic leak occurs (Dingemann & Ure, 2011). The azygous vein is divided to 142 
expose the posterior mediastinum. The fistula is identified, ligated, and divided at its tracheal origin. The 143 
gap between the esophageal pouches is then assessed — in most cases, primary anastomosis is 144 
achievable with acceptable tension. Stay sutures are placed in both esophageal ends, the anastomosis is 145 
completed in a single or double layer, and a transanastomotic feeding tube is positioned (Spitz, 2007). 146 

 147 

In cases of long-gap EA (a gap greater than 3 vertebral bodies), primary anastomosis may not be 148 
technically feasible. Options include delayed primary repair using traction sutures to encourage 149 
esophageal elongation, esophageal replacement using a gastric pull-up, colon interposition, or jejunal 150 
interposition (Foker et al., 1997). These cases are among the most surgically complex in all of neonatal 151 
medicine. 152 

 153 

Postoperative Considerations 154 

 155 

Anastomotic leak and stricture are the most common complications, occurring in 10–15% and up to 40% 156 
of patients, respectively (Dingemann & Ure, 2011). Long-term issues include gastroesophageal reflux, 157 
esophageal dysmotility, tracheomalacia, and recurrent respiratory infections (Chetcuti & Phelan, 1993). 158 
Regular esophageal dilation may be required for years following repair. 159 

 160 

--- 161 

 162 

3. Gastroschisis and Omphalocele 163 

 164 

Pathophysiology and Distinction 165 

 166 

Gastroschisis and omphalocele are both abdominal wall defects that result in evisceration of abdominal 167 
contents, but they differ fundamentally in their etiology, associated anomalies, and management 168 
(Ledbetter, 2006). 169 

 170 

Gastroschisis is a full-thickness defect of the abdominal wall, typically located to the right of an intact 171 
umbilical cord. Bowel herniates without a covering membrane and is exposed to amniotic fluid 172 
throughout gestation, resulting in a characteristic chemical serositis — the bowel is matted, thickened, 173 
edematous, and foreshortened (Langer, 2008). Gastroschisis is rarely associated with chromosomal 174 
anomalies but is frequently complicated by intestinal atresia, occurring in approximately 15% of cases 175 
(Arnold et al., 2010). 176 



 

 

 177 

Omphalocele is a midline defect in which the abdominal contents herniate into the base of the umbilical 178 
cord, covered by a sac composed of amnion, Wharton's jelly, and peritoneum. Omphalocele carries a 179 
significantly higher rate of associated anomalies — including cardiac defects, chromosomal 180 
abnormalities (particularly trisomy 13 and 18), Beckwith-Wiedemann syndrome, and pentalogy of 181 
Cantrell — which substantially affect prognosis (Ledbetter, 2006; Brantberg et al., 2005). 182 

 183 

Surgical Management 184 

 185 

For gastroschisis, immediate management at birth involves covering exposed bowel with warm, moist 186 
dressings and a sterile bowel bag to reduce fluid and heat loss. The bowel is then reduced into the 187 
abdominal cavity and the defect closed — either primarily at the bedside using a spring-loaded silo 188 
followed by gradual reduction over days, or through immediate primary fascial closure in the operating 189 
room when the abdominal domain is adequate (Langer, 2008). Postoperatively, enteral feeding is often 190 
delayed for weeks as bowel motility recovers from the serositis (Charlesworth et al., 2007). 191 

 192 

For omphalocele, management depends on the size of the defect and the nature of the sac. Small 193 
defects with an intact sac may be closed primarily. Giant omphaloceles — in which the liver is often 194 
contained within the sac and primary closure would create prohibitive intra-abdominal pressure — 195 
require staged repair using prosthetic materials or, in selected cases, conservative "paint and wait" 196 
management using topical antimicrobials to allow skin coverage and delayed fascial repair (Ledbetter, 197 
2006). 198 

 199 

--- 200 

 201 

4. Necrotizing Enterocolitis (NEC) Requiring Surgical Intervention 202 

 203 

Pathophysiology 204 

 205 

Necrotizing enterocolitis (NEC) is the most common gastrointestinal emergency in premature neonates, 206 
affecting approximately 7–10% of infants born before 32 weeks of gestation (Neu & Walker, 2011). The 207 
condition results from a complex interplay of intestinal immaturity, microbial dysbiosis, and 208 
dysregulated inflammatory response, leading to transmural intestinal necrosis, perforation, and sepsis 209 
(Hackam et al., 2013). 210 

 211 



 

 

NEC typically presents between the second and sixth weeks of life in premature infants, though a 212 
distinct form affects term neonates with underlying congenital heart disease or intestinal ischemia 213 
(Ostlie et al., 2003). Clinical presentation includes abdominal distension, feeding intolerance, bloody 214 
stools, and systemic signs of sepsis. Radiographic pneumatosis intestinalis (air within the bowel wall) is 215 
pathognomonic (Bell et al., 1978). 216 

 217 

Indications for Surgery and Operative Approaches 218 

 219 

Medical management — bowel rest, broad-spectrum antibiotics, parenteral nutrition — is the initial 220 
approach. Surgical intervention is indicated when perforation has occurred (evidenced by free air on 221 
abdominal radiograph) or when the clinical trajectory deteriorates despite maximal medical therapy 222 
(Downard et al., 2012). 223 

 224 

Two operative strategies are employed: primary peritoneal drainage (PPD) and exploratory laparotomy. 225 
PPD, performed at the bedside under local anesthesia, involves placement of a drain in the right lower 226 
quadrant and is reserved for hemodynamically unstable infants too sick to tolerate general anesthesia 227 
(Moss et al., 2006). Laparotomy allows direct inspection of the bowel, with resection of all frankly 228 
necrotic segments, exteriorization as stomas, and preservation of as much viable bowel as possible 229 
(Downard et al., 2012). 230 

 231 

The most feared long-term complication is short bowel syndrome, resulting from extensive intestinal 232 
resection. Patients with fewer than 30–40 cm of residual small bowel may require long-term parenteral 233 
nutrition and ultimately intestinal transplantation (Wales et al., 2004). 234 

 235 

--- 236 

 237 

5. Hirschsprung Disease 238 

 239 

Pathophysiology 240 

 241 

Hirschsprung disease results from the failure of neural crest cell migration to the distal bowel during 242 
fetal development, producing an aganglionic segment incapable of normal peristalsis (Amiel et al., 243 
2008). The aganglionic segment remains tonically contracted, causing functional obstruction. The 244 
condition affects approximately 1 in 5,000 live births, with a strong male predominance (Langer, 2004). 245 

 246 



 

 

The length of aganglionic bowel varies considerably: in 75% of cases, only the rectosigmoid is affected 247 
(short-segment disease); in 10–15%, the entire colon is aganglionic (total colonic aganglionosis); and 248 
rarely, the small intestine is involved (Amiel et al., 2008). Hirschsprung disease is associated with Down 249 
syndrome in approximately 10% of cases, as well as RET proto-oncogene mutations (Amiel et al., 2008). 250 

 251 

Operative Correction 252 

 253 

The definitive treatment is a pull-through procedure, in which the aganglionic bowel is resected and 254 
normally ganglionated bowel is brought to the anus. Three principal techniques are employed — the 255 
Swenson, Duhamel, and Soave (endorectal pull-through) operations — all with equivalent long-term 256 
outcomes in experienced hands (Teitelbaum et al., 2000). 257 

 258 

Contemporary practice favors single-stage transanal or laparoscopically assisted pull-through performed 259 
in the neonatal period, avoiding the need for a preliminary colostomy (De la Torre & Langer, 2010). 260 
Intraoperative frozen sections are essential to confirm adequate ganglion cells at the level of the 261 
planned anastomosis (Teitelbaum et al., 2000). 262 

 263 

Long-term outcomes are generally excellent, though complications including obstructive symptoms 264 
(Hirschsprung-associated enterocolitis), soiling, and constipation persist in a subset of patients (Menezes 265 
et al., 2006). 266 

 267 

--- 268 

 269 

6. Intestinal Atresia 270 

 271 

Intestinal atresias — congenital interruptions of the bowel lumen — may affect the duodenum, jejunum, 272 
ileum, or colon. Each has distinct etiologies and surgical considerations (Dalla Vecchia et al., 1998). 273 

 274 

Duodenal atresia (1 in 5,000–10,000 births) results from failure of recanalization of the duodenal lumen 275 
during the eighth to tenth week of gestation (Bailey & Tracy, 2001). It is strongly associated with Down 276 
syndrome (in approximately 30% of cases) and presents with the classic "double bubble" sign on 277 
abdominal radiograph (Dalla Vecchia et al., 1998). Repair consists of duodenoduodenostomy or 278 
duodenojejunostomy, with excellent outcomes (Bailey & Tracy, 2001). 279 

 280 

Jejunoileal atresia (1 in 3,000 births) is caused by an intrauterine vascular accident leading to segmental 281 
bowel necrosis and resorption (Louw & Barnard, 1955). It is classified into Types I–IV based on 282 



 

 

anatomical morphology (Grosfeld et al., 1979). Repair involves resection of the atretic segment and 283 
primary anastomosis, with bowel-lengthening procedures reserved for cases with significant loss of 284 
small bowel length (Goulet et al., 2004). 285 

 286 

--- 287 

 288 

7. Imperforate Anus and Anorectal Malformations 289 

 290 

Anorectal malformations represent a spectrum of anomalies in which the rectum fails to communicate 291 
normally with the perineum. The incidence is approximately 1 in 4,000–5,000 live births (Levitt & Peña, 292 
2007). Classification into "low" (perineal fistula) and "high" (absent perineal opening with rectourethral, 293 
rectovaginal, or rectovesical fistula) determines the operative approach (Peña & Hong, 2000). 294 

 295 

Low lesions can be corrected with a posterior sagittal anoplasty in the neonatal period without 296 
colostomy. High lesions require a three-stage approach: neonatal colostomy, posterior sagittal 297 
anorectoplasty (PSARP) at 1–3 months of age, and subsequent colostomy closure (Peña & Hong, 2000). 298 
Long-term functional outcomes, particularly regarding fecal continence, depend heavily on the level of 299 
the malformation and the integrity of the sacrum and associated nerve supply (Levitt & Peña, 2007). 300 

 301 

--- 302 

 303 

Anesthetic Considerations in Neonatal Surgery 304 

 305 

Anesthesia for neonatal surgery demands specialized expertise. The neonate's pharmacokinetics differ 306 
fundamentally from those of older patients — reduced albumin and alpha-1 acid glycoprotein affect 307 
drug protein binding, immature hepatic and renal function prolongs drug clearance, and the blood-brain 308 
barrier is more permeable (Anderson & Holford, 2008). Volatile anesthetic agents must be used with 309 
caution given neonatal myocardial sensitivity (Friesen & Henry, 1986). 310 

 311 

The question of pain management in neonates was historically neglected — early studies suggested 312 
neonates did not feel pain to the degree older patients do — but this view has been thoroughly 313 
discredited (Anand & Hickey, 1987). Neonates demonstrate robust hormonal, hemodynamic, and 314 
behavioral responses to noxious stimuli, and adequate analgesia is both an ethical imperative and a 315 
physiological necessity to minimize surgical stress responses (Fitzgerald & Walker, 2009). 316 

 317 



 

 

Regional anesthesia techniques — including caudal epidural blocks and wound infiltration — are 318 
increasingly incorporated into multimodal analgesic protocols, reducing the need for systemic opioids 319 
and facilitating earlier return of bowel function and extubation (Walker, 2014). 320 

 321 

--- 322 

 323 

Ethical Dimensions of Neonatal Surgery 324 

 325 

No discussion of neonatal surgical procedures is complete without acknowledgment of the profound 326 
ethical complexities inherent in this field. When a neonate is born with a life-threatening malformation, 327 
surgical teams, neonatologists, and families must collectively navigate decisions of extraordinary gravity 328 
— often under extreme time pressure and in the context of incomplete prognostic information (Janvier 329 
et al., 2012). 330 

 331 

The principles of beneficence, non-maleficence, autonomy, and justice must all be weighed (Beauchamp 332 
& Childress, 2019). When anomalies are incompatible with long-term survival or are associated with 333 
profound disability, the goals of care must be carefully aligned with family values and cultural context. 334 
Palliative care is an integral part of the neonatal surgical specialty, and surgeons who operate in this 335 
field must be as skilled at delivering difficult prognoses as they are at performing technically demanding 336 
procedures (Carter, 2004). 337 

 338 

Fetal intervention — including fetoscopic tracheal balloon occlusion for CDH and intrauterine 339 
myelomeningocele repair — represents an emerging frontier that adds additional ethical complexity, as 340 
it subjects the mother to procedural risk in the hope of improving outcomes for a fetus who cannot 341 
provide consent (Harrison et al., 2003; Adzick et al., 2011). 342 

 343 

--- 344 

 345 

Conclusion 346 

 347 

Critical surgical procedures in neonatal medicine represent the intersection of biological fragility and 348 
technical sophistication. Conditions such as congenital diaphragmatic hernia, esophageal atresia, 349 
gastroschisis, necrotizing enterocolitis, Hirschsprung disease, and anorectal malformations demand not 350 
only operative mastery but also an integrated understanding of neonatal physiology, anesthesiology, 351 
intensive care medicine, and ethics (Lally & Engle, 2008). 352 

 353 



 

 

Remarkable progress over the past generation has transformed the prognosis for many of these 354 
conditions from near-certain mortality to reliable survival with good quality of life (Spitz, 2006). Yet 355 
challenges remain. Pulmonary hypertension, short bowel syndrome, anastomotic complications, and 356 
long-term neurodevelopmental sequelae continue to burden survivors and their families (Jancelewicz & 357 
Langham, 2010; Neu & Walker, 2011). The development of fetal interventions, minimally invasive 358 
neonatal surgery, and enhanced perioperative protocols offers the promise of continued improvement 359 
(Adzick et al., 2011; Harrison et al., 2003). 360 

 361 

Ultimately, the practice of neonatal surgery is a partnership — between surgeon and anesthesiologist, 362 
between neonatologist and intensivist, between medical team and family. It is a discipline defined by its 363 
commitment to the most vulnerable patients in medicine and by the recognition that even the smallest 364 
life deserves the highest standard of care. 365 

 366 

--- 367 

 368 
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