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Stem Case and Key Questions Content 
A 2 month-old male infant presents as an outpatient for repair of a right inguinal hernia and a 
circumcision. He was born at 27 weeks (weight 900 grams) by caesarian section for severe maternal 
pre-eclampsia and required intubation and ventilation for 2 weeks. He developed respiratory distress 
syndrome (RDS), bronchopulmonary dysplasia (BPD) and apnea and bradycardia of prematurity (A's 
and B's). Other problems included Grade 1 intraventricular hemorrhage (IVH), a patent ductus 
arteriosus (PDA) which closed after medical treatment and moderate retinopathy of prematurity 
(ROP). He was discharged home at 33 weeks post-conceptual age on nasal cannula O2 and a home 
apnea monitor and was briefly hospitalized for emesis and hypoglycemia one week prior to this 
admission. Hematocrit at that time was 29. He is currently on 0.25 L/min nasal cannula O2, caffeine 
and ferrous sulfate. On examination in pre-op holding the infant appears alert and vigorous, weight is 
2.2 kg, heart rate 143, respiratory rate 40 and an oxygen saturation of 95%. Breath sounds are coarse 
bilaterally to auscultation. 
 
What anesthetic challenges are posed by the former-premature infant? What anesthetic options exist 
for inguinal hernia repair? 
 
The mother states that while in the neonatal intensive care unit, the infant had a difficult time being 
extubated. She expresses concern that an endotracheal tube and ventilator will be used during this 
procedure. 
 
Does regional anesthesia offer advantages over general anesthesia in the premature infant? Is a 
spinal anesthetic the only regional option? 
 
Your preference is to do a spinal anesthetic and you communicate this to the new pediatric surgeon 
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who will be doing the case. She states that she prefers to do the hernia repair with laparoscopy and 
that this would necessitate general anesthesia. 
 
Why do some pediatric surgeons prefer laparoscopic hernia repair in infants? What are the 
advantages and disadvantages compared to open repair? What intra-operative physiologic changes 
does laparoscopy present for the premature infant? Are the anesthetic options for laparoscopy limited 
to general anesthesia? What parameters can be altered during laparoscopy to make a regional 
anesthetic possible? 
 
You continue to discuss the case with the pediatric surgeon and explain why you think a spinal 
anesthetic would be in the best interests of the infant. Although she is more comfortable with a 
laparoscopic repair, she is swayed by your arguments and (grudgingly) agrees to do an open repair 
instead. You therefore proceed, after obtaining anesthesia consent, with a spinal anesthetic. 
What local anesthetics options are there for spinal anesthesia? How should the infant be positioned? 
Which interspace should be targeted? What anatomic landmarks are helpful? Must an intravenous 
line be started before the spinal block? What physiologic alterations would you expect to see after a 
spinal in a premature infant that are distinct from an adult? Why do these occur? 
 
After first placing a 26 gauge IV, a spinal block is successfully performed using 1 mg/kg of 0.5% 
isobaric bupivacaine at L4-5. Three minutes later, with the infant now in the supine position, the O2 
saturation drops into the 80’s and the heart rate drops from the 140’s to the 90’s. 
What might be happening? How do you respond? 
 
The surgery is now underway and the infant has a good block and is sleeping. Occasionally he 
awakens and cries when his pacifier slips out of his mouth. 
 
Is intravenous sedation a good adjunct for the premature infant under spinal anesthesia? How does 
the issue of neurotoxicity play a role in your choice of sedative agent? If you decide to sedate the 
infant, which medications would you choose and why? What other options are there to keep an infant 
calm during surgery? 
 
Two hours have passed since the placement of the spinal and the surgeon is struggling. She calls for 
a senior surgical colleague who scrubs into the case and assists. You are concerned that time is 
running out on your block. The infant seems to be more restless. 
 
What are your options in the face of a surgical procedure that is unexpectedly long and will outlast 
your block? 
 
After discussing the situation with you, the surgeon decides to limit the operation to the repair of the 
right inguinal hernia only and schedule the circumcision for a later time. 
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When is it safe to discharge a premature infant home following elective day-surgery? 
 
 
Model Discussion Content 
Anesthetic Considerations in the Premature Infant 
The premature infant presents numerous challenging anesthesia issues. Primary among them are 
pulmonary issues. Because of surfactant deficiency, premature infants develop neonatal respiratory 
distress syndrome (RDS i.e., hyaline membrane disease) which manifests as respiratory failure 
shortly after birth. In contrast, bronchopulmonary dysplasia (BPD) is a chronic and destructive form of 
lung disease that results from oxygen exposure and barotrauma from mechanical ventilation. It may 
take months or years for the infant lung to remodel and undo the parenchymal destruction from BPD. 
It is therefore not uncommon for the premature infant to require supplemental oxygen upon discharge 
from the NICU. Infants with severe forms of BPD may experience pulmonary hypertension, pulmonary 
fluid retention and bronchospasm. Complications from administering a general anesthetic to an infant 
with BPD are not dissimilar to that of an adult with COPD. Bronchospasm and desaturation should be 
anticipated as should the possible need for post-operative ventilation. Intubation may lead to episodes 
of marked desaturation and concomitant bradycardia as the risk of bronchospasm is added to the 
known tendency for all infants to desaturate quickly following apnea due to their increased oxygen 
utilization. Intra-operatively, oxygen saturations are best maintained in the mid-90’s (to protect both 
the lungs and the eyes) while ETCO2 is permitted to rise into the mid 40’s. A small percentage of 
infants may need mechanical ventilation in the post-operative period. 
 
Post-operative apnea and bradycardia (A’s and B’s) are another important anesthetic challenge. 
Apnea in these infants is defined as a cessation of breathing for greater than 20 seconds (some say 
15 seconds) and is classified as either central or obstructive. Central apnea is due to the immaturity 
and decreased responsiveness of the respiratory regulatory centers in the infant brainstem which may 
be exacerbated by a concomitant disease process such as sepsis or anemia. Obstructive apnea is 
seen with actual obstruction to airflow in the presence of adequate respiratory efforts. Some infants 
have components of both and are diagnosed as having mixed apnea. Apnea in premature infants 
frequently results in hypoxemia and then bradycardia because during times of stress, 
parasympathetic stimulation of the premature heart predominates over sympathetic stimulation. 
Practically all general anesthetics and sedatives can make apnea worse in a premature infant, or 
result in its reappearance or even induce it for the first time. Following a general anesthetic, the risk of 
apnea is dependent on the infant’s post-conceptual age (PCA) which is the gestational age added to 
the actual age after birth. The lower the PCA, the greater is the risk for post-operative apnea. The 
degree to which the infant is anemic also increases the risk of apnea. Several studies in the literature 
have addressed the issue of PCA and safe discharge following a general anesthetic with 
recommendations varying between 45 and 60 weeks (1-3). Infants with a PCA less than an 
institution’s predetermined threshold should be admitted for monitoring. 
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Other anesthetic issues in the premature infant include the prevention of hypothermia, the 
administration of glucose containing IV fluids to prevent hypoglycemia, the presence of a patent 
ductus arteriosus (PDA) or other cardiac anomaly, documentation of retinal maturity (and the 
modulation of oxygen administration if immature), the severity of anemia if present, and an 
appreciation of decreased hepatic and renal metabolism. 
 
Regional vs General Anesthesia in the Premature Infant and Post-Operative Apnea 
More premature infants are surviving the immediate neonatal period and presenting for elective 
surgery. One of the most common surgeries performed on premature infants is inguinal hernia repair. 
The incidence of inguinal hernias in premature infants depends on the gestational age and weight 
(higher with decreasing age and weight) and is reported to be 17% in infants < 1000 grams (4). 
Herniorrhaphy is generally done early in order to prevent incarceration of bowel contents and 
compromise of gonadal tissue. As previously mentioned exposure to general anesthetics can lead to 
the development or worsening of post-operative apnea and bradycardia in premature infants. In the 
1990’s, several investigators compared general anesthesia to spinal anesthesia in premature infants 
for inguinal hernia repair, looking at the incidence of post-operative apnea. 
 
Welborn, et al. (1990) conducted a study on 36 premature infants requiring surgery for inguinal hernia 
repair. They compared the incidence of apnea in infants receiving general anesthesia with those 
receiving spinal anesthesia. Half of the spinal group was (infamously) pre-treated with IM ketamine. 
Apnea occurred at much higher rates in the general anesthesia and ketamine spinal groups while not 
at all in the unmedicated spinal group (5). Krane, et al. (1995) investigated 18 premature infants 
scheduled for inguinal herniorrhaphy; 9 received a spinal anesthetic and 9 received general 
anesthesia. The spinal group had less oxygen desaturation and bradycardia but no difference in 
apnea (6). Somri, et al. (1998) demonstrated a significant reduction in the rate of apnea and 
bradycardia in infants (40 total) who received a spinal anesthetic compared to a general anesthetic, 
as well as less respiratory support in the spinal group (7). Williams, et al (2001) also found a greater 
incidence of apnea in infants (28 total) exposed to general anesthesia but his data did not achieve 
statistical significance (8). Although it would appear that the case for spinal anesthesia causing less 
apnea and respiratory complications than general anesthesia was evident, Craven, et al. (2003) 
conducted a careful meta-analysis on these four studies (9). Noting the low sample sizes, poor 
randomization, inconsistent definitions of apnea and high failure rates in the spinal groups, they 
concluded, “There is currently no convincing evidence to support the use of spinal anesthesia as part 
of the standard practice in inguinal herniorrhaphy in ex premature infants. There is some evidence 
that spinal anesthesia may reduce post-operative apnea in an infant population not pretreated with 
respiratory depressants.” 
 
Several additional studies have shed light on the question of spinal vs general anesthesia and apnea 
in premature infants. Kim, et al. (2009) reported retrospective data on 133 premature infants 
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undergoing hernia surgery. The incidence of apnea was lower in the spinal (6.3%) than general 
anesthesia group (10%) but did not meet statistical significance (10). Of particular interest was their 
finding that in infants where spinal anesthesia was “unsuccessful” (requiring the supplementation of 
sedatives or conversion to general anesthesia), apnea occurred in 44.4%. This finding (increased 
apnea following an “unsuccessful” spinal) was confirmed in a similar retrospective study by Davidson, 
et al. (2009) who presented data on 127 infants and found that early apneas (< 1 hour post-
operatively) did not occur in their spinal group while late apneas were independent of the type of 
anesthesia (11). 
 
The largest study to look at this issue was reported by Disma, et al. in 2014 as part of the GAS study 
on neurotoxicity in infants (12). 722 infants < 60 weeks PCA were prospectively randomized to receive 
general or awake regional anesthesia. While the primary objective was to assess neurodevelopment 
at 2 and 5 years of age (in progress), the authors looked at the incidence and timing of apneas in 
each group. Compared to general anesthesia, regional anesthesia resulted in a significantly lower 
incidence of early apnea. 
 
The data from these studies seems to suggest that successful spinal anesthesia does confer an 
advantage to the premature population with regard to apnea. An additional benefit is the avoidance of 
post-operative ventilatory assistance. One must anticipate, however, that a percentage of spinal 
attempts will fail entirely and that some spinal blocks will be placed but provide less than ideal 
conditions and will either require sedative medications or conversion to a general anesthetic. Multiple 
studies have shown that when this occurs, the incidence of apnea can be very high. It should also be 
remembered that apnea does occur even with unsupplemented spinal anesthesia since premature 
infants are at risk for apnea at baseline. Shenkman, et al. (2012) reported intra and post-operative 
complications rates of 4.2-10.4% respectively for 144 premature infants receiving spinal anesthesia 
with no sedation. Apnea occurred in 1.4% intra-operatively. Their spinal anesthesia success rate was 
96% (13). 
Caudal anesthesia has also been suggested to confer the same benefit to premature infants and may 
be used as either a primary technique or resorted to in the event of a failed spinal. Several 
investigators have reported their experience with awake or “awake-sedated” caudal blocks as the sole 
anesthetic for premature infants (14-17), concluding that caudals are a good alternative to general 
anesthesia. As with the spinal literature, however, these studies should be interpreted with caution, 
due to small patient sample sizes and the use of sedatives and short periods of general anesthesia 
prior to, during and after caudal placement. Daftary, et al. (2005) used no sedation on 43 premature 
infants (PCA < 60 weeks) for inguinal herniorrhaphy as well as more complex abdominal surgeries 
using a caudal block as the sole anesthetic (18). All caudal blocks were successful within three 
attempts and one infant developed intra-operative apnea requiring intubation. Rather than 
administering sedatives to keep infants calm during surgery, Daftary used “rhythmic patting on the 
head and if this failed⋯a honey dipped pacifier.” Ultrasound is an excellent adjunct for caudal blocks 
to locate the sacral hiatus and confirm intra-sacral spread (19). 
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Laparoscopy in Premature Infants 
The traditional approach to repairing inguinal hernias in infants and children is the “open” 
herniorrhaphy. The defect is identified and closed through an inguinal incision and subsequent 
dissection through the abdominal wall, vas deferens and accompanying vessels. Approximately 15 
years ago laparoscopic hernia repair was introduced into pediatric surgical practice and has grown to 
the point where it is now an accepted alternative to open herniorrhaphy in both older children and 
infants, including premature infants. Some controversy exists within the pediatric surgical community 
as to whether laparoscopic repair is superior to open repair in the premature infant. Numerous 
reviews have recently appeared reporting results on cohorts of premature infants who received 
laparoscopic inguinal hernia repair (20-24). The authors claim that laparoscopic repair is easier than 
open repair, requires less dissection, has similar recurrence and complication rates and may result in 
fewer infections. The major advantage of the laparoscopic approach is that with the laparoscope 
placed through an umbilical incision, the surgeon can diagnose and immediately repair a hernia on 
the contralateral side. Proponents of the open approach claim that laparoscopy is more difficult, more 
costly and essentially converts a subcutaneous procedure into an invasive intra-abdominal one (25). 
Laparoscopy causes physiologic alterations in all patients, including premature infants. Insufflation of 
CO2 creating a pneumoperitoneum increases intra-abdominal pressure (IAP) which has major 
hemodynamic and pulmonary effects (26). Decreased venous return and increased SVR result from 
increases in IAP, which lead to decreased cardiac output. Tachycardia and preserved or elevated 
blood pressure may result from hypercarbia from absorbed CO2. Upon initiating insufflation, vagal-
mediated bradycardia and hypotension have been described, as has circulatory collapse from gas 
embolism. Elevations in IAP result in upward displacement of the diaphragm and decreases in lung 
volumes. Intrapulmonary shunting with decreases in O2 saturation may occur. Peak ventilatory 
pressures are increased, ETCO2 rises and pulmonary compliance decreases. These hemodynamic 
and pulmonary changes are dependent on the degree of insufflation used with low pressures (5-10 
mm Hg) having less of an effect than higher pressures (10-15 mm Hg). Head-down positioning 
(Trendelenburg) adds to the hemodynamic and pulmonary derangements. Despite these physiologic 
consequences, most reviews report low complication rates from laparoscopy in small infants including 
pre-term infants and those with congenital heart lesions (27). 
 
Anesthesia for Laparoscopic Surgery in Premature Infants 
General anesthesia has traditionally been the sole anesthetic option available for laparoscopy in 
pediatric patients. Considerations during a general anesthetic include heat preservation (as premature 
infants are prone to intra-operative hypothermia), adequate IV access with glucose-containing fluids 
(to prevent hypoglycemia), availability or actual pre-treatment with atropine (to avoid vagal-induced 
bradycardia during induction and insufflation of CO2), and avoidance of gastric distension during 
mask ventilation (with subsequent bowel distension). Endotracheal intubation is the most prudent 
choice for airway control. While it is feasible to use an LMA, difficult “seating” of supraglottic devices in 
small infants and the possibility for leakage during positive-pressure ventilation make it less desirable 
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to positive-pressure ventilation via an endotracheal tube. The increased IAP and absorption of CO2 
raises the intra-operative pCO2 necessitating ventilator adjustments to increase minute ventilation. 
This in turn may contribute to hypotension from decreased venous return and cardiac output. 
Nondepolarizing muscle relaxants are frequently used while nitrous oxide, because of its tendency to 
distend loops of bowel, is avoided. 
 
Is general anesthesia the only option for laparoscopy? Until recently the answer to this question for 
infants and children has been “yes.” However, Islam, et al. (2014) published a retrospective analysis 
of 24 infants with pyloric stenosis undergoing laparoscopic pyloromyotomy, where spinal anesthesia 
was successfully completed in 9 out of 12 infants, with the remainder getting general anesthesia (28). 
There were no complications in either group. No differences were noted in induction times, operative 
times, or intra-operative and post-operative heart rates and blood pressures. There was a significant 
reduction in the time to leave the OR following completion of the procedure in the spinal group. The 
authors conclude that spinal anesthesia is feasible for laparoscopic pyloromyotomy and perhaps 
preferable, given the avoidance of potentially neurotoxic anesthetic agents. 
 
These results do not necessarily imply that spinal anesthesia is preferred for laparoscopic hernia 
surgery in premature infants. The patient populations are different as are the surgical procedures. 
Nonetheless the idea is intriguing. This author is aware of one anecdotal case where a spinal 
anesthetic was successfully performed in a premature infant for laparoscopic herniorrhaphy. Low 
insufflation pressures and preparedness to convert to a general anesthetic (as well as good 
communication with the pediatric surgeon) are important if one is to contemplate such an endeavor. 
One possible caveat to this approach is that with spontaneous ventilation, venous embolism may 
theoretically be more likely. 
 
Practical Considerations with Infant Spinals 
Infant spinals have a relatively high failure rate. In order to maximize success there are several steps 
that can be taken when performing this procedure. The most important is numbing the skin over the 
puncture site with either EMLA cream or infiltrating subcutaneously with 1% lidocaine. This should be 
done early, so that the area is insensate and the child calm and motionless when the spinal needle is 
introduced. The infant can be held either sitting up or in the lateral position depending upon personal 
preference. Care should be taken to make sure the infant’s airway is not obstructed. Some prefer to 
have a functional IV in place before the spinal block while others take advantage of insensate lower 
extremities and place an IV after. Safety concerns favor placing the IV first. Blood pressures are 
measured on a leg so the infant is not startled each time the cuff inflates. Arms and legs should be 
gently restrained with a gauze roll and tape. A pacifier and a supply of dextrose or other sweetener 
may promote sucking and calm an anxious infant. 
 
Because the spinal cord ends lower in the infant than the adult (L2-L3 vs T12-L1), spinal puncture 
should be attempted between L4 and S1 to avoid cord injury. Tuffier’s line connects the highest 
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portion of the posterior iliac crests and corresponds to the L4-L5 vertebral level in infants. The 
average distance from the skin to the subarachnoid space increases with age; it is approximately 1 
cm in the premature infant. The relatively large proportion of CSF/body weight in preterm infants (10-
12 ml/kg) accounts for the increased dose required to establish a spinal block (0.75-1.2 mg/kg of 
hyperbaric tetracaine or hyper or isobaric bupivacaine). Rapid CSF turnover limits the duration of the 
block to approximately 1.5 hours. An “epinephrine wash” may prolong a tetracaine spinal but not 
bupivacaine. Clonidine 1 mcg/kg has been suggested as a spinal additive to prolong the duration of a 
block (29). Infants typically remain normotensive without tachycardia with a block to the T2-T4 level. 
This occurs because premature infants are less dependent on sympathetic tone and there is a 
reduction in vagal stimulation following the sympathetic block (30). 
 
Choice of Sedative Agents and Neurotoxicity Concerns 
Ideally, little or no sedation is needed or desired following a spinal anesthetic in a premature infant. 
Infants usually become sleepy due to the effects of deafferentation on the reticular activating system. 
BIS readings in premature infants have been shown to diminish following a spinal anesthetic (31). In 
the event of restlessness or crying nonnutritive sucking with a sweetened pacifier may be attempted 
prior to sedatives. Multiple studies have shown that this approach has both a sedating and analgesic 
effect on infants during painful and stressful procedures (32). 
 
If sedation is indicated, as in the case of a long surgical procedure outlasting the spinal block, one 
must keep in mind the current controversy regarding the use of anesthetic agents and neurotoxicity in 
infants and young children (33). Multiple studies over the past decade have shown that NMDA 
antagonists and GABA agonists cause neurotoxic changes with resulting behavioral and learning 
deficits in infant rodents and primates. What this means for infants and children is unclear. 
Retrospective population studies of infants exposed to general anesthetics seem to indicate that while 
one exposure is safe, multiple exposures may be associated with learning disorders. While we await 
the results of prospective studies, the avoidance of agents shown to be harmful in animal models--
benzodiazepines, ketamine, propofol, inhalation agents--may be prudent. 
 
Dexmedetomidine may be the ideal agent to use for sedation in the premature infant following a spinal 
anesthetic. It is an alpha-2 agonist with sedating and analgesic properties that has been shown to be 
free of neurotoxic effects. In fact, dexmedetomidine may be neuroprotective (34,35). Another 
favorable property of dexmedetomidine is its tendency to maintain respiratory drive, especially 
important in premature infants. Dexmedetomidine does cause a dose-dependent decrease in heart 
rate and blood pressure, however. Its safe use as a sedative for infants is well-documented (36,37). 
 
Conclusions 
The premature infant presents an anesthetic challenge. Evidence seems to suggest that spinal 
anesthesia may be superior to general anesthesia in preventing apnea and the need for post-
operative ventilation. Laparoscopic surgery is now being performed routinely for premature infants. 
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Anesthesiologists must understand and manage the numerous physiologic changes brought on by 
abdominal insufflation. General anesthesia is the standard for laparoscopic surgery in infants, but 
spinal anesthesia has recently been suggested as a feasible alternative. Spinal anesthetic success 
can be enhanced by following several practical steps. Administration of sedative medication in infants 
following a spinal block may be necessary and should be done after taking into consideration 
concerns for apnea and neurotoxicity. 
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