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Introduction
Postoperative apnea in formerly preterm (gestational 

age ≤ 37 weeks), high-risk (preterm infants whose post-con-
ceptual age at the time of surgery is < 60 weeks) infants is a 
well-recognized clinical entity that has been investigated by 
numerous reports since the late 1980’s [1-4]. Although many 
factors have been implicated as the cause of postoperative 
apnea in this patient population, it is not certain whether it 
is a consequence of neurohumoral substances, postoperative 
pain, airway obstruction, diminished respiratory drive, hypo-
thermia, anemia, residual general anesthetic effects, or other 
factors [1,3]. Nonetheless, literature has demonstrated that 
the incidence of postoperative apnea, which is often associat-
ed with postoperative desaturation and bradycardia, is high-
er in preterm, high-risk infants and this finding has thereby 
led to the routine practice of hospital admission of formerly 
preterm, high-risk infants for monitoring after receiving gen-
eral anesthesia [1,3]. Endeavors to decrease the incidence 
of postoperative apnea after receiving a general anesthetic 
shifted the interest towards spinal anesthesia.

Spinal anesthesia, a safe anesthetic performed in children 
for over a hundred years, has been an attractive alternative to 
general anesthesia as it can circumvent inhalation or intrave-
nous anesthetics and sedatives-agents that have been linked 
to apoptosis of neurons and oligodendrocytes, impaired hip-
pocampal neurogenesis, and reduction in synapse number in 
animal models [5]. Thus in the 1990’s-2000’s, spinal anesthe-
sia experienced its resurgence as evidence had demonstrat-

ed that it was associated with postoperative apnea risk re-
duction compared to general anesthesia [1,2]. Over the last 
decade, spinal anesthesia has become a useful technique in 
infraumbilical, urologic, and lower limb surgeries in infants at 
a number of specialized pediatric institutions [3,6,7]. Howev-
er, successful spinal anesthesia in infants depends on a multi-
tude of factors including provider’s skill, preoperative assess-
ment, proper patient positioning during and after the spinal, 
and appropriate drug selection and dosing. Among these fac-
tors, spinal drug dosing is a contentious topic in research as 
the dosage of local anesthetics used for spinal anesthesia in 
children is not well determined [8]. In fact, many dose range 
finding studies have been conducted to determine the min-
imum local anesthetic dose (MLAD) and its corresponding 
response (duration of motor blockade). Additionally, recent 
studies have called into question the bodyweight-based dos-
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facilitate the surgery, his arms were immobilized with gauze 
ties and he was placated with a pacifier and oral sucrose solu-
tion. Surgical incision occurred ten minutes after the spinal 
anesthetic was administered. He remained comfortable and 
hemodynamically stable the entire time; vital assessments 
ranged from 96-100% (SpO2), 70-108/31-55 mmHg (NIBP), 
45-70 mmHg (MAP), 147-196 bpm (HR). Additionally, he re-
mained on a D10W with electrolytes infusion at 100 mL/kg/
day during the procedure. He was transitioned to RA mid-pro-
cedure as his SpO2 did not require any oxygen supplementa-
tion. The surgical duration of bilateral inguinal herniorrhaphy 
and circumcision, from incision to closure, was forty-seven 
minutes. At the conclusion of the procedure, he was placed 
in the right lateral decubitus position for administration of 
acaudal anesthetic while fully awake. His skin was prepped 
with betadine prior to a single-shot administration of 6 mL 
of ropivacaine 0.1% + 1:200,000 epinephrine with a 22 gauge 
standard angiocatheter in the caudal space; no blood or CSF 
was aspirated and test dose reaction was negative. After the 
caudal epidural anesthetic was administered, initial return of 
motor function of the lower extremities was noted. The pa-
tient tolerated the procedure well; blood loss was minimal. 
The patient was returned to the Special Care Nursery un-
eventfully where he continued to recover appropriately, with 
hemodynamic stability and SpO2 > 94% on RA.

Discussion
Spinal anesthesia has had a notable history of safety and 

success in the pediatric anesthetic and surgical literature, 
with most of its interest revolved around formerly preterm or 
high-risk infants. It can be used as the sole anesthetic for a va-
riety of infraumbilical and lower extremity procedures, often 
obviating the need for additional sedatives or anesthetics of 
which the effects on neurodevelopment are still presently un-
known. Multiple studies have demonstrated that spinal anes-
thesia, in comparison to general anesthesia, can reduce post-
operative apnea, oxygen desaturation, and bradycardia in 
formerly preterm or high-risk infants [1,2]. A 2015 Cochrane 
Database Review of seven small trials comparing spinal with 
general anesthesia in formerly preterm infants undergoing 
inguinal herniorrhaphy demonstrated a reduction in post-
operative apnea risk by up to 47% in patients who received 
a spinal anesthetic without pre- or intraoperative sedatives 
compared to those who received a general anesthetic (typical 
RR 0.53, 95% CI 0.34-0.82; 4 studies; 129 infants). In fact, for 
every 4 infants who received a spinal anesthetic without addi-
tional sedation, 1 infant may be prevented from experiencing 
an episode of postoperative apnea (NNTB = 4) [2].

To serve as the sole anesthetic, spinal anesthesia must be 
administered successfully; this success often depends on the 
correct dosing of the local anesthetic among other factors. 
Unfortunately, high-level evidence is not presently available 
to guide the dosage of spinal LA used in children [8]. Addi-
tionally, a lot of dosing variation exists as well as method of 
dosing (either based on weight or age). For instance, while 
Verma, et al. and Suresh, et al. administered bupivacaine 
0.5% at a dose of 0.5 mg/kg and 1 mg/kg, respectively, Par-
thasarathy, et al. administered bupivacaine 0.5% at a dose of 

ing of local anesthetics for spinal due to the fact that there is a 
large variation in body weight among same age group infants; 
instead these researchers have proposed a new formula for 
spinal local anesthetic dosing based on age since spinal cord 
growth is proportional to age [9]. We report the administra-
tion of a combined awake spinal (bodyweight-based dosed) 
followed by a caudal anesthetic at the end of the surgery in 
a formerly preterm, high-risk infant with chronic lung disease 
who underwent bilateral open inguinal herniorrhaphy and 
circumcision.

Case Description
A former 28 0/7 week gestation male at 40 3/7 weeks 

postconceptional age was scheduled for bilateral inguinal 
hernia repair and circumcision. His past medical history and 
hospital course was notable for delivery via cesarean section 
due to non-reassuring fetal heart rates and breech presenta-
tion with oligohydramnios and preterm premature rupture of 
membranes at 23 weeks. He was admitted to the Massachu-
setts General Hospital NICU for evaluation and management 
of issues related to prematurity. Prior to birth, he was treated 
with latency antibiotics, two courses of betamethasone, and 
a magnesium bolus. At birth, he was non-vigorous with poor 
tone and cry. Interventions included active warming, stimu-
lation, and bulb suctioning with progression to noninvasive 
positive pressure ventilation (NIPPV) and subsequent intu-
bation. Apgar scores were 2, 6, 7. He received surfactant on 
day of life (DOL) 0, was extubated to NIPPV and started on 
caffeine on DOL 1, and was weaned to continuous positive 
airway pressure (CPAP) on DOL 7 then to nasal cannula and 
ultimately to room air (RA) on DOL 72. During that time he 
was also treated with diuretic therapy, as well as parenteral 
nutrition with advancement to enteral nutrition, photother-
apy for hyperbilirubinemia, and blood transfusion for ane-
mia, desaturation/apnea, and bradycardia. He continued to 
remain stable throughout admission and was scheduled for 
bilateral inguinal herniorrhaphy and circumcision two weeks 
prior to discharge.

On the day of surgery, the patient was 40 3/7 weeks and 
measured 50.5 cm and 3.55 kg. After a preoperative discus-
sion with the surgical and anesthesia teams, the anesthetic 
plan was to proceed with a spinal and caudal epidural for the 
procedure. With a preexisting IV and an experienced pediatric 
surgeon, we were hopeful that the spinal anesthetic would 
provide sufficient anesthesia for the duration of the proce-
dure as well as an awake caudal epidural at the conclusion of 
the procedure. Twenty minutes prior to transport from the 
Special Care Nursery to the operating room, EMLA 5% cream 
was applied to the patient’s lumbar spine. On arrival to the 
operating room, the patient was placed in the sitting position 
on a foam donut; standard ASA monitors and 2 L/min O2 via 
nasal cannula were applied. After the skin was prepped with 
betadine, 0.1 mL of lidocaine 1% was injected subcutaneously 
at the site of entry prior to midline insertion of a 1.5 inch, 22 
gauge Quincke spinal needle at the L4-5 interspace. Correct 
placement was confirmed with CSF aspiration before injec-
tion of 0.8 mL of bupivacaine 0.5%. He was immediately po-
sitioned supine and prepped and draped in usual fashion. To 
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age/5 (in ml). Ultimately, we decided to dose our spinal with 
1 mg/kg of bupivacaine 0.5% based on the large CSF volume 
in infants [10].

We report a successful awake spinal and caudal anesthet-
ic in a formerly preterm, high-risk infant with chronic lung 
disease who underwent bilateral open inguinal herniorrha-
phy and circumcision; we dosed our spinal with 1 mg/kg of 
bupivacaine 0.5% and also accounted for 0.1 ml of dead space 
in the Quincke spinal needle. This dose provided sufficient 
anesthesia for the duration of the procedure as well as an 
awake caudal epidural, for postoperative pain control, at the 
conclusion of the procedure. By the time the caudal anesthet-
ic was administered, the patient had regained motor func-
tion of his legs. No additional pre- or intraoperative sedative 
or anesthetic was required or administered (which avoided 
any sedation and its potential consequences such as apnea, 
bradycardia, or oxygen desaturation). The patient had an un-
eventful postoperative recovery: Vitals were monitored every 
3 hours, and there were no episodes of apnea/bradypnea, hy-
potension, bradycardia, or oxygen desaturation in the first 24 
hours, postoperatively. Additionally neonatal pain, sedation, 
and agitation scale (NPASS) was between 0 and 2 during this 
postoperative period. Our case demonstrates how a com-
bined awake spinal and caudal anesthetic can be a beneficial 
anesthetic alternative, especially in a formerly preterm, high-
risk infant with chronic lung disease who is at high risk for 
postoperative apnea. Moreover, it demonstrates spinal bu-
pivacaine 0.5% can be safely and successfully performed at a 
dose of 1 mg/kg for a procedure lasting less than 1 hour.
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