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Abstract

Although commonly practiced in the adult population, spinal anesthe-
sia has seen sporadic use in the pediatric population, being employed 
historically as a means of avoiding apnea following general anes-
thesia with halothane. With the emergence of evidence that specific 
anesthetic agents may affect future neurocognitive outcomes, there 
has been an increased focus on alternatives to general anesthesia, in-
cluding spinal anesthesia.  However, spinal anesthesia may also have 
applications in patients with co-morbid conditions that increase the 
risk of general anesthesia. We present the use of spinal anesthesia 
during urologic surgery in a 19-month-old boy with hypoplastic left 
heart syndrome who had undergone surgical palliation. The use of 
spinal anesthesia in patients with congenital heart disease is reviewed, 
potential hemodynamic consequences are presented, and the use of 
spinal anesthesia as an alternative to general anesthesia is discussed.
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Introduction

Although commonly practiced in the adult population, the use 
of spinal anesthesia in infants and children remains limited. 
Spinal anesthesia initially gained popularity as it was shown 
to be a suitable alternative to general anesthesia in the high-
risk, former preterm neonate [1-7]. In this population, spinal 
anesthesia was used instead of general anesthesia to limit the 

incidence of postoperative complications, especially apnea 
and postoperative respiratory dysfunction, which was noted 
following general anesthesia with halothane. However, its use 
decreased as the risk of apnea was shown to be limited with the 
introduction of the new volatile anesthetic agents, sevoflurane 
and desflurane [8, 9]. More recently, there has been renewed 
interest in the use of spinal anesthesia based on findings from 
animal models and retrospective cohort studies regarding the 
potential neurocognitive effects of general anesthesia dur-
ing the neonatal period or infancy [10-14]. Despite the lack 
of prospective trials to clearly demonstrate such issues, spinal 
anesthesia has been reintroduced as a means of avoiding gen-
eral anesthesia during the potentially vulnerable time period 
of central nervous system development. Additionally, in pa-
tients with significant co-morbid conditions, spinal anesthesia 
may offer a safety advantage over general anesthesia for brief 
(< 90 min) surgical procedures. The authors report the use of 
spinal anesthesia during circumcision in a 19-month-old, 12.1 
kg infant with hypoplastic left heart syndrome (HLHS) who 
had undergone hybrid palliation [15]. The applications of spi-
nal anesthesia in high-risk patients with co-morbid congenital 
heart disease (CHD) are reviewed, techniques are described, 
and potential adverse hemodynamic and respiratory effects are 
discussed with emphasis on the patient with palliated HLHS.

Case Report

Institutional Review Board approval is not required at Nation-
wide Children’s Hospital (Columbus, OH) for the presentation 
of single case reports. The patient was a 19-month-old toddler 
(weight 12.1 kg) with HLHS (aortic atresia and mitral stenosis 
type) who had completed the stage I hybrid procedure and a 
comprehensive stage II palliation, presenting for circumcision 
due to phimosis. Medications at the time of surgery included 
enalapril 1.5 mg twice daily, digoxin 50 µg twice daily, and 
aspirin 40.5 mg daily. His aspirin was held for 7 days prior to 
the scheduled surgery. He had no known drug allergies and no 
new laboratory tests were performed prior to the procedure. 
Due to his extensive cardiac history and a history of the need 
for prolonged postoperative ventilation following his previous 
cardiac surgical procedures, the surgeon had a frank discussion 
with the family regarding the potential risks of this elective 
surgery and offered ongoing observation of the urologic condi-
tion. Despite this, the family still desired surgery. At this point, 
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a discussion was held including the surgeon, anesthesiologist, 
and cardiologist regarding potential spinal anesthesia in an ef-
fort to avoid general anesthesia and airway instrumentation. 
The patient was deemed a suitable candidate, and the option 
was presented to the parents who consented to proceed with 
spinal anesthesia. On the morning of surgery, the patient was 
held nil per os (NPO) for 2 h for clear liquids and for 8 h for 
solids. The patient’s vital signs were blood pressure 104/61 mm 
Hg, heart rate 110 beats/min, respiratory rate 28 breaths/min, 
oxygen saturation 85% on room air, and temperature of 36.3 
°C. In the preoperative holding area, LMX® cream (4% topical 
lidocaine, Ferndale Laboratories Inc., Ferndale, MI) was ap-
plied to the lumbar area to minimize discomfort with the place-
ment of the spinal needle. The patient was transported to the 
operating room and standard American Society of Anesthesi-
ologists’ monitors were applied. He was positioned in a curled 
sitting position. Using aseptic technique, a 1.5 inch, 22-gauge 
spinal needle was inserted at the L4-5 interspace. Free flow of 
cerebrospinal fluid was obtained and 1.2 mL of 0.5% bupiva-
caine (0.5 mg/kg) with epinephrine 1:200,000 and clonidine 
(1 µg/kg) was injected through the spinal needle. The patient 
was positioned supine and a 22-gauge peripheral intravenous 
catheter was placed in the right foot. Prior to surgical incision, 
the adequacy of the spinal blockade was confirmed by motor 
blockade of the lower extremities and absence of response to 
skin prick. During the procedure, the patient breathed room 
air with a pacifier dipped in 24% sucrose solution in place. 
The oxygen saturation ranged from 80% to 85%. Due to slight 
irritability, a single dose of dexmedetomidine (0.5 µg/kg) was 
administered intravenously prior to the start of procedure. The 
patient’s heart rate prior to spinal anesthesia was 160 beats/
min with a blood pressure of 100 - 110/60 - 80 mm Hg. Af-
ter spinal anesthesia, the heart rate decreased to a nadir of 80 
beats/min and the blood pressure ranged from 80 - 100/40 - 50 
mm Hg. The patient tolerated the 30-min procedure without 
incident and was transferred to the post-anesthesia care unit. 
After meeting discharge criteria, he was discharged to home 
on the day of surgery.

Discussion

HLHS is a complex CHD characterized by abnormal devel-
opment of left-sided cardiac structures, leading to inadequate 
systemic perfusion following post-natal closure of the patent 
ductus arteriosus (PDA) [16]. Surgical management of HLHS 
has traditionally been approached with a Norwood procedure 
during the neonatal period [16, 17]. This involves extensive 
reconstruction of the aortic arch, thereby connecting the right 
ventricle with the systemic circulation and placement of a shunt 
to provide pulmonary blood flow. A more recent approach is 
the hybrid procedure, which combines interventional catheter-
based stenting of the PDA to maintain systemic output, bal-
loon atrial septostomy, and surgically placed pulmonary artery 
bands to limit pulmonary blood flow [15]. The hybrid approach 
defers aortic arch reconstruction with the need for cardiopul-
monary bypass until the stage II procedure, when the patient is 
4 - 8 months of age [15, 18]. The proposed advantages of this 

strategy include improved hemodynamic stability after stage I 
and reduction in risk of brain and myocardial injury by avoid-
ing cardiopulmonary bypass and aortic arch reconstruction in 
the early neonatal period.

Infants with HLHS frequently have associated conditions 
requiring non-cardiac surgical procedures. Given the associat-
ed co-morbid CHD, there is an increased risk of perioperative 
morbidity and mortality in this patient population [19]. In gen-
eral, elective surgery should be carefully considered in such a 
patient, and a well-informed discussion between the surgeon, 
anesthesiologist, and parents should occur prior to proceed-
ing. Despite such discussions, as was the case with our patient, 
families may still request surgical intervention.

In an effort to avoid the potential deleterious effects of 
general anesthesia, airway instrumentation, and the potential 
need for positive pressure ventilation, spinal anesthesia was 
chosen for our patient. Although first reported in a pediatric 
patient as early as 1899, spinal anesthesia never gained signifi-
cant popularity in pediatric anesthesia, being used in the 1980s 
as a means of avoiding apnea following halothane anesthesia. 
Spinal anesthesia is currently seeing a resurgence as an alter-
native to general anesthesia, as it may limit the potential del-
eterious long-term neurocognitive effects of inhalational and 
intravenous anesthetic agents [12, 20].

Following the comprehensive stage II procedure on the 
hybrid pathway for patients with HLHS, the perioperative 
concerns include maintaining adequate pulmonary blood flow 
through the Glenn anastomosis. As pulmonary blood flow is 
passive, this is accomplished by maintaining adequate preload, 
avoiding increases in pulmonary vascular resistance, and lim-
iting the use of medications with negative inotropic effects. 
Avoidance of prolonged NPO times, intravenous hydration 
while NPO, and fluid loading prior to anesthetic induction 
may be helpful in avoiding intravascular volume depletion. 
Endotracheal intubation, positive pressure ventilation, and 
the use of positive end expiratory pressure may all decrease 
pulmonary blood flow and cardiac output in this setting [21]. 
In our patient, we chose to use spinal anesthesia as a means 
of providing surgical anesthesia while avoiding the need for 
endotracheal intubation, positive pressure ventilation, and the 
use of intravenous and inhalational anesthetic agents with po-
tentially negative inotropic effects.

The obvious concern regarding the use of spinal anes-
thesia in this scenario is the potential for adverse effects on 
hemodynamic function. However, spinal anesthesia (even high 
blockade) has been shown to have limited effects on hemody-
namic function in infants and children less than 6 years of age 
[22]. Even deliberate high spinal anesthesia used for repair of 
PDA in neonates produced only a mild decline in blood pres-
sure [23]. Unlike the adult population, sympathetic blockade 
with hypotension rarely occurs. This has traditionally been 
attributed to the incomplete development of the sympathetic 
nervous system in infants [24]. However, analysis of heart rate 
variability during the administration of spinal anesthesia in in-
fants suggests that the reflex response to high spinal anesthesia 
is primarily due to diminished parasympathetic tone that off-
sets the blockade of sympathetic function [25]. This has been 
supported by clinical studies of spinal anesthesia in infants 
demonstrating that only a small percentage of patients required 
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treatment with intravenous fluids [26]. In our patient, no clini-
cally significant changes in blood pressure or oxygen satura-
tion were noted after the administration of spinal anesthesia. 
The decrease in heart rate to 80 beats/min was likely from the 
administration of intravenous dexmedetomidine to provide se-
dation [27]. Despite these data, the potential for hemodynamic 
changes should always be considered and appropriate monitor-
ing be employed with ready access to resuscitation medica-
tions if needed. The potential safety of this approach is fur-
ther supported by observational studies reporting no clinically 
significant reduction in blood pressure or oxygen saturation in 
high-risk infants with CHD during spinal anesthesia (Table 1) 
[28-36]. In these studies in infants and children with CHD, 
spinal anesthesia provided stable hemodynamic parameters 
without excessive hypotension requiring the administration of 
fluid or inotropic agents.

With the increasing use of spinal anesthesia in pediatric an-
esthesia, there have been several detailed reviews highlighting 
the important aspects of this technique [20, 37, 38]. In the neo-
nate or infant, the sitting position is generally preferred for spi-
nal anesthesia. The head should be slightly extended to avoid 
airway obstruction. Superficial analgesia with a topical local 
anesthetic cream is recommended to prevent pain during needle 
insertion. While we prefer to avoid the use of sedative agents, 
other investigators have suggested the administration of mida-
zolam or ketamine to provide sedation during performance of 
the procedure [38]. At our institution, we prefer a non-pharma-
cological approach with a pacifier dipped in 24% sucrose oral 
solution whenever possible. Furthermore, we generally place 
the intravenous cannula in the foot after spinal anesthesia has 
been initiated. In our practice, a 1.5”, 22-gauge spinal needle 
with a stylet is used. After the epidermis and dermis are punc-

Table 1.  Previous Reports of Spinal Anesthesia in Infants With Congenital Heart Disease

Authors and 
reference Study design and cohort Outcomes

Peterson 
et al [28]

Retrospective review of regional anesthesia combined 
with GA in 220 patients over a 4-year period.

Tracheal extubation in 89% in the operating room. 95% had 
pain scores ≤ 4.0 at all postoperative intervals. Adverse effects 
included emesis (39%), pruritus (10%), urinary retention (7%), 
transient paresthesia (3%), and respiratory depression (1.8%). The 
incidence of hematoma was 0. The adverse effect rate was lower 
in thoracic epidural approach compared or others (caudal, lumbar  
epidural, spinal). Duration of stay was not affected.

Hammer et 
al [29, 30]

Retrospective review of 50 consecutive cases: 25 with  
epidural and 25 with SA combined with GA.

No significant hemodynamic changes were noted. 
Postoperative analgesia effects of the technique 
were reported in a subsequent publication.

Sacrista et 
al [31]

Case report of a 38-week gestation, 2,880 g infant with 
HLHS and anorectal atresia for colostomy under SA.

SA with 0.8 mL of 0.5% isobaric bupivacaine instead of GA. No  
significant hemodynamic changes were noted.

Finkel et 
al [32]

During GA with isoflurane, 30 patients (7 months to 13 
years) with CHD received SA with hyperbaric tetracaine 
and morphine. Cephalad spread was promoted by 30°  
Trendelenburg positioning.

No significant hemodynamic changes were noted. Although not 
specifically studied, intraoperative maintenance requirements for  
isoflurane were low (0.5-1%).

Katznelson 
et al [33]

Cohort study of 12 infants less than 6 months of age 
undergoing diagnostic cardiac catheterization under SA  
with 1 mg/kg of 0.5% bupivacaine.

No significant changes in hemodynamic or respiratory variables 
comparing perioperative vitals. Six patients required additional 
sedation with midazolam or ketamine. Discharge time was 33 ± 12  
minutes.

Tobias [34] Case report of a 3-week-old, 3.6 kg infant with Blalock-
Taussig shunt palliation of CDH, undergoing combined  
GA and SA for anorectoplasty.

Sevoflurane GA combined with SA (tetracaine and morphine). 
No significant hemodynamic changes were noted.

Kachko et 
al [35]

Retrospective review and comparison of 84 infants (42 
with CHD and 42 without) undergoing non-cardiac 
surgery using SA (0.5 - 1 mg/kg of 0.5% bupivacaine).

No between-group differences in MAP and heart rate changes 
after SA. Mild decrease in MAP from baseline of 20%. Apnea  
without desaturation occurred in 1 patient.

Shenkman 
et al [36]

Retrospective review of 43 infants with non-cyanotic 
CHD for inguinal herniorrhaphy under SA with 1 mg/kg  
of tetracaine or bupivacaine.

No clinically significant hemodynamic changes. One 
patient was converted to GA due to the length of the 
procedure, two required supplemental oxygen.

Williams 
et al [23]

Retrospective review of 14 patients undergoing surgical 
closure of patent ductus arteriosus under deliberate high 
SA (tetracaine 2.4 mg/kg) with mechanical ventilation.

Two patients had inadequate spinal level and received isoflurane. 
Half received no supplementation. Average maximal decrease in 
MAP was 7.8 mm Hg with one patient having a decrease of 20 
mm Hg and a heart rate decrease to 125 from 180 beats/min,  
responsive to fluid and atropine treatment.

HLHS: hypoplastic left heart syndrome; CHD: congenital heart disease; GA: general anesthesia; MAP: mean arterial pressure; SA: spinal anesthesia.
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tured, the stylet is removed as there may be only a subtle pop 
as the intrathecal space is entered. Once free flow of cerebro-
spinal fluid is obtained, the local anesthetic solution is injected. 
We generally aspirate only at the end of injection to clear the 
hub of the needle of remaining local anesthetic solution. The 
two commonly used local anesthetic agents are tetracaine or 
bupivacaine, with dose ranges from 0.4 to 1 mg/kg. Higher 
intrathecal local anesthetic requirements in infants result from 
the larger per-kilogram volume of CSF compared to adults and 
proportionally greater blood flow leading to faster drug uptake. 
Although hyperbaric tetracaine solutions were previously used 
most commonly, many institutions, including ours, currently 
use isobaric bupivacaine 0.5%. These dosing regimens will 
provide approximately 90 min of surgical anesthesia depending 
on the dermatomes involved [39]. The addition of epinephrine 
or clonidine may be used to prolong the duration of surgical 
anesthesia [40]. After performing the spinal, the infant is placed 
in the supine position with care taken not to raise the legs above 
the body to avoid unintentional high block. Though this should 
not be required with isobaric solutions, we nonetheless observe 
this precaution as an added safety measure.

Absolute contraindications to spinal anesthesia include 
parental refusal, history of true allergy to the local anesthetic 
agent, ongoing systemic infection with bacteremia, clinically 
significant coagulation disturbances, and intracranial hyper-
tension or hemorrhage. Reports in the literature have demon-
strated a very low incidence of significant adverse effects with 
spinal anesthesia in neonates and infants. The relatively high 
failure rate of spinal anesthesia reported in the literature high-
lights the importance of developing a robust spinal anesthesia 
program to optimize successful outcomes for awake spinal an-
esthesia in these high-risk infants [14]. With these caveats in 
mind, spinal anesthesia should be considered a safe and effec-
tive alternative to general anesthesia in high-risk neonates and 
infants, especially those with co-morbid CHD. We also recom-
mend effective communication between providers as well as 
the family to enhance the safety of this approach. This should 
include a well-informed discussion with the family and then 
physician-to-physician consultation to ensure proper prepara-
tion for such cases.
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