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Abstract

Rising concerns regarding the potential long-term neurocognitive ef-
fects of general anesthetic agents have renewed an interest in using
regional anesthesia instead of general anesthesia in infants. Although
generally safe and effective, the primary risk associated with regional
anesthesia relates to the use of large doses of local anesthetic agents
and the potential for local anesthetic systemic toxicity (LAST). We
present three infants who suffered LAST after receiving regional an-
esthesia instead of general anesthesia. The early signs and symptoms
were quickly identified in the awake state thereby allowing for cessa-
tion of continuous drug administration and a rapid response to treat
LAST before progression to severe sequelae.
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Introduction

Regional anesthesia is frequently combined with general an-
esthesia in the pediatric-aged patient to provide postoperative
analgesia and avoid the need for systemic opioids [1]. Given
recent concerns regarding the effects of general anesthetic
agents on long-term neurocognitive outcomes, regional anes-
thesia (spinal anesthesia or combined spinal/caudal epidural
anesthesia) is also being offered as an alternative to general
anesthesia [2-4]. There was a rigorous period of preparation
prior to the public offering of the program. Pediatric anesthe-
siologists with regional experiences were able to be proficient
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with spinal anesthesia in five procedures or less. However, the
successful system-wide integration for the whole pediatric an-
esthesia faculty was approximately 6 months with proficiency
achieved on average by the 10th attempt. While generally safe
and effective, adverse effects may occur during regional an-
esthesia in infants and children, the most significant being lo-
cal anesthetic systemic toxicity (LAST) [5]. Unlike the adult
population, both neuraxial and peripheral nerve blockade are
typically performed under deep sedation or general anesthesia
in infants and children such that signs and symptoms of LAST
may not detectable until the later stages of cardiovascular col-
lapse [6]. Techniques to decrease the incidence of LAST in-
clude careful dose calculation, slow incremental injection with
intermittent aspiration, use of ultrasound guidance, and a test
dose containing epinephrine to identify inadvertent systemic
administration [7-9].

Procedures performed using regional anesthesia (spinal
or combined spinal/caudal anesthesia) may enable patients to
remain awake or lightly sedated during surgical procedures,
which could facilitate the early recognition of LAST through
the identification of central nervous system (CNS) effects that
conventionally precede cardiotoxicity. We recently cared for
three infants who each exhibited early signs of LAST while
awake during surgical procedures performed under regional
anesthesia. We review the mechanisms, presentation, risk fac-
tors and management of LAST in infants and children. Al-
though multiple studies have supported the safety of regional
techniques under general anesthesia in infants and children, we
discuss the theoretical benefit of having an awake patient while
performing regional anesthesia even in the pediatric-aged pa-
tient, as this may allow the manifestation of CNS signs and
symptoms of LAST prior to cardiovascular toxicity [5, 10].

Case Reports

The retrospective review of these cases and presentation in
this format was approved by the Institutional Review Board
at Nationwide Children’s Hospital (Columbus, OH, USA). In
all three patients, the technical approach for performance of
spinal anesthesia was similar. All patients received a topical
anesthetic cream (LMX (4% lidocaine)) that was applied over
the lumbar region in the perioperative area after informed con-
sent was obtained. The patients were transferred to the operat-
ing room and standard American Society of Anesthesiologists’
monitors were placed. The topical cream was removed, and
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the lumbar area cleaned with chlorhexidine. With the patient
in the sitting position, the spinal anesthetic was administered
in a sterile fashion using a styletted 22-gauge, 1.5-inch spinal
needle at the L4 - L5 interspace. After free flow of cerebrospi-
nal fluid was obtained, isobaric bupivacaine (0.5%) containing
1:200,000 epinephrine and clonidine was injected. The infants
were then placed in the supine position and a peripheral intra-
venous catheter was placed in the lower extremity. Adequate
motor and sensory blockade was confirmed prior to the start of
the surgical procedure.

Case 1

A 3-month-old, 49-week post-conceptual age (PCA), 8.3 kg
male presented for correction of congenital chordee. The in-
trathecal anesthetic in this case was 1.2 mL of isobaric 0.5%
bupivacaine containing 1:200,000 epinephrine and 8 pg of
clonidine. No significant change in hemodynamic status was
noted after placement of spinal anesthesia. Upon completion
of the surgical procedure, the surgeon administered a dorsal
penile block using 4 mL of 0.25% bupivacaine to provide
postoperative analgesia. Immediately after this injection, the
patient exhibited jerking/twitching movements, a heart rate in-
crease > 30 beats/min, and a decreased oxygen desaturation.
Assisted-ventilation with a bag-valve-mask, 100% oxygen and
the subsequent administration of propofol (20 mg) and mida-
zolam (0.5 mg) resulted in cessation of the seizure activity. The
patient remained hemodynamically stable and did not require
endotracheal intubation. He was transported to the post-anes-
thesia care unit (PACU) and monitored for 2 h with no reoccur-
rence of the seizure activity. The patient was discharged home
and had no postoperative issues.

Case 2

A 7-month-old, 8.6-kg male presented for circumecision, scro-
toplasty and hidden penis repair. Spinal anesthesia was in-
duced using of 1.1 mL of isobaric 0.5% bupivacaine contain-
ing 1:200,000 epinephrine and 9 pg of clonidine. Sixty-five
minutes later, at the end of the surgical procedure, the surgeon
placed a dorsal penile block by injecting 5 mL of 0.25% bupiv-
acaine. Immediately thereafter, the patient cried out and started
to have rhythmic jerking movements of the head, eyes and up-
per extremities, with frothing from the mouth. He subsequent-
ly became apneic and tachycardic. This patient was similarly
treated with 100% oxygen, propofol (5 mg) and midazolam
(0.25 mg) which resulted quickly in complete cessation of the
seizure activity. The patient was transported to PACU in sta-
ble condition with no focal neurological deficits. He was dis-
charged home later in the day. His postoperative course was
unremarkable.

Case 3

A 7-month-old, 8.2-kg male presented for first stage hypospa-
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dias repair. The intrathecal administration of 1.2 mL of iso-
baric 0.5% bupivacaine containing 1:200,000 epinephrine,
and 8 ng of clonidine was followed by placement of a caudal
epidural catheter that was tested with negative aspiration and
a test dose. During the case, the patient was initially awake,
interactive with a heart rate trending down from 140 to 100
beats/min before falling asleep. An hour after placement of the
spinal anesthesia, 12 mL of 3% chloroprocaine (360 mg) was
injected through the caudal catheter before and an infusion
started at 1 mL/kg/h to maintain an appropriate level of an-
esthesia. Twenty minutes later, a notable oxygen desaturation
was accompanied by upper body twitching and a heart rate in-
crease > 20 beats/min. The epidural infusion was immediately
suspended, and ventilation was supported with 100% oxygen
via bag-valve-mask ventilation. The twitching ceased after the
administration of midazolam (1 mg). Surgery was completed
approximately 15 min after stopping the infusion of chloropro-
caine, and no further local anesthetic agent was administered
through the caudal catheter. The patient was discharged from
the PACU after he was fully awake with a normal neurological
exam. He was discharged home that day with no sequelae from
the seizure activity. His postoperative course was uneventful.
The patient subsequently had the second stage of the procedure
under regional anesthesia without any adverse event.

Discussion

Spinal anesthesia is offered commonly as an alternative to gen-
eral anesthesia in neonates and infants to avoid the possible
adverse neurocognitive effects of general anesthetic agents.
Clinical experience has demonstrated that spinal anesthesia is
a safe alternative to general anesthesia for infra-umbilical sur-
gical procedures lasting less than 70 - 80 min [11]. It requires a
minimal amount of the local anesthetic agent and is associated
with low blood concentrations of the local anesthetic agent.
In our first two patients, as the duration of surgical anesthesia
is 70 - 80 min, an additional technique such as a penile nerve
block is required to provide prolonged postoperative analge-
sia. In our third patient, a combined spinal-epidural technique
was chosen as the anticipated duration of the surgical proce-
dures was longer than that provided by a single shot spinal
anesthetic technique [3, 4].

In addition to avoiding the potential neurocognitive ef-
fects of general anesthetic agents, regional anesthesia supports
hemodynamic stability, is associated with lower intraoperative
blood loss, and blunts the surgical stress-hormone response
[1]. However, as with any anesthetic technique, adverse ef-
fects may occur with regional anesthesia. This may include
injuries related to needle placement or reactions to the sub-
sequent administration of the local anesthetic agent. Systemic
toxicity from local anesthetic administration may occur due to
the administration of a large single dose, inadvertent systemic
injection, rapid systemic absorption, redosing or a continuous
infusion [12]. LAST generally affects the central nervous and
the cardiovascular systems with the former generally appear-
ing first and at lower blood concentrations [13].

The earliest signs of systemic toxicity result from the
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blockade of inhibitory pathways in the cerebral cortex [14].
This results in secondary excitatory nerve hyperactivity lead-
ing to shivering, myoclonus, tremors and sudden muscular
contractions with progression to tonic-clonic seizures [15].
These signs and symptoms of CNS hyperactivity generally oc-
cur at a lower plasma concentration, preceding cardiotoxicity
and cardiovascular collapse [16]. Arrthythmias and myocardial
depression are the two forms of cardiotoxicity. The gamut of
arrhythmias varies from tachycardia to asystole. There is a dis-
ruption of the intrinsic conduction system via the blockade of
the sodium and potassium channels [17]. The structure of the
sodium channels closely mirrors the voltage-dependent cal-
cium channels; hence local anesthetic agents block these chan-
nels by the same mechanism [18]. The effects on the calcium
channels decreases contractility by inhibiting intracellular
calcium release from the sarcoplasmic reticulum. In addition,
there is a significant reduction in the generation of cyclic aden-
osine monophosphate (AMP), which results from the inactiva-
tion of B-adrenergic receptors and depressed adenylate cyclase
activity [19].

Given the issues with reversing the cardiovascular effects
of LAST, early recognition prior to the onset of cardiovascular
toxicity may be beneficial. However, in the pediatric-aged pa-
tient, regional anesthesia is generally used in association with
general anesthesia with or without neuromuscular blockade.
Therefore, the early CNS signs and symptoms of LAST may
not be appreciated such that the first manifestation of an acci-
dental systemic injection or rapid bolus may be cardiovascular
collapse [20, 21]. Furthermore, general anesthesia may also
adversely affect the pharmacokinetics and distribution of local
anesthetic agents thereby increasing the potential for systemic
toxicity [22, 23].

Our three cases demonstrate the potential benefit of avoid-
ing the concomitant use of general anesthesia with regional
anesthesia. Given the location of the surgical procedure, these
cases are easily amenable to a regional anesthetic technique.
Nevertheless, as opposed to the routine practice in the adult
population, the convention for pediatric patients is to frequent-
ly provide a general anesthetic and use the regional only as an
adjunctive technique. Our experience has clearly demonstrated
that infants and children are able to tolerate regional anesthesia
without general anesthesia and frequently without sedation. As
our three patients were not anesthetized, sedated or receiving
a neuromuscular blocking agent, LAST was identified early
by a seizure. The propagation of the seizure activity immedi-
ately ceased after intervention, which we postulate prevented
progression to cardiovascular decompensation by maintaining
metabolic homeostasis with early airway intervention or early
cessation of the infusion. Prevention of acidosis and hypoxia
with adequate seizure control and airway management in the
setting of LAST has been shown to prevent the progression to
cardiovascular collapse [24]. In our third patient, the onset of
seizure activity not only alerted us to the presence of LAST
for an immediate termination of the infusion, but also allowed
recognition of a program error that involved the administra-
tion of 1.5 times the appropriate amount of chloroprocaine.
This resulted in immediate treatment of the seizure and dis-
continuation of the chloroprocaine infusion through the caudal
epidural catheter before the onset of cardiovascular toxicity.
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In addition, our practice for continuous epidural infusions in
infants and children less than 1 year of age routinely includes
the use of chloroprocaine [25, 26]. If an amide local anesthetic
of the amide class (bupivacaine or ropivacaine) had been used,
there would likely be a higher risk of cardiovascular collapse.
Chloroprocaine is rapidly metabolized and only transient toxic
effects have been reported for a similar clinical scenario [27].

In the most recent analysis from the Pediatric Regional
Anesthesia Network of more than 100,000 blocks, the inci-
dence of local anesthetic toxicity was 0.76 per 10,000 with the
majority of cases occurring in infants [5]. Severe LAST oc-
curred in seven cases, five of which were infants. The cases all
included the use of regional anesthesia with general anesthesia
or sedation and presented as cardiovascular collapse (n =4) or
seizures (n = 3) with some requiring the initiation of intralipid
and inotropic support. These data demonstrate that infants less
than 6 months are at higher risk for LAST, and that it is often
not a consequence of excessive dosing, but rather other factors
such as unrecognized systemic injection, rapid absorption and
distribution, or decreased hepatic a,-acid glycoprotein synthe-
sis in young infants [5]. Our case series support these findings,
and show the benefit of having an awake patient under regional
anesthesia to allow for early recognition of LAST, discontinu-
ation of an ongoing infusion, and appropriate intervention to
prevent hypoxia or acidosis prior to possible progression to
cardiovascular collapse. However, should cardiovascular tox-
icity occur, rapid treatment using a standard intralipid is rec-
ommended [7].

Excessive dosing was the most likely cause of seizure in
our third reported case. In the former two cases, despite a care-
ful administration technique that elicited appropriate negative
aspiration, an apparent inadvertent systemic injection occurred
during the dorsal penile nerve blocks, demonstrating that
even with appropriate technique and dose calculation, LAST
can occur if systemic administration is rapid. With increased
awareness of LAST and use of techniques to prevent its occur-
rence, the overall incidence of LAST seems to be decreasing.
However, this may not be the case with specific blocks such as
the dorsal penile nerve block, where rapid absorption of local
anesthetic agents may occur [28]. With the overall decrease
in the number of LAST cases, those related to dorsal penile
nerve blocks may be proportionally increasing, leading some
practitioners to suggest that a lower dose of bupivacaine (1.25
mg/kg) should be used [28].

Despite the episodes described in our three patients, they
did not have an increase in their expected length of stay, and
they were discharged home the same day after observation in
the PACU. No long-term sequelac were noted on follow-up
visits. The high safety profile for performing spinal anesthesia
in awake pediatric patients is enhanced through early detection
of LAST, which permits expeditious intervention, immediate
treatment and maintenance of homeostasis to prevent possible
progression to cardiovascular collapse.
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