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Abstract: Although generally safe and effective, severe perioperative complications, including 

cardiac arrest, may occur during general anesthesia in infants. 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, including spinal anesthesia. We present 

a case of cardiac arrest during general anesthesia in an infant who required urologic surgery. 

During the subsequent anesthetic care, spinal anesthesia was offered as an alternative to gen-

eral anesthesia. The risks of severe perioperative complications during general anesthesia are 

reviewed, etiologic factors for such events are presented, and the use of spinal anesthesia as an 

alternative to general anesthesia is discussed. 
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Introduction
In 1899, August Bier reported the successful use of spinal anesthesia in an 11-year-

old child during excision of a tumor on the thigh.1 This initial report was followed 

by the publication in the early 1900s of two case series regarding the use of spinal 

anesthesia in infants and children.2,3 However, despite its popularity in adults, the 

technique never gained great popularity in pediatric anesthesia until the 1980s when 

it was shown to be a suitable alternative to general anesthesia in the high-risk, former 

preterm neonate.4–9  In this population, spinal anesthesia was suggested as a means of 

limiting the incidence of postoperative complications, especially apnea and respiratory 

insufficiency, which were noted following general anesthesia with halothane.10 How-

ever, once again the enthusiasm waned as the risk of apnea was shown to be limited 

with the new volatile anesthetic agents, sevoflurane and desflurane.11,12 The resurgence 

in popularity of spinal anesthesia has occurred for a number of reasons that are not 

limited to postoperative apnea.

New medications, improved monitoring modalities, and advancements in pediatric 

anesthesiology training have all contributed to the safety of contemporary pediatric 

anesthesia practice. However, despite these issues, perioperative cardiac arrest may 

occur during anesthetic care. Age is one of the several risk factors that has been repeat-

edly noted to be associated with an increased risk of perioperative cardiac arrest.13–18  

More recently, concern has been expressed, based on animal models and retrospective 

cohort studies, regarding the potential neurocognitive effects of general anesthesia 

during neonatal period of infancy.19–21 Despite reassuring results from recent, prospec-

tive clinical trials in Sun et al,22 there has been a renewed interest in the use of spinal 
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anesthesia as a means of avoiding general anesthesia during 

the potentially vulnerable time period.23–25 

We present a case of cardiac arrest during general anes-

thesia in an infant who required urologic surgery. During the 

subsequent anesthetic care, spinal anesthesia was offered as 

an alternative to general anesthesia. The risks of severe periop-

erative complications during general anesthesia are reviewed, 

etiologic factors for such events are presented, and the use 

of spinal anesthesia as an alternative to general anesthesia is 

discussed.

Case report
According to the Nationwide Children’s Hospital Institu-

tional Review Board (Columbus, OH, USA), approval is not 

required for presentation of single case report. The child’s 

parents provided written informed consent for the publication 

of this case report. 

At the time of the initial surgery, the patient was an 

8-month-old, 9.4 kg boy scheduled for diagnostic laparoscopy 

and bilateral orchidopexy. The patient had a known history 

of proximal hypospadias and bilateral nonpalpable testes, 

but was otherwise well. He had no allergies. His medication 

history was significant only for cetirizine, which he took for 

seasonal allergies. Preoperative laboratory studies were not 

performed. His vital signs on the morning of the procedure 

were unremarkable, and the child had been NPO for 5 hours 

(clear liquids) and >8 hours for solids. The patient underwent 

an uneventful inhalation induction with the incremental 

administration of sevoflurane up to 8% in 100% oxygen. A 

22-gauge peripheral intravenous catheter was placed in the 

right foot and propofol (50 mg) was administered intrave-

nously to deepen the level of anesthesia and allow for endotra-

cheal intubation without the use of a neuromuscular blocking 

agent. Direct laryngoscopy followed by endotracheal intu-

bation with a 4.0 mm cuffed tracheal tube was performed 

without difficulty. Transition to maintenance anesthesia with 

isoflurane was initiated. Isoflurane was used for maintenance 

of anesthesia to minimize cost to the patient and to provide 

smooth emergence. Fentanyl (2.5 µg/kg) and dexametha-

sone (0.5 mg/kg) were administered intravenously. The first  

35 minutes under general anesthesia were uneventful. A 5 mm 

port was placed in the umbilicus using an open technique. A 

Veress needle was not used. Coincident with the initiation of 

insufflation for laparoscopy, there was a sudden and marked 

decrease in the end-tidal carbon dioxide (ETCO
2
) as well as 

a progressive decrease in heart rate and exhaled tidal volume. 

At this time, the end-tidal isoflurane concentration was 1.1%.  

Glycopyrrolate (0.1 mg) was administered intravenously 

while breath sounds were auscultated. It was determined that 

an endobronchial intubation had occurred. The ETCO
2
, heart 

rate, and tidal volumes recovered as the endotracheal tube was 

repositioned. It was also noted that, during the event, there 

was a loss of the pulse oximeter plethysmograph waveform, 

which recovered with the increase in heart rate and ETCO
2
 

after repositioning of the endotracheal tube. Laparoscopic 

findings included bilateral intra-abdominal testes, and the 

total laparoscopy time was ~5 minutes. The laparoscopy port 

was removed and the umbilical incision closed. A left ingui-

nal incision was made, the abdomen entered, and an initial 

mobilization of the testis begun. Approximately 10 minutes 

later, there was again a sudden and marked decrease in 

ETCO
2
, an erratic heart rate with precipitous bradycardia, 

and loss of pulse oximeter plethysmograph waveform. At 

this time, the end-tidal isoflurane concentration was 0.7%. 

Atropine (0.1 mg) was administered intravenously and chest 

compressions were initiated with return of spontaneous cir-

culation in <1 minute. Surgery was suspended (the inguinal 

incision rapidly closed with the testis left in the inguinal 

canal) and the patient was observed in the operating room. 

An intra-operative chest radiograph was normal. The surgi-

cal procedure was cancelled, the patient’s trachea was left 

intubated, and he was transferred to the pediatric intensive 

care unit for further management and evaluation. With the 

discontinuation of the anesthetic agents, the patient quickly 

regained consciousness and his trachea was extubated shortly 

after arrival to the pediatric intensive care unit. His vital signs 

and physical examination were normal. 

A postoperative electrocardiogram and echocardiogram 

were normal, as were a complete blood count and compre-

hensive metabolic profile. The patient was found to have a 

positive nasal swab for coronavirus, adenovirus, and entero-

virus, though he exhibited no symptoms of a viral infection. 

He was discharged to home 24 hours later with no obvious 

untoward sequelae. A follow-up with pediatric cardiology 

revealed no evidence of structural or functional heart disease, 

and they recommended no further evaluation. The patient 

was scheduled to return for the previously cancelled surgi-

cal procedure (open bilateral orchidopexy) 3 months later at 

the age of 11 months. Given that the patient’s cardiac arrest 

did not have a clear etiology, the surgical team and parents 

were interested in alternatives to general anesthesia for 

this medically-indicated surgery. At Nationwide Children’s 

Hospital, given the concerns for the potential neurocogni-

tive effects of general anesthesia in infants, a busy spinal 
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anesthesia program has been developed. The parents were 

enthusiastic about the possibility of avoiding general anesthe-

sia and informed consent was obtained for spinal anesthesia. 

On the morning of presentation for the second surgery, the 

patient’s weight was 10.3 kg and his vital signs were normal. 

There was no history of recent viral illness and the patient 

appeared well. In the preoperative area, LMX® cream (4% 

topical lidocaine; Ferndale Laboratories Inc, Ferndale, MI, 

USA) was applied to the lumbar area to minimize discomfort 

with the placement of the spinal needle. After arrival to the 

operating room, the patient was placed in the sitting position. 

After sterile preparation, the intrathecal space was accessed 

on the first attempt, using a 1.5-inch, 22-gauge spinal needle. 

Upon return of cerebrospinal fluid, 1 mL of 0.5% isobaric 

bupivacaine containing clonidine (10 µg) was administered. 

We typically add clonidine to the local anesthetic in order to 

provide long-lasting pain relief after surgery. The patient was 

then placed in the supine position, standard American Society 

of Anesthesiologists’ monitors were placed, and a 22-gauge 

peripheral intravenous catheter was placed in the left foot. 

Immediate motor and sensory block were noted. The surgery 

was started and initial operating conditions were excellent. 

Due to the patient’s irritability, a single dose of dexmedeto-

midine (7.5 µg) was administered intravenously during the 

first 15 minutes of the procedure. Dexmedetomidine is our 

first-line sedative of choice (if sedatives are needed) due to 

its minimal respiratory depression. Thereafter, the surgery 

(bilateral inguinal orchidopexy) was able to be completed 

with excellent operating conditions. The patient was hemo-

dynamically stable throughout the operation, which lasted 

~1 hour and 25 minutes. He required no further sedation. 

His post-anesthesia care unit stay was uncomplicated, and 

he was discharged to home that afternoon without incident.

Discussion
The incidence of cardiac arrest in pediatric patients undergo-

ing general anesthesia has been reported as 1.4 per 10,000, 

with only 28% surviving to hospital discharge.15 Risk fac-

tors have included younger age, higher American Society 

of Anesthesiologists’ physical status, emergency surgery, 

and patients with congenital heart disease, especially those 

with pulmonary hypertension. Of the 150 cardiac arrests 

reported in the initial Perioperative Cardiac Arrest registry, 

medication-related (37%) and cardiovascular (32%) causes 

were the most common, together accounting for 69% of all 

arrests.15 Cardiovascular depression from halothane, alone or 

in combination with other medications, was responsible for 

two-thirds of all medication-related arrests, being the most 

common etiologic factor identified. With the transition from 

halothane to sevoflurane for the inhalational induction of 

anesthesia, there was a shift noted in the Perioperative Car-

diac Arrest registry regarding the etiology of perioperative 

cardiac arrest.16 Medication-related cardiac arrests accounted 

for 18% of all arrests, compared with 37% from the previous 

survey.15,16 Cardiovascular causes of cardiac arrest are now the 

most common (41% of all arrests), with hypovolemia from 

blood loss and hyperkalemia from the rapid transfusion of 

blood being the most commonly identified etiologies. 

In our patient, there were several potential etiologic fac-

tors which may have been responsible for the sudden hemo-

dynamic deterioration. In the pediatric population in general, 

airway events with hypoxemia remain the most common 

etiology of bradycardia. However, in our patient, there was 

no change in oxygen saturation until after the development of 

bradycardia and decreased cardiac output. Although gener-

ally demonstrated to be safer than halothane, sevoflurane or 

isoflurane can result in negative inotropic and chronotropic 

effects, especially with higher inhaled concentrations.26,27  

These effects may be magnified by the administration of other 

medications with negative inotropic and chronotropic effects, 

such as propofol, or in the setting of hypovolemia related to 

a prolonged preoperative period of fasting.28 At the time of 

these events, the end-tidal isoflurane concentration was well 

within the concentrations routinely used for maintenance 

anesthesia (1.1% and 0.7%) and therefore unlikely to be the 

primary etiology of the cardiovascular decompensation. The 

first episode of bradycardia occurred during the initial insuf-

flation for laparoscopy. Although bradycardia may occur in 

relation to augmentation of vagal afferents during insuffla-

tion, and preload may decrease in relation to the increased 

intra-abdominal pressure, such profound hemodynamic 

changes are uncommon with laparoscopy.29–31 Furthermore, a 

second intraoperative episode occurred after laparoscopy and 

insufflation were discontinued. Other less common etiologic 

factors which may lead to such intraoperative complications, 

such as inherited or acquired cardiac diseases, were ruled 

out postoperatively by our pediatric cardiology colleagues 

as our patient had a normal echocardiogram and a normal 

electrocardiogram.

Given the lack of a clear etiologic event in our patient, the 

option of proceeding with spinal anesthesia was discussed 

and offered to the parents when our patient returned. As the 

decision was made to proceed with spinal anesthesia, the 

surgical procedure was converted to an open procedure given 
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the potential respiratory effects of insufflation without airway 

control and mechanical ventilation. The obvious concern 

regarding the use of spinal anesthesia in this scenario was 

the potential for adverse effects on hemodynamic function. 

However, spinal anesthesia (even high blockade) has limited 

effects on hemodynamic function in infants and children 

<6 years of age.32–34 This has traditionally been attributed to the 

incomplete development of the sympathetic nervous system 

in infants.34  However, analysis of heart rate variability during 

the administration of spinal anesthesia in infants suggests that 

the reflex response to high spinal anesthesia is a primarily 

diminished parasympathetic tone that offsets the blockade of 

sympathetic function.35 In our patient, no clinically significant 

changes in heart rate, blood pressure, or oxygen saturation 

were noted after the administration of spinal anesthesia. 

Despite these data, the potential for hemodynamic changes 

should always be considered and appropriate monitoring 

employed with ready access to resuscitation medications if 

needed. For obvious reasons, we selected spinal anesthesia in 

the patient due to spinal anesthesia’s remarkable cardiovascu-

lar stability, which has been well documented.

With a well-trained, multidisciplinary team of pediatric 

anesthesiologists, surgeons, and nursing staff, the use of 

spinal anesthesia in these high-risk patients and the general 

population will be met with high patient safety outcomes and 

parent satisfaction. Given our center’s extensive experience 

with spinal anesthesia, we are comfortable and facile with the 

placement of an intravenous cannula in an anesthetized foot 

or leg after the placement and onset of spinal anesthesia. The 

safety of this practice is supported by the limited or absent 

incidence of hemodynamic changes related to spinal anesthe-

sia in infants. This practice is the same as that followed by 

the only other center in the US with a large spinal anesthesia 

program (Dr R Williams, The University of Vermont, personal 

communication, September, 2015). The authors would not 

suggest or condone such a practice in the absence of signifi-

cant experience with spinal anesthesia in neonates and infants. 

Spinal anesthesia in high-risk pediatric patients has 

been described in prior studies, but the focus of these stud-

ies has been avoidance of apnea in ex-preterm infants or, 

more recently, as a means of avoiding the potential negative 

neurocognitive effects of general anesthetic agents. Spinal 

anesthesia is appropriate in many cases where avoidance of 

general anesthesia is desired, regardless of the reason. In 

our patient, spinal anesthesia provided several advantages, 

including intraoperative hemodynamic stability, effective 

surgical anesthesia, elimination of the need for opioids 

or inhalation anesthetic agents, patient immobility, and 

adequate operating conditions without the use of neuromus-

cular blocking agents.32–34,36,37
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