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Abstract
Coronavirus disease 2019 (COVID-19) has affected anesthetic care worldwide, including the provision of anesthesia for 
pediatric patients. Hospitals have balanced the risks associated with the potential surges of resource-intensive COVID-19 
patients against the probable morbidity of delaying elective surgical procedures. These decisions are complicated by the 
unclear influence that COVID-19 has on the perioperative risk for disease-positive pediatric patients. We conducted a com-
prehensive literature search on MEDLINE for publications involving pediatric patients with COVID-19 who underwent 
general anesthesia. A total of eight publications met inclusion criteria, and together described 20 patients. Nine patients had 
documented preoperative COVID-19 symptoms and one perioperative death was reported. Overall, further studies are needed 
to increase patient numbers and properly assess the perioperative risk. As we continue to provide care without clear guiding 
data, we present a discussion of modified anesthetic techniques for pediatric patients with suspected or confirmed COVID-19.
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Introduction

In North America, most pediatric hospitals canceled or 
delayed elective surgeries at the onset of the coronavirus 
disease 2019 (COVID-19) pandemic in an effort to pre-
serve health-care resources for an anticipated surge of 
high-needs COVID-19 patients, and to prevent the spread 
of the disease in hospitals [1]. This strategy kept hospital 
bed and intensive care unit occupancy below capacity, but 
at the cost of extending elective surgery wait times. Delays 
in elective surgeries become problematic when prolonged 

extensions affect the efficacy of the surgical outcome, or 
when additional patient morbidity is incurred as a result 
of the delayed repair of the underlying condition. The lat-
ter may cause emergent patient admission to facilitate the 
awaited surgical procedure and to deal with the newly cre-
ated complications. For instance, a wait time for surgery 
of more than 14 days from diagnosis was associated with a 
doubling of the risk of hernia incarceration among infants 
and young children with inguinal hernia [2]. The concerns 
for compromised patient outcomes from delayed procedures 
has prompted many jurisdictions to resume elective surger-
ies before the pandemic has ended, requiring a balance with 
the risks of viral transmission. The aim of this review is to 
highlight concerns unique to pediatric anesthesia practice in 
the context of COVID-19 and to develop solutions to these 
challenges with the best currently available evidence.

Perioperative outcomes in children with COVID‑19

An international, multicentre, cohort study conducted dur-
ing the early phase of the COVID-19 pandemic examined 
adults who were diagnosed with COVID-19 within a time 
period spanning seven preoperatively to 30 days postopera-
tively. Significantly, major perioperative outcomes included 
an astounding 23.8% mortality rate at postoperative day 30 
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and a 51.2% incidence of pulmonary complications, includ-
ing pneumonia and unexpected postoperative ventilation 
[3]. This singular manuscript provides some insight into the 
perioperative risks for adults with COVID-19, but no similar 
cohort data is available for outcomes in children. Thus, we 
conducted a comprehensive literature search through MED-
LINE on July 7th, 2020, containing sets of terms reflect-
ing our topic of interest including the disease (COVID-19, 
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2)), perioperative period, and pediatric patients, which 
yielded 152 abstracts (Supplementary online resource 1). 
Out of these abstracts, we identified 7 case reports/series 
[4–10] and 1 retrospective cohort study [11].

Table 1 summarizes a total of 20 pediatric patients with 
diagnosed COVID-19 who underwent general anesthesia. 
Out of 20 patients, 12 required emergent surgeries and 9 
patients had preoperative symptoms such as cough, fever, 
rhinorrhea, or diarrhea. Three patients who required nonin-
vasive ventilation postoperatively did not have any preop-
erative symptoms, and were subsequently diagnosed with 
COVID-19 [4, 7, 8]. One patient mortality occurred, as a 
result of small bowel necrosis secondary to intussusception, 
and concurrent acute respiratory failure due to COVID-19 
pneumonia [6]. Although not insignificant, the rates and 
severity of negative perioperative outcomes in children are 
less than adults, but based on limited reported data. Further 
research is warranted to properly describe perioperative risks 
and outcomes in children diagnosed with COVID-19.

Preoperative evaluation in children

The transmission of SARS-CoV-2 is a significant concern 
for anesthesiologists and other personnel performing (or 
near) an aerosol generating procedure (AGP). An evaluation 
of SARS-CoV transmission during endotracheal intubation 
found a significant risk of viral transmission to health-care 
workers performing the procedure (Odds Ratio [95% Con-
fidence Intervals]: 6.6 [4.1–10.6]), and a lower but signifi-
cant risk of transmission during bag-mask ventilation (Odds 
Ratio [95% Confidence Intervals]: 2.8 [1.3–6.4]) [12]. The 
risk to pediatric care providers is increased by the higher 
level of asymptomatic carriers in the young (up to 50%) 
[13] and the relative insensitivity of the most-widely uti-
lized SARS-CoV2 testing methods (reverse transcriptase 
polymerase chain reaction, with a sensitivity of only 70%) 
[14]. Additionally, there is evidence that asymptomatic car-
riers have very similar upper respiratory tract viral loads to 
symptomatic patients [15, 16], and that the virus may be 
shed in pediatric patient stool (although viral viability has 
not been established) [17].

When compared with those performing an AGP in adult 
patients, pediatric clinicians must then modify standard tech-
niques to minimize the generation of aerosols and droplets, 

ensuring the use of personal protective equipment (PPE) 
[14] even in patients who fail to show signs of disease or 
who have a negative SARS-CoV-2 diagnostic test. In a retro-
spective analysis of 1295 patients presenting for surgery, less 
than one percent tested positive for SARS-CoV-2 (9 patients 
in total) [11]. Patients with COVID-19 had a higher inci-
dence of preoperative symptoms (50% vs. 12.2%), includ-
ing a fourfold higher risk of fever and an eight-fold higher 
risk of cough, as compared to the patients that tested nega-
tive, providing predictive value. For the purposes of safety 
during AGPs, these findings also lower the importance of 
preoperative viral testing for pediatric patients, as similar 
precautions should be taken with or without a negative test. 
They do not negate the importance of identifying COVID-19 
positive patients for the purposes of peri-operative isolation, 
as a potential contributor to postoperative outcomes, or for 
contract tracing.

A multisystem inflammatory syndrome (MIS) has been 
described in children, temporally associated with SARS-
CoV-2 infection, although the causative link has not been 
established [18, 19]. Patients with MIS, described as similar 
to Kawasaki Disease with systemic inflammation and poten-
tially coronary artery aneurysms, have an astoundingly high 
incidence of myocardial dysfunction (38–50%) and a need 
for inotropic support and fluid resuscitation (48–79%). The 
induction of anesthesia can induce significant hemodynamic 
instability, especially in patients with underlying cardiac 
dysfunction. Consideration for the presence of MIS should 
be taken before the start of anesthesia, as this may modify 
the induction technique or drug choice.

The induction of general anesthesia in children

Parental presence at induction is routinely used as a method 
to reduce the anxiety at the induction of anesthesia in chil-
dren; however, the practise increases the use of PPE supply 
and potentially increases health-care provider virus exposure 
from the caregiver [20]. Sedative premedication is recom-
mended to minimize anxiety and the risk of crying with 
subsequent aerosol generation. If no intravenous route for 
sedation is available, other routes of administration (oral 
or intranasal) may require a careful assessment of risks 
and benefits. Intranasal administration has been cautioned 
against because of concerns for induced coughing, although 
this complication is relatively rare [21]. It is important to 
highlight that bitter-tasting oral solutions containing mida-
zolam will also induce responses such as spitting, coughing, 
and crying [22].

A unique consideration for pediatric anesthesia is the 
usual practise of performing inhalational inductions in 
patients presenting without intravenous access. Although an 
intravenous technique may be preferred to minimize aero-
sol generation during induction [20], especially in children 
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with a high risk for perioperative respiratory events [23], 
the process of securing intravenous access preoperatively 
in children could itself cause crying and generate aerosols 
and droplets. However, the excitation phase of inhalational 
induction can also induce coughing or breath holding, neces-
sitating bag mask ventilation, which itself generates further 
aerosols. The decision of the method of induction will there-
fore be patient- and anesthesiologist-dependent after a bal-
ance of the risks and benefits in each specific situation [24]. 
When proceeding with an inhalational induction, there is 
suggestion that the induction time can be shortened using a 
higher initial concentration of sevoflurane, with no signifi-
cant increase in undesirable effects such as cough, laryngo-
spasm, or breath holding [25]. A tight seal with the facemask 
and avoiding high gas flows may be beneficial to minimize 
any exposure to personnel in the room.

For an intravenous induction of anesthesia, a rapid 
sequence technique can help avoid bag-mask ventilation 
and coughing [26]. Techniques such as video laryngoscopy 
have been recommended to place the intubator’s face further 
away from the patient, however this must be balanced with 
the comfort level of the anesthesiologist with different laryn-
goscopy techniques in children and the relative speed and 
first-pass success rate of securing the airway. “Intubation 
box” or “aerosol box” was proposed to protect an intubator 
against exposure to a spread of droplets and aerosols gen-
erated from the coughing of a patient during endotracheal 
intubation [27]. The box works by covering a patient’s head 
with a transplacental plastic cube, and an intubator can oper-
ate the airway procedure through two circular ports. The 
safe use of such a box, however, is not established yet [28].

Table 2 summarizes in considerations for modification 
of anesthetic technique in pediatric patients with suspected 

or confirmed COVID-19. Consensus guidelines have been 
published for airway management in pediatric patients with 
suspected or confirmed COVID-19 [20].

Emergence and extubation in pediatric anesthesia 
in the COVID‑19 era

Equal consideration should be given to patient extubation to 
minimize the droplet and aerosol generation, with a compa-
rable or higher risk of respiratory complications as compared 
to intubation [29]. Although it is unclear whether there is a 
benefit to deep extubation of patients, it has been predicted 
as protective for aerosol generation [20]. One meta-analysis 
has shown that deep extubation in pediatric patients may be 
protective against coughing and desaturation but may lead to 
increased airway obstruction [30], and second study showed 
that deep extubation was associated with an increased risk of 
severe respiratory critical events [31]. Adjunctive medica-
tions to minimize coughing after extubation can also be con-
sidered, including dexmedetomidine, remifentanil, fentanyl, 
or lidocaine [32]. Although nonspecific, patients with severe 
COVID-19 have substantially higher inflammatory markers 
(CRP, procalcitonin), as compared to those with mild disease, 
which may provide predictive value for postoperative compli-
cations [33].

Ideally, patients with confirmed COVID-19 should be 
recovered in a negative pressure recovery room [34]. If una-
vailable, then recovery within the operating room should 
occur, with the additional benefit of minimizing transport and 
exposure to other areas of the hospital. Many advisories have 
recommended the prolonged wearing of N95 masks for con-
servation of PPE supplies [35]. For cases of confirmed or high 
suspicion COVID-19, however, all PPE, including N95 masks, 

Table 2  Considerations for modification of anesthetic technique in pediatric patients with suspected or confirmed COVID-19

Prevent aerosol and droplet generation Minimize exposure

Preoperative Minimize crying—premedication, nonpharmacologic anxiolysis (distrac-
tion techniques, videos, games), topical anesthetic for IV insertion

Discuss delaying procedure until acute infection has 
resolved (if possible)

Appropriate donning of Personal Protective Equip-
ment

Induction IV induction—Consider Rapid Sequence Induction (RSI), avoid or mini-
mize Bag Mask Ventilation

Inhalational induction—Tight seal, avoid high flows

Avoid Parental Presence at Induction
Minimal staff present

Extubation Prevent coughing—deep extubation, adjuncts (dexmedetomidine, lido-
caine, opioids)

Minimal staff present

Postoperative Recover in Negative Pressure Isolation Room or in the Operating Room Minimize transport throughout hospital
Appropriate doffing of Personal Protective Equipment
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should be doffed completely to minimize further exposure risk. 
Cleaning of the operating rooms afterwards should be thor-
ough, with the approach of an “enhanced terminal cleaning” 
[36].

Conclusion

The provision of anesthesia for the pediatric population dur-
ing COVID-19 possesses unique challenges. Although the 
documented incidence of disease is lower in children, the high 
asymptomatic carrier rate increases the risk of viral transmis-
sion to other patients and care providers. A lower disease inci-
dence puts greater emphasis on an integrated and real-time 
translation of knowledge and experience to ensure the ongoing 
safe provision of necessary patient care during an uncertain 
period [37]. Anesthesiologists should continue to adopt their 
expertise to each pediatric patient, according to the patient’s 
individual characteristics and the environment of their anes-
thesia practice, until enough evidence emerges to advocate for 
specific initiatives in the optimal perioperative care for chil-
dren during COVID-19.
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