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Abstract
Objective  To quantify the risk of adverse postoperative outcomes in pediatric patients with COVID-19 infection.
Methods  We searched PubMed, Embase, Cochrane Library from December 2019 to 21 April 2023. Observational cohort 
studies that reported postoperative early mortality and pulmonary complications of pediatric patients with confirmed COVID-
19-positive compared with COVID-19-negative were eligible for inclusion. We excluded pediatric patients underwent organ 
transplantation or cardiac surgery. Reviews, case reports, letters, and editorials were also excluded. We used the Newcas-
tle–Ottawa Scale to assess the methodological quality and risk of bias for each included study. The primary outcome was 
postoperative early mortality, defined as mortality within 30 days after surgery or during hospitalization. The random-effects 
model was performed to assess the pooled estimates, which were expressed as risk ratio (RR) or mean difference (MD) with 
95% confidence intervals (CI).
Results  9 studies involving 23,031 pediatric patients were included, and all studies were rated as high quality. Compared 
with pediatric patients without COVID-19, pediatric patients with COVID-19 showed a significantly increased risk of post-
operative pulmonary complications (PPCs) (RR = 4.24; 95% CI 2.08–8.64). No clear evidence was found for differences in 
postoperative early mortality (RR = 0.84; 95% CI 0.34–2.06), postoperative intensive care unit (ICU) admission (RR = 0.80; 
95% CI 0.39–1.68), and length of hospital stay (MD = 0.35, 95% CI -1.81–2.51) between pediatric patients with and without 
COVID-19.
Conclusion  Perioperative COVID-19 infection was strongly associated with increased risk of PPCs, but it did not increase 
the risk of postoperative early mortality, the rate of postoperative ICU admission, and the length of hospital stay in pediatric 
patients. Our preplanned sensitivity analyses confirmed the robustness of our study findings.
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Introduction

Coronavirus Disease 2019 (COVID-19) is a highly conta-
gious respiratory disease caused by severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2), which has rapidly 
swept worldwide since its outbreak in December 2019. 
The disease has presented an unprecedented challenge to 

global healthcare systems regarding the perioperative care 
of patients. Multiple studies have reported that adults with 
perioperative COVID-19 infection have a higher risk of mor-
tality and postoperative pulmonary complications (PPCs) 
such as pneumonia, acute respiratory distress syndrome 
(ARDS), or unexpected postoperative ventilation [1–6]. 
According to the American Society of Anesthesiologists 
and Anesthesia Patient Safety Foundation Joint Statement, 
elective surgery should be delayed for 7 weeks after a SARS-
CoV-2 infection, while emergent surgery should weigh the 
risk of postoperative complications with the urgency of the 
procedure [7].

However, children seem less affected by COVID-19 and 
rarely experience severe symptoms compared to adults 
[8, 9]. Additionally, the data suggest that children with 
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COVID-19 infection have less severe postoperative com-
plications and mortality than adult patients [10, 11]. Thus, 
routinely postponing surgeries may confer additional risk 
to children in some cases. For example, delaying elective 
inguinal hernia repair may increase the risk of incarceration 
[12] and delay diagnosis in the emergency department [13].

A complete understanding of the impact of COVID-19 
infection on postoperative outcomes for pediatric patients 
can assist managers in making perioperative management 
decisions and help clinicians and families weigh the risk 
of undergoing surgery in the setting of infection against the 
risk of delaying the procedure. Therefore, to solve this prob-
lem, we performed a systematic review and meta-analysis 
of observational studies to quantify the risk of adverse post-
operative outcomes in pediatric patients with COVID-19 
infection.

Methods

This study was performed in accordance with the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines [14]. The protocol was registered in 
the International Prospective Register of Systematic Reviews 
(registration number: CRD42023415519).

Search strategy

We searched PubMed, Embase, Cochrane Library from 
December 2019 to 21 April 2023 with the search terms: 
(“Pediatric*” or “Child*”) and (“COVID-19” or “SARS-
CoV-2”) and (“Postoperative Complication*” or “Postan-
esthesia outcome*” or “Mortality”). The details of search 
strategy were listed in Online Resource 1. References of 
included articles and relevant reviews or meta-analyses were 
manually searched to find additional studies. There were no 
language restrictions.

Selection criteria

Two reviewers (Q.Z. and Q.H.) independently performed an 
initial eligibility screen of titles and abstracts of all retrieved 
articles. The full texts of potentially eligible articles were 
then retrieved and assessed. In cases of disagreement, a third 
reviewer (T.G.) was consulted. We included observational 
cohort studies that reported postoperative early mortality 
and pulmonary complications of pediatric patients with 
confirmed COVID-19-positive compared with COVID-
19-negative. Studies in which pediatric patients underwent 
organ transplantation or cardiac surgery were excluded. 
Additionally, reviews, case reports, letters, and editorials 
were excluded.

Data extraction

Two reviewers (Q.Z. and Q.H.) independently extracted data 
from the included studies using a standardized extraction 
form. In cases of disagreement, a third reviewer (T.G.) was 
consulted. Only data from the most recent study or the one 
with the largest sample size was extracted when a study was 
reported twice or more. The following data were extracted: 
author and publication year, location of the study, study 
design, data collection period, sample size, characteristics 
of participants, diagnostic criteria of COVID-19 infection, 
anesthesia and surgical details, and duration of follow-up. 
The primary outcome was postoperative early mortality, 
defined as mortality within 30 days after surgery or during 
hospitalization. Secondary outcomes were PPCs, postop-
erative intensive care unit (ICU) admission, and length of 
hospital stay.

Quality assessment

Two reviewers (Q.Z. and Q.H.) independently used the 
Newcastle–Ottawa Scale (NOS) to assess the methodologi-
cal quality and risk of bias for each included study [15]. 
Studies were judged on three perspectives: selection (range 
0–4), comparability (range 0–2), and outcome (range 0–3). 
The total score ranges from 0 to 9, and the high-quality study 
was defined as NOS scores greater than 5 [16, 17]. (Online 
Resource 2).

Data synthesis and analysis

We analyzed data in accordance with the recommended 
methods in the Cochrane Handbook [18]. The strength of 
the relation between COVID-19 infection and postopera-
tive mortality or pulmonary complications was expressed 
as risk ratio (RR) with 95% confidence intervals (CI). For 
continuous outcomes, we selected mean difference (MD) as 
effect measure. Statistical significance was assessed by the Z 
test, and P < 0.05 was considered significant. Heterogeneity 
between studies was assessed using the Cochrane Q statis-
tic and the inconsistency index (I2) statistic. We combined 
the effect measures across studies using the random-effects 
model, considering anticipated clinical heterogeneity among 
included studies, such as the diagnosis criteria for COVID-
19, the definition of PPCs, and the length of follow-up. To 
explore possible sources of heterogeneity, we had planned 
subgroup analyses for factors that could potentially affect 
outcomes: country status (developing or developed country), 
risk of bias (low or high), and time of diagnosing COVID-19 
(within or over 7 days before the procedure). To evaluate the 
robustness of the pooled results, sensitivity analyses were 
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performed by omitting each study individually and recalcu-
lating the pooled estimates for the remaining studies. Pub-
lication bias was assessed by funnel plot and Egger test. 
All analyses were performed by Review Manager (RevMan 
Version 5.3).

Results

Study selection and characteristics

Of the 6065 studies identified, 5537 studies were eligible for 
initial title and abstract screening. Of these, 70 studies were 
eligible for full-text review. Since one study was reported 
twice [19, 20], the most recent version was included [20]. 
Ultimately, 9 studies involving 23,031 pediatric patients met 
the criteria and were subsequently quantitatively analyzed 
(Fig. 1) [20–28].

Characteristics of the included studies were shown 
in Online Resource 3. Of the 9 studies included, 5 were 
from the USA, 1 from India, 1 from Indonesia, and 2 were 

international multi-center studies. There were 2 prospective 
cohort studies, and 7 retrospective cohort studies with or 
without matched controls. 7 studies used laboratory diag-
nosis as the standard for diagnosing COVID-19, while 2 
studies used laboratory or clinical diagnosis (symptoms, his-
tory, physical examination, laboratory or imaging findings 
were consistent with the disease). 2 studies divided COVID-
19-positive patients into several groups according to the time 
of diagnosing COVID-19. We have undertaken a careful 
data extraction process in light of the heterogeneity issues. 
Specifically, we just extracted the data of which the time 
to COVID-19 diagnosis was 7 days [22] and 2 weeks [27] 
before procedure, respectively. Thus, the time of diagnosing 
COVID-19 ranged from 21 days before to 21 days after the 
procedure in included studies. All studies reported short-
term outcomes: 5 studies had a follow-up of 30 days, 1 study 
had 7 days, 1 study had a perioperative period, and 2 studies 
had a hospital stay. There were some variations among stud-
ies in the definition of PPCs, which were composed of sev-
eral following complications: laryngospasm, bronchospasm, 
hypoxaemia, postoperative respiratory support, ARDS, or 

Fig. 1   Study selection flow 
diagram

Records identified through database searching
(n=6046)

PubMed=1993, Embase=3846, Cochrane=207

Additional records identified through
references lists and relevant reviews

(n=19)
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Records screened for titles
and abstracts (n=5537)

Records excluded
(n=5467)

Full-text articles assessed
for eligibility

(n=70)

Records excluded with reasons:
no COVID-19 infection (n=15),

no eligible control (n=17),
duplicate publication (n=1),
cardiac surgery (n=17),

adults (n=11)
Studies included in
qualitative synthesis

(n=9)

Studies included in
quantitative synthesis

(meta-analysis)
(n=9)
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pneumonia. According to the Newcastle–Ottawa Scale, all 
studies were rated as high quality (Online Resource 4).

Characteristics of the included patients were summarised 
in Table 1. A total of 23,031 pediatric patients underwent 
surgical procedures, including 650 (2.8%) COVID-19-pos-
itive patients and 22,381 (97.2%) COVID-19-negative 
patients.

Postoperative early mortality

Across all of the 9 included studies, the overall postopera-
tive early mortality in COVID-19-positive pediatric patients 
was 0.46% (3/650) compared with 0.76% (169/22381) in 
COVID-19-negative pediatric patients. There was no sig-
nificant difference in postoperative early mortality between 
the two groups (RR = 0.84; 95% CI 0.34–2.06; P = 0.70), and 
without significant heterogeneity (I2 = 0%; P = 0.52) (Fig. 2).

PPCs

The overall incidence of PPCs in COVID-19-positive 
pediatric patients was 6.5% (39/596) compared with 1.8% 
(379/21599) in COVID-19-negative pediatric patients, 
which from 6 included studies [20–24, 27]. The most com-
mon PPC in COVID-19-positive pediatric patients was post-
operative respiratory support, with incidence rates ranging 
from 1.4% to 20.6%, followed by hypoxaemia (2.0% to 
3.6%), and then bronchospasm (2.0%) and laryngospasm 
(1.2% to 2.0%) (Online Resource 5). Pooled results revealed 
that pediatric patients with COVID-19 showed a signifi-
cantly increased risk of PPCs (RR = 4.24; 95% CI 2.08–8.64; 
P < 0.01), and without significant heterogeneity (I2 = 43%; 
P = 0.12) (Fig. 3). For further analysis, pooled results from 
3 studies [20, 23, 24] revealed that COVID-19-positive pedi-
atric patients with preoperative symptoms had significantly 
higher rates of PPCs than asymptomatic patients (RR = 2.86; 
95% CI 1.23–6.62; P = 0.01), without significant heterogene-
ity (I2 = 38%; P = 0.2) (Fig. 4).

Postoperative ICU admission

4 studies [20–22, 26] reported the rate of postoperative 
ICU admission. Our analysis revealed that the incidence of 
postoperative ICU admission was similar between pediatric 
patients with and without COVID-19 (RR = 0.80; 95% CI 
0.39–1.68; P = 0.56), and without significant heterogeneity 
(I2 = 33%; P = 0.21) (Fig. 5).

Length of hospital stay

6 studies [20–23, 25, 26] reported the length of hospital 
stay. There was no significant difference in the length of 
hospital stay between pediatric patients with and without 

COVID-19 (MD = 0.35, 95% CI -1.81–2.51; P = 0.75). Het-
erogeneity among these studies was significant (I2 = 60%; 
P = 0.03) (Fig. 6). Subgroup analyses were not performed 
due to the small number of studies in each subgroup. Further 
sensitivity analyses were performed by omitting each study 
individually and recalculating the pooled estimates for the 
remaining studies. These data showed that the heterogeneity 
was not significant (I2 = 37%; P = 0.18) only when the study 
by Geng-Ramos et al. [22] was excluded; this exclusion did 
not change the results (MD = -0.44, 95% CI -2.08–1.21; 
P = 0.60) (Online Resource 6).

Sensitivity analyses

In sensitivity analyses, all of the pooled estimates were not 
significantly different when each study was omitted indi-
vidually, suggesting that no study significantly affected the 
pooled estimates and highlighting the robustness of our find-
ings (Online Resource 7–9).

Publication bias

Because there were fewer than 10 studies, it was inappropri-
ate to conduct the funnel plot and Egger test.

Discussion

To the best of our knowledge, this report is the first sys-
tematic review and meta-analysis evaluating the associa-
tion between perioperative COVID-19 infection and post-
operative short-term outcomes in pediatric patients. Data 
from 23,031 pediatric patients indicated that the periop-
erative COVID-19 infection status did not increase the risk 
of postoperative early mortality, the rate of postoperative 
ICU admission, and the length of hospital stay. However, 
COVID-19-positive pediatric patients had about 4 times 
higher risk of PPCs compared with COVID-19-negative 
counterparts. Although there were differences among stud-
ies in the diagnosis criteria for COVID-19, the definition of 
PPCs and the length of follow-up, our results were robust to 
sensitivity analyses.

Many previous studies in adults have reported that 
COVID-19-positive patients have a much higher risk of 
PPCs and early mortality than their COVID-19-negative 
counterparts, with a range of postoperative early mortality 
from 16 to 20.5% in COVID-19-positive patients [2, 3, 5, 
6]. An international study at 235 hospitals included 1128 
adult patients which from the COVIDSurg Collaborative 
demonstrated that the incidence of PPCs and 30-day mor-
tality in COVID-19-positive patients were 51.2% and 23.8%, 
respectively, and perioperative COVID-19 infection was 
associated with high mortality [1]. At the same time, these 
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postoperative outcomes in patients with COVID-19 infection 
were substantially worse than pre-pandemic baseline rates of 
PPCs and mortality [29]. However, our meta-analysis results 
demonstrated that perioperative COVID-19 infection did not 
increase the risk of postoperative early mortality in pediat-
ric patients, with a very low postoperative early mortality 
of 0.46% compared with adults (16% to 23.8%). Although 
COVID-19 infection in pediatric patients was associated 
with a higher risk of PPCs with an incidence rate of 6.5%, 

which was much lower than that in adults (51.2%). Consist-
ent with previous studies [10, 11], a possible explanation 
for these favorable outcomes is that pediatric patients typi-
cally experience a milder disease course and better prog-
nosis of COVID-19 than adults [30–34]. Younger children 
tend to have many viral infections, and repeated viral expo-
sure may support the immune system when it responds to 
SARS-CoV-2 [31]. The immune system undergoes substan-
tial changes from birth to adulthood, which are considered 

Fig. 2   Impact of COVID-19 infection on postoperative early mortality in pediatric patients

Fig. 3   Impact of COVID-19 infection on postoperative pulmonary complications in pediatric patients

Fig. 4   Impact of preoperative symptoms on postoperative pulmonary complications in COVID-19-positive pediatric patients
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alongside the risks of different types of infection [35]. Addi-
tionally, the SARS-CoV-2 S protein binds to the angiotensin 
converting enzyme 2 (ACE2) receptor, and children may be 
protected against SARS-CoV-2 because this enzyme is less 
mature at a younger age [36].

The study from the COVIDSurg Collaborative reported 
that 51.2% of COVID-19-positive adult patients had at least 
one PPC: 40.4% had pneumonia, 21.3% had unexpected 
ventilation, and 14.4% had ARDS [1]. In our study, the 
overall incidence of PPCs was reported to be only 6.5% in 
COVID-19-positive pediatric patients, in which postopera-
tive respiratory support was the most common PPC (1.4% to 
20.6%), followed by hypoxaemia (2.0% to 3.6%), and then 
bronchospasm (2.0%) and laryngospasm (1.2% to 2.0%). The 
explanation for these differences in PPCs between adults and 
pediatrics is still unclear. Ground-glass opacities and con-
solidation involved both lungs and multiple lobes in a pre-
dominant peripheral distribution were the primary findings 
on CT scans in adult patients [37]. Although peribronchial 
distribution was uncommonly seen in both populations, it 
was relatively more frequent in the pediatric group. In addi-
tion, bronchial wall thickening was also more prevalent in 
the pediatric group [38]. These differences in distribution of 
the coronavirus infection along the respiratory epithelium 
between the two populations may explain the different PPCs 
results.

Perioperative respiratory complications are some of 
the most common events in the general pediatric popula-
tion, with incidence varying from 0.1% to 3% [39]. Recent 
upper respiratory infections (URI), which result in airway 
inflammation and sensitivity, is the most common cause of 
surgical cancellation in pediatric patients. The risk of peri-
operative respiratory adverse events (PRAEs) in children 
with recent URI ranged from 25% to 34.3%, with the most 
common of PRAEs being oxygen desaturation and severe 
cough [40–43]. A large prospective cohort study reported 
that URI was associated with an increased risk for PRAEs 
only when symptoms were present (RR = 2.05) or less than 
2 weeks before the procedure (RR = 2.34) [43]. It appears 
that the high risk for PRAEs was limited to the first 2 weeks 
after a URI, and thus rescheduling a pediatric patient at 
least 2–3 weeks after URI seems to be a safe approach [42, 
43]. In our study, the incidence of PPCs in symptomatic 
COVID-19-positive pediatric patients was 20.8%, with the 
most common complications of postoperative respiratory 
support, while a previous study by Reiter et al. [44] reported 
an incidence rate of 30.8%. Symptomatic COVID-19-posi-
tive pediatric patients were more likely to experience PPCs, 
which had a 2.8-fold increased risk compared with asymp-
tomatic patients. Interestingly, the risk of PPCs in sympto-
matic COVID-19-positive pediatric patients was similar to 
the published risk of PRAEs in children with recent URI; 

Fig. 5   Impact of COVID-19 infection on postoperative ICU admission in pediatric patients

Fig. 6   Impact of COVID-19 infection on length of hospital stay (days) in pediatric patients
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however, the constitution of PPCs were weighted toward less 
severe events such as oxygen desaturation in patients with 
URI compared with relatively serious events such as post-
operative respiratory support in patients with COVID-19. 
Further, we may form a risk assessment of the presence or 
absence of symptoms and the time of diagnosing COVID-19 
to determine whether to defer surgery in pediatric patients. 
We also suggest that the perioperative decision-making logic 
for pediatric patients with COVID-19 be similar to that for 
patients with recent URI.

Adult studies found that the increased risk of 30-day 
postoperative complications and mortality persisted for up 
to 4–6 weeks from the initial diagnosis of COVID-19 [45, 
46]. Geng-Ramos et al. investigated the optimal timing of 
surgery following COVID-19 infection and found that the 
risk for PPCs was not increased in pediatric patients with 
an initial diagnosis of COVID-19 more than 7 days prior to 
anesthesia compared to the negative cohort [22]. Another 
study demonstrated that proceeding with elective surgery in 
children after the diagnosis of mild COVID-19 infection as 
few as 14 days did not increase the incidence of PPCs com-
pared to waiting at least 28 days [47]. In our meta-analysis, 
6 included studies reported the rate of PPCs, in which the 
time of diagnosing COVID-19 ranged from 14 days before 
to 7 days after the procedure. Together, these data demon-
strated that the increased risk of PPCs persisted for at least 
14 days from the initial diagnosis of COVID-19 compared 
with COVID-19-negative pediatric patients.

To date, there is insufficient evidence to inform guidelines 
on postponing surgery and optimizing preoperative manage-
ment for pediatric patients with COVID-19. In the current 
study, although COVID-19 infection did not increase the 
risk of postoperative early mortality in pediatric patients, it 
was associated with a higher risk of PPCs which persisted 
for at least 14 days from the initial diagnosis. Therefore, 
similar to recommendations for pediatric patients with 
symptomatic URI, our data suggest that, where possible, 
anesthesia and elective surgery should be delayed for at 
least 2 weeks following symptomatic COVID-19 infection 
in pediatric patients to decrease the risks of PPCs. Shared 
decision-making by anesthesiologists, surgeons and patients 
should seriously weigh the increased risks associated with 
COVID-19 infection against the risks of delaying surgery in 
individual patients undergoing emergency or urgent surgery.

The present study has some limitations. First, evidence 
from observational studies should be interpreted cautiously 
since these studies are prone to selection and recall biases. 
Second, there were some expected differences between 
included studies in the diagnosis criteria for COVID-19, the 
definitions of PPCs, the types of surgery and anesthesia, and 
the follow-up duration. Such clinical differences and uncer-
tainty contributed to the heterogeneity in our meta-analysis 
and limited the generalizability of our results. Third, we did 

not conduct a grey literature search, which could lead to 
under- or overestimation of the effect size. Fourth, we did 
not conduct an estimation of publication bias because of 
the small number of studies included in our meta-analysis, 
thus publication bias cannot be ruled out. Fifth, we excluded 
studies of patients undergoing organ transplantation or 
cardiac surgery because the postoperative management 
strategy for these patients was significantly different from 
other patients, and we planned to review these studies sepa-
rately. Finally, the incidence, severity, and variant strains of 
COVID-19 have varied over time and regions, which limited 
the generalizability of our results. Limitations notwithstand-
ing, our meta-analysis with large sample size was able to 
show a robust association between perioperative COVID-19 
infection and postoperative short-term outcomes in pediatric 
patients, which may help guide decision-making and inform 
guidelines in the pediatric population.

Conclusion

This systematic review and meta-analysis showed that 
perioperative COVID-19 infection was strongly associated 
with an increased risk of PPCs. However, it did not increase 
the risk of postoperative early mortality, the rate of post-
operative ICU admission, and the length of hospital stay 
in pediatric patients. Moving forward, more well-designed 
prospective studies with long-term follow-ups are needed to 
investigate the optimal timing of surgery following COVID-
19 infection in pediatric patients.
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