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Abstract
Background  Our study aimed to compare the prevalence of postoperative fever during the COVID-19 pandemic 
period with that of the preceding non-pandemic period.

Methods  A retrospective analysis was conducted on patients with pectus excavatum (PE) undergoing minimally 
invasive repair (also called NUSS procedure) at Nanjing Children’s Hospital from January 1, 2017 to March 1, 2019 
(Group 2019), and from January 1, 2020 to March 1, 2021 (Group 2021). Data from a total of 284 patients, consisting 
of 200 (70.4%) males and 84 (29.6%) females with an average age of 9.73 ± 3.41 (range, 4 to 17) years, were collected. 
The presence of post-operative fever (defined as a forehead temperature of 37.5℃ or above within 72 h post-surgery), 
as well as the time of operation, duration of postoperative mechanical ventilator and urinary catheter use, and 
length of hospitalization were all assessed in admitted patients from Group 2019 (n = 144) and Group 2021 (n = 140). 
Postoperative white blood cell (WBC), C-reactive protein (CRP) levels, and prevalence of postoperative complications 
(i.e., pneumothorax, pulmonary atelectasis, pneumonia, wound infection, and dehiscence) were also determined.

Result  Our results showed a statistically significant decrease in the incidence of postoperative fever within 24 to 72 h 
of surgery in patients admitted from Group 2019 as compared to Group 2021 (p < 0.001), as well as a decrease in peak 
body temperature within 72 h (p < 0.05). Meanwhile, no significant differences were observed in age and body mass 
index (BMI), time of operation, or duration of postoperative mechanical ventilator and urinary catheter use between 
the two groups (p > 0.05). The average hospitalization length of Group 2021 was significantly shorter than Group 
2019 (12.49 ± 2.57 vs. 11.85 ± 2.19 days, p < 0.05). Furthermore, while the WBC count between the two groups 24 h 
after surgery showed a statistical difference (p < 0.05), no differences in CRP levels or the incidence of postoperative 
complications were observed (p > 0.05).

Conclusion  The prevalence of postoperative fever within 72 h of surgery and the length of hospital stay for patients 
with PE undergoing NUSS surgery were both decreased in Group 2021. We propose that the above phenomenon 
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Introduction
Pectus excavatum (PE) is the most common congenital 
birth defect of the chest wall that often causes psycholog-
ical and social issues [1], limited exercise capacity [2], and 
even decreased sleep quality. PE occurs in 1 out of every 
400–1000 births. The first reports of corrective surgery 
to fix PE date back a century, as Meyer and colleagues 
first reported the surgical treatment of PE in 1911 [3]. 
Currently, the most accepted means of correcting PE is 
through minimally invasive surgical repair (NUSS proce-
dure) [4]. Importantly, postoperative fever is a common 
symptom in the early postoperative period following 
NUSS. Fever onset may be caused by metal allergies [5], 
hematoma absorption, transfusion reactions, or result 
from unknown origins. Clinically, fever is one of the 
common postoperative symptoms and does not seem to 
be significantly associated with serious complications. As 
such, fever has not received much attention. When the 
first case of pneumonia of unknown cause was reported 
on 8 December 2019 in Wuhan, China [6], within one 
month, the Chinese Center for Disease Control and Pre-
vention had successfully isolated and named the novel 
strain of coronavirus, and by 7 January 2020, the National 
Health Commission (NHC) had issued guidelines for 
epidemic prevention and control. To prevent COVID-19 
in public, several prevention tools, such as use of surgi-
cal masks and filtering facepiece respirators (FFRs), were 
introduced into daily clinical practice [7]. Meanwhile, for 
high-risk occupational exposure groups, such as hospital 
workers, the NHC recommended that doctors and nurses 
should wear overalls, work hats, and medical-grade sur-
gical masks. In addition, relatives of patients were lim-
ited or forbidden to visit inpatient departments. During 
this time period, our cardio-thoracic surgery department 
observed an empirical decrease in the incidence of post-
operative fever in patients admitted for PE.

As the duration of the surgical procedure, protocols 
for prophylactic administration of antibiotics, and other 
possible causes related to postoperative fever were all 
the same, we hypothesized that the lower incidence of 
postoperative fever in Group 2021 was related to the 
increased precautions used during hospitalization in the 
early period of COVID-19, specifically, the use of per-
sonal protective equipment (PPE) and no external visits 
to the hospital.

The aim of this study was to compare the incidence 
of postoperative fever during the COVID-19 pandemic 
(January 1, 2020 to March 1, 2021) (Group 2021) to that 

of the preceding non-pandemic period (January 1, 2017 
to March 1, 2019) (Group 2019).

Materials and methods
Patient cohorts
A single-center retrospective observational cohort study 
was conducted on all of the NUSS procedures performed 
for PE patients at Nanjing Children’s Hospital, China 
from January 1, 2017 to March 1, 2019 (Group 2019), and 
from January 1, 2020 to March 1, 2021 (Group 2021). We 
analyzed 142 admitted patients in Group 2021. While 
all admitted patients were hospitalized for NUSS sur-
gery, 12 had scoliosis, 9 exhibited a flat chest, and 2 pre-
sented with fever prior to surgery were excluded. In the 
non-pandemic period (Group 2019), 144 patients were 
screened, and 8 patients with scoliosis and 6 patients 
with a flat chest. Clinical data, including demographic 
information, surgical details, and discharge summaries 
were gathered retrospectively based on available medical 
records. Baseline characteristics were collected, includ-
ing age, gender, body mass index (BMI, kg/m2), as well as 
the duration of surgery, mechanical ventilator, and uri-
nary catheter use. Forehead temperature was measured 
within 72 h after surgery, and a postoperative assessment 
of white blood cell (WBC) count, C-reactive protein 
(CRP) levels, and incidence of postoperative complica-
tions (such as pneumothorax, pulmonary atelectasis, 
pneumonia, wound infection, and dehiscence), as well as 
length of the hospital stay were measured and recorded.

Postoperative fever (definition and workup)
Body temperature was assessed post-surgery every 4  h 
via checking forehead temperatures. Fever was defined 
as a forehead temperature of 37.5℃ or above within 72 h 
following surgery.

Statistical analysis
Patient characteristics are presented as mean ± standard 
deviation or median (interquartile range, P25-P75) for 
continuous variables with normal distribution; n and 
categorical variables were presented as a percentage (%). 
Continuous variables were examined using Student’s t 
test and Wilcox signed-rank test. Categorical variables 
were compared using the Pearson chi-squared test. Data 
were analyzed using the Statistical Package for Social Sci-
ences software (version 26.0, SPSS Inc., Chicago, USA). A 
p < 0.05 was considered statistically significant.

may be related to increased used of personal protection equipment (such as surgical masks and filtering facepiece 
respirators (FFRs)) by physicians, nurses, and the patients themselves.

Keywords  Postoperative fever, NUSS procedure, pectus excavatum, COVID-19, Surgical mask
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Results
Data from a total of 284 patients, consisting of 200 males 
and 84 females with an average age of 9.73 ± 3.41 (range, 
4 to 17) years, were collected. 144 patients were allocated 
into Group 2019, with an average age of 10 years (range 
6 to 13) and a mean BMI of 15.68 ± 2.46 kg/m2. Alterna-
tively, 140 patients were allocated into Group 2021, with 
an average age of 11 years (range 8 to 13) and a mean 
BMI of 16.25 ± 12.92  kg/m2. Age and BMI were similar 
between the two groups (p > 0.05) (Table 1). The duration 

of the surgical procedure, as well as mechanical ventilator 
and urinary catheter use were also no difference between 
the two groups (p > 0.05) (Table  1). Contrastingly, the 
prevalence of postoperative fever 72  h after surgery in 
Group 2021 was significantly lower than Group 2019 
(7% vs. 31%, p < 0.001)(Fig. 1). In Group 2021, fever was 
observed in the first 24 h post-surgery in 11 (7%) patients, 
which was also the percentage observed 72  h after sur-
gery. In Group 2019, fever was observed in the first 24 h 
post-surgery in 35 (23%) patients, which increased to 
47 (31%) patients after 72 h. In addition, the peak post-
operative fever temperature recorderd at 72  h was also 
significantly higher in Group 2019 (p < 0.05) (Table  1). 
Accordingly, the length of hospitalization in Group 2021 
was also significantly shorter than that of Group 2019 
(p < 0.05) (Table  1). We also observed a statistically sig-
nificant difference in the level of WBC between the two 
groups at 24 h after surgery (p < 0.05) (Table 1). However, 
no statistical difference were observed in CRP level or the 
incidence of postoperative complications between the 
two groups (p > 0.05) (Table 1).

Discussion
Our study shows a significant decrease in the post-
operative fever of patients in Group 2021 compared to 
Group 2019 (7% vs. 31%, p < 0.001). Furthermore, we 
observed a reduction in the postoperative fever tem-
perature (degree of fever ≥ 38.0℃) in Group 2021 (3% 
in Group 2021 vs. 11% in Group 2019, p < 0.05). Mean-
while, we also observed a statically significant difference 
in postoperative WBC count between the two groups, 
while CRP levels remained unchanged. Interestingly, we 
observed that infection-related complications did not 
decrease with the declining fever rate, possibly because 
the complication rate after surgery was very low. During 

Table 1  Clinical characteristics of PE patients and comparison 
between the two groups
Variables Group 2019

(n = 144)
Group 2021
(n = 140)

P

Gender, female 44(30%) 40(28%) 0.82
Age (years) 10(6, 13) 11(8, 13) 0.11
BMI(kg/m2) 15.68 ± 2.46 16.25 ± 12.92 0.61
Duration of the surgical 
procedure (minutes)

55.57 ± 25.57 55.30 ± 18.77 0.91

Duration of the mechanical 
ventilator (minutes)

71.67 ± 48.23 63.69 ± 27.03 0.08

Duration of the urinary 
catheter use (hours)

20.65 ± 4.22 21.37 ± 6.91 0.28

Post-operation fever in 24 h 35(23%) 11(7%) < 0.001*
Post-operation fever in 72 h 47(31%) 11(7%) < 0.001*
Temperature more than or 
equal 38.0℃

17(11%) 5(3%) 0.01*

WBC, ug/ml 12.69 ± 4.03 11.76 ± 2.53 0.02*
CRP, ug/ml 14.76 ± 13.59 12.07 ± 9.01 0.13
Prevalence of complications 18(12%) 20(14%) 0.595
Length of hospitalization 
(days)

12.49 ± 2.57 11.85 ± 2.19 0.02*

Statistically significant data in bold (p < 0.05). BMI [16], Body Mass 
Index = weight/height2, BMI ≥ 18.5 to 24.9  kg/m2 means normal weight, 
BMI < 18.5  kg/m2 means underweight, BMI < 16.5  kg/m2 means severely 
underweight, BMI ≥ 25 to 29.9 kg/m2 means overweight, BMI ≥ 30 kg/m2 means 
obesity

Fig. 1  Posteroperation fever between two groups
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the entire observation period, only 1 in 284 patients was 
found to have poor wound healing (a small amount of 
pink exudation), and the wound became better after daily 
dressing changes and systemic prophylactic antibiotic 
therapy. Data in the literature indicate that the incidence 
of wound healing after NUSS surgery is 1.5–6.9% [8]. 
During the COVID-19 epidemic, where the prevalence of 
postoperartive fever decreased significantly within 72  h 
post-surgery, we were unable to observe any decrease in 
the incidence of complications, although the hospital stay 
was significantly shortened, resulting in lower healthcare 
costs.

Fever is a common complication in the early stages fol-
lowing the NUSS procedure, and fever is often associated 
with infection-related complications. We hypothesize 
that the decline in the frequency of postoperative fever 
observed during the epidemic was most likely related to 
the strengthening of personal protection measures for 
physicians, nurses, patients, and family members, includ-
ing implementation of surgical masks, FFRs, and limiting 
the number of relatives allowed into inpatient depart-
ments, thus reducing the risk of pathogen exposure 
[9–11]. However, due to our failure to perform preop-
erative and postoperative respiratory tract or blood tract 
tests on patients with PE, we were unable to objectively 
obtain evidence of pathogen transmission. Wilder et al 
[12]found that during the COVID-19 epidemic, pediat-
ric hospitalization rates for virus-related acute diseases 
(such as asthma, bronchitis, and pneumonia) decreased, 
suggesting that measures such as wearing surgical masks 
can reduce the spread of the virus significantly. According 
to statistics, the frequency of postoperative fever ranges 
from 18 to 60%. Since fever is a common symptom after 
surgical procedures, it previously did not garner much 
attention. However, since the COVID-19 epidemic, fever 
has become one of the more frequent screening factors to 
identify viral infections, which has significantly increased 
fever awareness [13], and the correlation between fever 
temperature and the prognosis of viral infections has 
been reported in a few studies. In addition, we accept 
that fever can reflect the presence of an inflammatory 
reaction in the body, however, fever may not be related to 
the severity of inflammation. We routinely tested serum 
from the two groups at the same time and significant dif-
ferences were only found in the WBC count, but not CRP 
levels. Thus, it is difficult to conclude that fever is associ-
ated with the degree of inflammation.

Furthermore, while BMI was not significantly differ-
ent between the two groups (p > 0.05), the BMI of both 
groups was lower than the normal range, with some of 
the patients being severely underweight. This supports 
the notion that PE is more likely to occur in thin chil-
dren, which has been reported previously [14]. There-
fore, adolescents should be encouraged to eat a balanced 

diet, strengthen their exercise routine, and enhance their 
physical fitness.

As the present study was limited to PE patients, addi-
tional surgery types have not yet been investigated, which 
makes it impossible to as of yet infer the broader impli-
cations of the observed postoperative fever phenomenon 
that arose during the COVID-19 epidemic. Interestingly, 
a previous clinical study carried out in another single cen-
ter also found a decrease in the postoperative fever rate 
[15]. In this study by Mastri and colleagues, they showed 
that the other observation objects were not involved in 
the NUSS postoperative group. Thus, this study provides 
more convincing evidence for the phenomenon we have 
observed. However, further studies with larger cohorts at 
multiple clinical research centers is required for subse-
quent validation of our results.

Conclusion
In the early stages of the COVID-19 epidemic, the 
absence of rapid and precise screening tests for COVID-
19 significantly increased concern regarding clinical 
symptoms such as fever and cough. However, this trou-
blesome situation led to stronger measures to prevent 
respiratory infections (surgical masks and FFRs), also 
reducing the spread of the virus to the public. As for PE 
patients, there was a significant decrease in the preva-
lence of postoperative fever and the length of hospitaliza-
tion, further decreasing the overall economic cost.

List of Abbreviations
PE	� Pectus excavatum
WBC	� White blood cell
CRP	� C-reactive protein
BMI	� Body mass index
FFRs	� Filtering facepiece respirators
NHC	� National Health Commission
PPE	� Personal protective equipment

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s13052-023-01524-6.

Supplementary Material 1

Acknowledgements
Not applicable.

Author Contributions
Study conceptualization and design: AJ,WQ. Data collection: AJ, DZ. Data 
analysis and interpretation: AJ, YD, YZ, MX. All authors read and approved the 
final manuscript.

Funding
The National Natural Science Foundation of China (81970265, 82270310).

Data Availability
The data presented in this study are available on request from corresponding 
author.

https://doi.org/10.1186/s13052-023-01524-6
https://doi.org/10.1186/s13052-023-01524-6


Page 5 of 5Jia et al. Italian Journal of Pediatrics          (2023) 49:120 

Declarations

Ethics approval and consent to participate
We confirm that all methods were performed in accordance with the ethical 
standards as laid down in the Declaration of Helsinki and its later amendments 
or comparable ethical standards. We confirm that written informed consent 
was obtained from all participants or if participants are under 16, from a 
parent and/or legal guardian.Study was reviewed and approved by the 
Medical Ethics Committee of Nanjing Children’s Hospital (Nanjing, China), 
202210196-1.

Consent for publication
Not applicable.

Conflict of interest
The authors declare that they have no competing interests.

Author details
1Nanjing Children’s Hospital, Clinical Teaching Hospital of Medical School, 
Nanjing University, Nanjing, China
2Children’s Hospital of Nanjing Medical University, Nanjing, China

Received: 4 August 2023 / Accepted: 4 September 2023

References
1.	 Media AS, et al. Prevalence of comorbidities in a surgical pectus excava-

tum population. J Thorac Dis. 2021;13:1652–7. https://doi.org/10.21037/
jtd-20-3352.

2.	 Toselli L, et al. Determinants of success associated with vacuum bell treat-
ment of pectus excavatum. J Pediatr Surg. 2022. https://doi.org/10.1016/j.
jpedsurg.2022.04.010.

3.	 Nuss D, Obermeyer RJ, Kelly RE. Nuss bar procedure: past, present and 
future. Ann Cardiothorac Surg. 2016;5:422–33. https://doi.org/10.21037/
acs.2016.08.05.

4.	 Haecker FM, Krebs TF, Kleitsch KU. Current development of minimally invasive 
repair of Pectus Excavatum (MIRPE). Child (Basel). 2022;9:478. https://doi.
org/10.3390/children9040478.

5.	 Galazka P, et al. Metal allergy after the Nuss procedure for pectus excavatum: 
a review. Postepy Dermatol Alergol. 2020;37:848–52. https://doi.org/10.5114/
ada.2020.102094.

6.	 Huang C, et al. Clinical features of patients infected with 2019 novel corona-
virus in Wuhan, China. Lancet. 2020;395:497–506. https://doi.org/10.1016/
S0140-6736(20)30183-5.

7.	 Tabah A, et al. Personal protective equipment and intensive care unit health-
care worker safety in the COVID-19 era (PPE-SAFE): an international survey. J 
Crit Care. 2020;59:70–5. https://doi.org/10.1016/j.jcrc.2020.06.005.

8.	 Shin S, et al. Infectious complications after the Nuss repair in a series of 
863 patients. J Pediatr Surg. 2007;42:87–92. https://doi.org/10.1016/j.
jpedsurg.2006.09.057.

9.	 Mittal S, et al. Neonatal fever in the COVID-19 pandemic: Odds of a serious 
bacterial infection. Pediatr Emerg Care. 2022;38:43–7. https://doi.org/10.1097/
PEC.0000000000002601.

10.	 Poncin W, et al. Impact of surgical mask on performance and cardiorespira-
tory responses to submaximal exercise in COVID-19 patients near hospital 
discharge: a randomized crossover trial. Clin Rehabil. 2022;361032–1041. 
https://doi.org/10.1177/02692155221097214.

11.	 Ghanizadeh F, Godini H. A review of the chemical and biological pollut-
ants in indoor air in hospitals and assessing their effects on the health of 
patients, staff and visitors. Rev Environ Health. 2018;33231–245. https://doi.
org/10.1515/reveh-2018-0011.

12.	 Wilder JL et al. Pediatric Hospitalizations During the COVID-19 Pandemic. 
Pediatrics, 2020,146. https://doi.org/10.1542/peds.2020-005983.

13.	 Liu W, Guan WJ, Zhong NS. Strategies and advances in combating COVID-
19 in China. Eng (Beijing). 2020;6:1076–84. https://doi.org/10.1016/j.
eng.2020.10.003.

14.	 Jacobson J, et al. Physician-estimated depth as a Screening Tool for com-
puted tomography evaluation of Pectus Excavatum. J Surg Res. 2020;256687–
692. https://doi.org/10.1016/j.jss.2020.03.072.

15.	 Mastri P, et al. Reduction in the duration of postoperative fever during the 
COVID-19 pandemic in Orthopedic and traumatic surgery due to PPE and 
Cautions. J Clin Med. 2022;11. https://doi.org/10.3390/jcm11061635.

16.	 Weir CB, Jan A. BMI classification percentile and cut off points, in StatPearls. 
Treasure Island (FL); 2022.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.21037/jtd-20-3352
https://doi.org/10.21037/jtd-20-3352
https://doi.org/10.1016/j.jpedsurg.2022.04.010
https://doi.org/10.1016/j.jpedsurg.2022.04.010
https://doi.org/10.21037/acs.2016.08.05
https://doi.org/10.21037/acs.2016.08.05
https://doi.org/10.3390/children9040478
https://doi.org/10.3390/children9040478
https://doi.org/10.5114/ada.2020.102094
https://doi.org/10.5114/ada.2020.102094
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1016/j.jcrc.2020.06.005
https://doi.org/10.1016/j.jpedsurg.2006.09.057
https://doi.org/10.1016/j.jpedsurg.2006.09.057
https://doi.org/10.1097/PEC.0000000000002601
https://doi.org/10.1097/PEC.0000000000002601
https://doi.org/10.1177/02692155221097214
https://doi.org/10.1515/reveh-2018-0011
https://doi.org/10.1515/reveh-2018-0011
https://doi.org/10.1542/peds.2020-005983
https://doi.org/10.1016/j.eng.2020.10.003
https://doi.org/10.1016/j.eng.2020.10.003
https://doi.org/10.1016/j.jss.2020.03.072
https://doi.org/10.3390/jcm11061635

	﻿Reduction in the duration of postoperative fever following NUSS surgery during the COVID-19 pandemic
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Patient cohorts
	﻿Postoperative fever (definition and workup)
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Conclusion
	﻿References


