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Background: The COVID-19 pandemic has profoundly impacted global
healthcare systems, causing significant disruptions in various medical
practices. This study focuses on the specific effects of the pandemic on
pediatric surgical practice in Taiwan, a region known for its effective public
health measures and proximity to the initial outbreak.

Methods: The study analyzes data from January 2020 to August 2022,
comparing it with historical records from January 2017 to August 2019. It
examines changes in surgical case volumes, patient demographics, surgical
indications, and trends in preoperative evaluations, surgical procedures, and
postoperative care.

Results: The study reveals a decrease in total surgical cases from 2,255 to 1,931
during the pandemic. Notable findings include a slight increase in the average
age of patients (4.81 to 5.10 years, p=0.064), a significant shift in gender
distribution towards male patients (68.9% to 73.5%, p = 0.0009), and changes
in the types of surgical procedures performed, with head and neck and
gastrointestinal surgeries seeing an increase. The average hospital stay
lengthened, and certain specific surgical diseases, like hypospadias and liver
tumors, showed an increase. However, the age distribution of pediatric
surgical patients remained stable, and emergency surgical care was
resiliently maintained.

Discussion: The findings demonstrate the adaptability of Taiwan's healthcare
system in maintaining pediatric surgical care during the pandemic. The study
highlights a significant gender disparity in surgical interventions and a shift
towards more urgent and emergent care, reflecting the reorganization of
healthcare services during this period. The study's limitations include its
retrospective nature and focus on a single institution.

Conclusion: This research contributes valuable insights into the impact of the
COVID-19 pandemic on pediatric surgical practice in Taiwan. It underscores
the importance of adaptable healthcare strategies in ensuring continuity and
quality of care during public health emergencies. Future research should
focus on multi-institutional data and prospective studies to further understand
these dynamics.
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1 Introduction

The Coronavirus (COVID-19) pandemic, which emerged in
late 2019, rapidly escalated into a global health crisis, challenging
healthcare systems and causing widespread disruptions (1). As
the virus spread across borders, healthcare professionals and
researchers worldwide grappled with its multifaceted impact on
medical practices, patient care, and healthcare infrastructure (2).
One such area significantly affected was surgical practice, where
elective procedures were postponed, and healthcare systems faced
unprecedented challenges in maintaining patient safety amidst
the pandemic (3-7).

Taiwan, situated in the proximity of the initial outbreak, was
among the first countries to face the challenges posed by COVID-
19. The nation, known for its proactive approach to public health
emergencies, swiftly implemented stringent measures to curb the
spread of the virus. Through a combination of early identification,
contact tracing, and strict quarantine protocols, Taiwan managed to
keep COVID-19 cases relatively low and contained, effectively
preventing overwhelming pressure on its healthcare system (2, 8, 9).

Despite the successful containment efforts, the healthcare
landscape in Taiwan, as in other regions, faced significant
disruptions due to the COVID-19 pandemic. The reallocation of
hospital resources and the adjustment of protocols were essential
to maintain patient and healthcare worker safety during this
period (10). Pediatric surgical practice, in particular, presented
unique challenges due to the specialized care required for this
vulnerable population, ranging from congenital anomalies to
urgent surgical emergencies (11, 12).

This research aims to elucidate the nuanced impact of the
COVID-19 pandemic on pediatric surgical practice in Taiwan. By
examining data from multiple years, encompassing both pandemic
and non-pandemic periods, we strive to identify trends affected by
the pandemic. Primary objectives include elucidating the pandemic’s
effect on the volume and nature of surgical cases and identifying
demographic shifts within the patient population. Secondary
objectives involve analyzing changes in surgical indications. Such an
analysis is pivotal in understanding the adjustments necessitated by
the pandemic, including changes in preoperative evaluations,
surgical procedures, and postoperative care (13). The insights gained
from this study are intended to contribute to the broader discourse
on healthcare resilience and inform future preparedness efforts
within the medical community (14).

2 Materials and methods

The study is a retrospective cohort study, which investigated
the periods of COVID-19 outbreaks and relatively stable phases
from January 2020 to August 2022. It examined the volume and
characteristics of pediatric surgical patients treated at the
institution during these different periods, comparing them with
historical records from non-pandemic years (January 2017 to
August 2019). For the given time period, all patients who
interventions

underwent surgical in our department were

continuously enrolled without any exclusions. Informed consent
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was exempted according to the instructions of Institutional
Review Board I of our institute (certificate No. CE22382A). This
analysis aimed to identify changes in the number of surgical
cases and disease categories attributed to the COVID-19
pandemic. Data collection included surgical case volumes,
patient demographics, surgical indications, and outcomes. All
de-identified data were stored on a separate server, securely
locked in the corresponding author’s office and subject to access
control. Data analysis was performed using MedCalc”® Statistical
Software version 22.013, on 6th October, 2023
(MedCalc Software Ltd., Ostend, Belgium; https://www.medcalc.
org; 2023). Continuous variables were expressed as mean values

accessed

(95% confidential interval), and categorical variables were
expressed as a number of patients (percentage). Comparisons
between groups were performed using the t-test for continuous
variables and the chi-squared test for categorical variables. The
significance was set as p-value < 0.05.

3 Results
3.1 Socio-demographics

As shown in Table 1, The data indicated that the mean age of
surgical patients during these two periods did not exhibit a
statistically significant difference. While a slight difference in
mean age was observed, the p-value (0.064) exceeded the
significance threshold, suggesting that the age distribution of
pediatric surgical patients did not show substantial variance
between the pandemic and non-pandemic periods.

In the pandemic period, more male pediatric patients underwent
surgical intervention. The p-value (0.0009) was below the
significance threshold, indicating that the observed variance in the
gender distribution was unlikely to be a result of random chance.

3.2 Differences in surgical cases

Patient characteristics of non-pandemic and pandemic periods
are listed in Table 1. Total surgical cases decreased from 2,255 to
1,931. During the pandemic, there was an increase in the average
age of patients, rising from 4.81 years to 5.10 years, although this
change was not deemed significant (p =0.064). A significant shift
was observed in the gender distribution, with male patients
to 73.5%
(p=0.0009). Regular cases decreased slightly, while emergent

increasing from 68.9% during the pandemic

cases increased, but these changes were not statistically
significant. Day-care patients decreased marginally during the
pandemic, from 29.0% to 27.5%. A significant increase in the
average hospital stay was noted, from 6.35 days to 6.80 days
(p=0.001). Surgical procedures also saw significant shifts; head
and neck surgeries increased from 3.6% to 5.3% (p=0.007), and
gastrointestinal system surgeries rose from 9.1% to 11.7%
(p=0.005), while inguinal hernia surgeries decreased (p=0.037).
Other surgical locations, along with wound infections, complications,

and surgical mortality, did not show significant changes.
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TABLE 1 Patient characteristics of non-pandemic and pandemic periods.

Pandemic
(2020-2022),
n=1,931

Non-pandemic

p value
(2017-2019),
n=2,255

10.3389/fped.2024.1354576

TABLE 2 Patient number for index surgery of non-pandemic and
pandemic periods.

Non-pandemic

Pandemic p

(2017-2019), (2020-2022),  value

For specific surgical diseases, called index surgery, the
patient numbers of non-pandemic and pandemic periods
in Table 2.
diaphragmatic hernia, biliary atresia, abdominal wall defects,

are listed Conditions such as congenital

anorectal malformations, hypospadias, and liver tumors
increased during the pandemic period. Other conditions
decreased or remained stable. All the changes were not

significantly different.

3.3 Categories of surgery

Regarding emergent operations, as shown in Table 1, the
results indicated that there was no statistically significant
difference in the proportion of emergency surgeries during the
COVID-19 and non-COVID-19 periods.

In Figure 1, it provides a broader view of the total number of
surgical patients during the pandemic and non-pandemic
periods. Both non-pandemic and pandemic lines show
fluctuations throughout the year. The “Difference” bar indicates
that during some months, notably April, June, and August, there
was a significant decrease in the number of surgeries performed
during the pandemic compared to non-pandemic periods.
Conversely, months like January and December show a lesser
difference in numbers.

The number of regular or non-emergency surgical cases was
depicted in Figure 2. The non-pandemic line consistently

remains above the pandemic line, indicating that regular
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— . n=2.255 n=1931
ocio-demographics P e ey |
grap Esophageal atresia 5 (0.22%) 2 (0.10%) 0.351
Age, 4.81 (4.61 to 5.02 5.10 0.064 i
88 year (461 to 5.02) Congenital 6 (027%) 6 (031%) 0.788
(4.87 to 5.33) : ) .
ale gend 1,554 (68.9%) 1,421 (73.5%) 0.0009 diaphragmatic hernia
M: , X ; . !
¢ gender > ° Choledochal cyst 13 (0.58%) 10 (0.52%) 0.798
Categories of surgery Biliary atresia, Kasai’s 3 (0.13%) 6 (0.31%) 0.216
Regular 2,088 (92.6%) 1,777 (92.0%) 0.490 operation
Emergent 167 (7.4%) 154 (8.0%) Abdominal wall defect 2 (0.09%) 3 (0.16%) 0.534
Day-care 656 (29.0%) 532 (27.5%) 0.270 Duodenal & intestinal 8 (0.35%) 4 (0.21%) 0.373
S tresi
Surgical sites atresia
Extensi izi 12 (0.539 10 (0.529 .94
Head and neck 81 (3.6%) 102 (5.3%) 0.007 X ens1ve' r.1ecrotlzlng (0.53%) 0 (0.52%) 0.949
enterocolitis
Chest 143 (6.3%) 124 (6.4%) 0.915
Anorectal 17 (0.75%) 22 (1.14%) 0.196
Gastrointestinal system 206 (9.1%) 227 (11.7%) 0.005 malformation
Genitourinary system 340 (15.1%) 330 (17.1%) 0.076 Hirschsprung’s disease 7 (0.31%) 6 (0.31%) 0.999
Colorectum 139 (6.2%) 111 (5.7%) 0.571 Ureteropelvic junction 14 (0.62%) 11 (0.57%) 0.830
Inguinal hernia 570 (25.3%) 435 (22.5%) 0.037 obstruction
Undescended testis 169 (7.5%) 120 (6.2%) 0.103 Vesicoureteral reflux 9 (0.40%) 11 (0.57%) 0.425
Excision 297 (13.2%) 243 (12.6%) 0.572 Hypospadias 48 (2.13%) 58 (3.00%) 0.072
Others 310 (13.7%) 239 (12.4%) 0.190 Liver tumor 0 (0.00%) 3 (0.16%) 0.061
Outcomes Total 144 (6.39%) 152 (7.87%) 0.062
Hospital stay, day 6.35 (5.23 to 7.46) 6.80 0.001
(620 to 7.40)
Wound infection 5 (0.2%) 5 (0.3%) 0.805 surgeries were frequently postponed or canceled during the
Complication 9 (04%) 6 (0.3%) 0.633 pandemic. The most significant decreases during the pandemic,
Surgical mortality 0 1 (0.05%) 0.279

as indicated by the “Difference” bars, occur in months like April,
June, and August. There’s a sharp rise in regular surgeries after
June in both lines, possibly due to the resumption of previously
postponed surgeries.

For emergent cases by months, the graphic illustration was
as Figure 3. Both pandemic and non-pandemic lines show a
degree of similarity in terms of fluctuations, indicating that
emergency cases were not drastically affected by the pandemic.
However, there are still notable drops in the number of
emergency surgeries during the pandemic in months like
January, April, and June. It’s interesting to note that despite
the pandemic, emergency surgeries have sometimes exceeded
or matched non-pandemic numbers in months like February
and July.

4 Discussion

The COVID-19 pandemic, a global health crisis of
unprecedented scale, has profoundly impacted various aspects of
healthcare systems across the globe. In Taiwan, renowned for its
efficient and effective containment measures, the pandemic has
nonetheless exerted significant disruptions, particularly in the
realm of pediatric surgical practice. The focus of this study is to
delve into the nuanced ways in which these disruptions have
manifested. By conducting a comprehensive analysis of surgical
case volumes, patient demographics, and indications for surgery
during the pandemic, the study aims to elucidate the changes
and challenges faced by pediatric surgeons and healthcare
facilities. This entails a comparative approach, juxtaposing
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FIGURE 1
Total surgeries by months during non-pandemic and pandemic periods.
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FIGURE 2
Regular surgeries by months during non-pandemic and pandemic periods.

pandemic-era data against pre-pandemic figures to identify trends,

shifts in surgical priorities, and alterations in patient care strategies. ~ reliance on telemedicine and adjustments in triage protocols.
Furthermore, the study investigates the operational adjustments  Through this exploration, the research seeks to offer insights into
and innovations adopted by healthcare providers to navigate the  the resilience and adaptability of the healthcare

constraints imposed by the pandemic, such as the increased

sector,
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Emergent surgeries by months during non-pandemic and pandemic periods

particularly in pediatric surgery, in the face of an unparalleled
global health emergency.

4.1 Socio-demographics

The analysis of pediatric surgical patients’ ages during the
COVID-19 pandemic, compared to a non-pandemic period,
presents intriguing findings that contribute to the broader
understanding of how healthcare systems have navigated the
challenges posed by the pandemic. Despite the significant
upheavals in healthcare delivery and the expected shifts in patient
demographics due to the pandemic’s impact, the age distribution
among pediatric surgical patients remained remarkably stable (4.81
years vs. 5.10 years, respectively). Though the trend of aged
surgical patients during pandemics was observed. This stability
suggests an underlying resilience in the healthcare system’s ability
to continue providing essential surgical services to pediatric
patients, irrespective of their age. Such consistency is noteworthy,
especially considering the extensive reorganization of healthcare
services necessitated by the pandemic (15). This reorganization
included the reallocation of healthcare resources, adjustments in
healthcare provision priorities, and the introduction of stringent
infection control measures. The fact that the demographic
characteristics of pediatric surgical patients have not shifted
significantly reinforces the notion that pediatric surgical care has
been shielded to some extent from the disruptive forces of the
pandemic, likely due to deliberate policy and clinical decisions
prioritizing pediatric healthcare needsInterestingly, our study
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uncovered a statistically significant difference in the gender
distribution of surgical patients during the pandemic, with male
pediatric patients being more likely to undergo surgical
intervention (68.9% vs. 73.5%). This phenomenon warrants further
investigation but may be indicative of a broader trend observed
during public health emergencies, where healthcare utilization
patterns can shift unexpectedly (16). The reasons behind this
gender disparity in surgical interventions during the pandemic
could be multifaceted, including potential differences in disease
incidence, healthcare-seeking behavior, or even the impact of

social restrictions on injury patterns.

4.2 Categories of surgery

Furthermore, the expectation that the pandemic would lead to
a marked increase in the proportion of emergency surgeries, due to
delays in elective surgeries and potential exacerbations of health
conditions, did not materialize according to our study findings.
This observation aligns with reports from other research,
suggesting a universal healthcare response aimed at preserving the
integrity of emergency surgical services (17). The maintenance of
emergency surgeries at levels comparable to pre-pandemic times,
despite the widespread postponement of elective procedures,
illustrates a significant achievement in healthcare management
during a crisis. It reflects a collective commitment within the
healthcare community to ensure that urgent and life-saving
surgical highlighting  the
prioritization of critical care services. This prioritization likely

interventions remain accessible,
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involved strategic planning and resource management to balance the
need for emergency services with the constraints posed by the
pandemic, such as limited hospital beds, personal protective
equipment shortages, and the need to minimize virus transmission
risks within healthcare settings.

The pandemic’s influence extended beyond patient demographics
to the very heart of surgical practices. As elective surgeries were
postponed or cancelled, the surgical landscape saw a shift towards
more urgent and emergent care. This shift is echoed in the work of
(18), who discussed the need for surgical departments to adapt
rapidly to changing circumstances, ensuring the safety of patients
and healthcare workers while maintaining the quality of care.

4.3 Index surgery

For index pediatric surgeries, some observed a decline in case
numbers, such as esophageal atresia surgeries halving from
5 to 2, and duodenal & intestinal atresia surgeries reducing from
8 to 4. Conversely, others like biliary atresia (Kasai’s operation)
doubled from 3 to 6, and surgeries for liver tumors emerged
from none to 3 cases during the pandemic. In the absence of
supportive literature discussing these differences, the authors
hypothesized that hepatobiliary surgeries are less commonly
performed among different hospitals in Taiwan. The pandemic
further enhanced the centralization of such cases.

The analysis further reveals a mixed impact on surgeries for
congenital anomalies and other critical conditions, with the
numbers for congenital diaphragmatic hernia and choledochal cyst
surgeries remaining stable, and a slight increase in surgeries for
abdominal wall defects. Moreover, the statistical analysis suggested
that the observed changes might not be directly attributable to the
pandemic’s effects but could also be influenced by other factors
such as hospital admission policies and patient hesitancy.

4.4 Limitations and future scope

This study is not without its limitations. The retrospective
nature of the analysis and the focus on a single institution may
limit the generalizability of the findings. The limited number of
patients both before and during the pandemics further prohibits
the applicability of the study results. Additionally, the dynamic
nature of the pandemic, with its waves and varying levels of
community transmission, could have influenced the patterns of
surgical care in ways not fully captured in this study.

Future research should aim to corroborate these findings
with multi-institutional data and explore the underlying causes
of the observed gender disparity in surgical interventions.
Moreover, prospective studies could provide real-time insights
into how ongoing and future public health emergencies affect
pediatric surgical practices. Such studies would be invaluable
in informing policy decisions and preparedness plans for
pediatric healthcare services.

In conclusion, our study contributes to the understanding of
the COVID-19 pandemic’s impact on pediatric surgical practice
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in Taiwan. While the age distribution of surgical patients
remained stable, the gender distribution varied significantly, and
the overall provision of emergency surgical care was resilient.
These insights underscore the importance of adaptable healthcare
strategies to ensure the continuity and quality of pediatric
surgical care during unprecedented times.
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