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Abstract

Background: Reports on delays to National Health Service (NHS) surgical care have been widespread during and after the
pandemic, however the impact on paediatric surgery is poorly described.

Methods: This retrospective observational cohort study used NHS hospital data in England for children aged <18 yr
undergoing surgery over an 8-yr period from 1 April 2015 to 31 December 2020, with supplementary data until March
2023. The primary outcome was in-hospital mortality within 90 days after surgery. The secondary outcome was hospital
stay. We report trends in annual surgical procedure volume and mortality. Frequencies presented as n (%).

Results: We identified 36 605 870 surgical procedures, between 1 April 2015 and 31 December 2020, of which 1 846 965
(5.0%) were for children. A total of 759 083/1 846 965 (41.1%) patients were female and 313 981 (17.0%) were from minority
ethnic groups. There were 41 018/1 846 965 (2.2%) procedures among neonates, 93 872 (5.1%) for children aged 28 days to 1
yr, 532 828 (28.8%) for years 1-5, 502 971 (27.2%) for years 5—12, 361 176 (19.6%) for years 12—15, and 315 100 (17.1%) for
years 15—17. Median hospital stay was 1 (0—1) day. There were 6 573/1 846 965 (0.36%) in-hospital deaths within 90 days
after surgery, and a trend for increasing mortality risk between 2015 and 2020 (P<0.05). The average annual number of
procedures before the pandemic (2015—19) was 340 596, decreasing to 266 049 in 2023 (22% reduction in volume).
Conclusions: We report the trends in paediatric surgical volume and assocaited mortality for an entire healthcare system
over eight years inlcuding during the COVID-19 pandemic. One in 14 surgical procedures were performed on children,
with substantially lower mortality risk than adults.
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Editor’s key points e In hospital mortality for paedatric patients was 0.36%
with one in 14 surgical procedures performed in
children compared to adults.

e A notable decrease in pediatric surgical volume was
reported in England post-pandemic which only
partially recovered to pre-pandemic levels.

o In this retrospective observational cohort study using
National Health Service data, the authors describe
paediatric surgery and associated mortality in En-
gland over an 8-year period from 2015 to 2023.
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Five million surgical procedures are performed in the UK each
year and, before the pandemic, volume for surgery was
increasing annually.! One in six adults undergoing surgery
experience a perioperative complication, associated with
mortality in 1-3% of cases.?® There is an increasing research
focus on older adults and multi-morbidity,* as the surgical
population is growing rapidly older with increasing burden of
multiple chronic conditions.>® However, 20% of the UK pop-
ulation are children aged under the age of 18 yr,” and yet, the
impact of surgery on children and the burden of perioperative
complications is poorly characterised.

The development of strategies to improve the quality of
paediatric surgical care requires robust epidemiological data.
Compared with childhood infectious diseases and conditions
such as cancer or diabetes, few countries routinely collect and
publish data reporting the frequency of paediatric surgical
procedures and associated morbidity.? Despite this, it is clear
that childhood conditions requiring surgery can have lifelong
clinical, functional, and psychological impact.® This has con-
sequences for child development,’ return to education and
educational attainment, carer’s occupation, and the associ-
ated financial and social implications for children and their
caregivers.’? The COVID-19 pandemic substantially reduced
the delivery of surgical care,'? leading to cancelled procedures,
increasing delays and extending waiting lists.’?> NHS England
reports that seven million adults are currently waiting for
elective care, an increase from four million in 2019.**> However,
the extent and impact of delays on paediatric surgical pro-
cedures remains poorly characterised, not least because the
annual number of children undergoing surgery before the
pandemic had not been described. Without accurate national
data, policymakers are limited in planning recovery strategies,
allocating resources, and ensuring equitable access to timely
surgical care for children.

There is a need for reliable national data describing the
volume of paediatric surgical procedures and associated pa-
tient outcomes to support effective service planning and
inform health policy. The aim of this study was to analyse
national health systems data to report the volume of paedi-
atric surgical activity in England and associated in-hospital
mortality within 90 days after surgery, over an 8-yr period
that included the COVID-19 pandemic.

Methods
Study design

Nationwide epidemiological study describing all hospital ad-
missions for a surgical procedure in the National Health Ser-
vice (NHS) in England between 1 April 2015 and 31 March 2023.

Setting

All NHS hospitals in England and NHS funded care in private
settings.

Data source

We have previously described our approach in detail.'>'* We
used routinely collected pseudonymised electronic health re-
cord Hospital Episode Statistics for Admitted Patient Care (HES
APC) data to identify eligible patients. This data source pro-
vides detailed data describing every episode of hospital care in
England from 1 April 2015 until 31 December 2020. Surgical
procedures were identified using Office for Population

Censuses Surveys version 4.9 (OPCS4) codes as described
previously.’ We defined surgical procedures as those per-
formed in a specialist facility (i.e. operating theatre) by sur-
geons under the care of an anaesthetist. Admissions were
defined from the date of the first surgical procedure, until the
discharge date. Hospital discharge date was determined based
on the discharge from continuous in-patient spells, con-
structed by mapping continuous in-patient episodes.’® The
project was approved by the Health Research Authority (20/
HRA/3121) and the NHS Digital Independent Group Advising
on the Release of Data (DARS-NIC-375669-J7M7F).

For the financial years 2020—3 we used publicly available
aggregate data published by NHS England (digital.nhs.uk). We
selected primary procedures and interventions using OPCS4
codes for patients aged <18 yr, from HES APC procedures and
interventions data, to ensure comparability with patient level
data.’

Participants

All patients who underwent a surgical procedure were <18 yr of
age. We identified surgical procedures using the previously
published list of procedure codes stratified by urgency of sur-
gery. Age for children <1 yr old recorded as 700x codes (7001: <1
day, 7002: 1—6 days, 7003: 7—28 days, 7004: 29—90 days, 7005:
91—181 days, 7006: 182—272 days, and 7007: 273—364 days).

Exposure

The exposure of interest is a surgical procedure according to
the previously published list of OPCS-4.9 procedure codes.’

Outcomes

The primary outcome was in-hospital death, censored at 90
days for patients remaining in hospital beyond this point. The
secondary outcome was length of hospital stay, calculated as
the number of days between the initial operation date and
discharge date of their continuous in-patient spell, censored at
90 days. Outcome data were available in the record-level
cohort (1 April 2015—31 December 2020). We stratified the
cohort by demographic data (age, sex, ethnicity, and socio-
economic status). Count data for outcomes with small
numbers were suppressed in line with standard procedures
for Health Systems Data.’®

Derivation of variables

Age was defined as that recorded on the start date of the
hospital episode including the first surgical procedure. Clas-
sification of the type of surgical procedure was based on the
first operative code. Where multiple operative codes were
associated with surgery on a single day, the highest ranked
code was considered the principal surgical procedure. Socio-
economic deprivation was defined according to lower super-
output areas using the Index of Multiple Deprivation.?

Statistical methods

Count data are presented as frequencies with percentages,
and continuous data are presented as mean with standard
deviation or median with inter-quartile range. The volume of
surgical procedures was calculated with a 95% confidence in-
terval (CI). We compared the annual procedure volume for the
years 2015—19 (pre-pandemic) with the years 2020—3 (post
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Fig 1. Inclusion of patients in the analysis, categorised by age for patient level data from 1 April 2015 until 31 December 2020 and aggregate

data from 1 April 2020 until 31 March 2023.

pandemic). We calculated the deficit of surgical activity in
April 2023 by comparing the expected and the actual number
of cases that took place in 2020 until 31 April 2023. The ex-
pected numbers of procedures were derived from a time series
model using pre-pandemic data. We created an additive
Holt—Winters exponential smoothing time series model,
which accounts for seasonal variation and temporal linear
trends (i.e. overall change in number of procedures performed
over time).” We extrapolated this trend to estimate the
number of procedures expected from pre-pandemic trends
and subtracted the observed number of procedures to calcu-
late the deficit in surgical activity.

We undertook a post hoc analysis of mortality data using a
Cochrane Armitage test for trend to determine if a statistically
significant linear trend was observed in 90-day in-hospital
mortality between 2015 and 2020. We subsequently under-
took logistic regression analysis of aggregate mortality data

using year as an ordered factor, with 2015 as the reference
group.

Subgroup analysis

To provide additional context, we undertook a planned sub-
group analysis for 10 pre-specified sentinel procedures, cho-
sen by consensus among investigators [with corresponding
OPSC-4.9 codes]™:

e Appendicectomies [HO1]

e Inguinal herniotomies [T19]

e Tonsillectomies [F34], adenoidectomies [E20.1], grommet
insertions [D15.1] (TAGs)

Cleft palate surgeries [F29]

Micro-laryngoscopy [E37] and bronchoscopies (MLB) [E49]
Trachea-oesophageal fistula repairs (TOF) [G07.1]
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Fig 2. Patient level data of surgical activity from April 2015 until December 2020. Aggregate data of annual paediatric surgical volume from
January 2021 until March 2023, presented in financial years. Dotted line represents gap between record-level and aggregate cohorts. The
90-day mortality rate is represented by year from 2015 until 2020. Annual aggregate data were divided by 4 to represent surgical volume by
quarter. Mortality data are not available for aggregate data (2021 onwards).

Hypospadias corrections [M73.1]
Orchidopexies [NO8]

Pyeloplasty [MO05.1]

Open reduction internal fixation [W20]

These procedures were stratified into elective (tonsillec-
tomies, adenoidectomies, grommet insertions, cleft palate
surgeries, hypospadias corrections, herniotomies, and
orchidopexies) and urgent or emergency procedures, which
were considered to be either an emergency or were given high
prioritisation by surgeons during the pandemic (trachea-
oesophageal fistula [TOF] repairs, pyeloplasty and open
reduction internal fixation, and appendicectomies).

Results
Participants

We identified 36 605 870 surgical procedures in England be-
tween 1 April 2015 and 31 December 2020 using the record-
level cohort and 11 465 816 admissions between 1 April 2020
and 31 March 2023 using the aggregate cohort. After applying
predefined exclusion criteria and excluding missing data, we
identified 1 846 965 admissions (5.05%) of paediatric surgical
patients in the record-level cohort and 712 791 (6.22%) in the
aggregate cohort (Fig. 1).

Volume of surgery

On average, 312 104 (95% CI 272 000—353 000) paediatric sur-
gical procedures were conducted each year between 2015 and
2020. Between 2020 and first quarter of 2023 there were 247 398
(95% CI 225 126—269 670) procedures per year. We observed an
expected seasonal variation of a 2.5% reduction in the winter
months (Fig. 2).

Stratification by age

Between 1 April 2015 and 31 December 2020; 41 018/1 846 965
(2.2%) procedures were performed for neonates (<28 days old);
93 872/1 846 965 (5.1%) for 28-day to <1-yr-olds; 532 828/1 846
965 (28.8%) for 5—12-yr-olds; 502 971/1 846 965 (27.2%) for 5—12-
yr-olds; 361 176/1 846 965 (19.6%) for 12—15-yr-olds; and 315
100/1 846 965 (17.1%) for 15 to <18-yr-old children. From 1 April
2020 to 31 March 2023; 69 861/712 791 (10%) primary surgical
procedures involved <1 yr-olds; 158 465/712 791 (22%) 1—4-yr-
olds; 172 863/712 791 (24%) 5—9-yr-olds; 183 393/712 791 (26%)
10—14-yr-olds; and 128 209/712 791 (18%) 15 to <18-yr-olds
(Fig. 1).

Patient outcomes

The median length of hospital stay for all children was 1 day
(inter-quartile range 0—1 days). Some 6573/1 846 965 (0.36%)
(95% CI 0.35—0.36%) children who underwent a surgical pro-
cedure died (Table 1). We observed a trend of increasing
mortality risk between 2015 and 2020 (P<0.05). Logistic
regression analysis of mortality risk by year identified an
increased in mortality risk in 2020 compared with 2015 (odds
ratio 1.37 [95% CI 1.25—1.50], P<0.05), with no increase in risk
for the years 2016—19.

Trends during COVID-19 on surgical volume

Compared with pre-pandemic levels (1 April 2015-31
December 2019) the annual volume of paediatric surgical
procedures reduced from 340 596 (95% CI 297 942—-383 250) to
212 011 (95% CI 116 634—307 388) in 2020, representing a
reduction of 38%. Between 2020 and 2023, the annual volume
of procedures increased to 266 049, representing a 25% in-
crease in annual volume. The annual volume of paediatric
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Table 1 Mortality rates and median length of stay for all procedures (2015—20). Mortality data not available for aggregate data (2021
onwards). CI, confidence interval; IQR, inter-quartile range; LOS, length of stay. *P value <0.05.

Year Number of patients 90-Day mortality n (%) Mortality odds ratio (95% CI) Median LOS
2015 264 822 905 (0.3) 0 0 (IQR: 0—1)
2016 342 451 1284 (0.4) 1.1 (1.01-1.2)* 0 (IQR: 0-1)
2017 339 426 1226 (0.4) 1.06 (0.97—1.15) 0 (IQR: 0—1)
2018 327 538 1156 (0.4) 1.03 (0.95-1.13) 0 (IQR: 0-1)
2019 314 655 1041 (0.3) 0.97 (0.89—1.06) 0 (IQR: 0—1)
2020 205 226 961 (0.5) 1.37 (1.25—1.5)* 0 (IQR: 0—1)

surgical procedures was 22% lower in 2023 compared with pre-
pandemic levels (2015—19).

Subgroup analysis of surgical volume during COVID-
19

Between 1 April 2015 and 31 December 2020, tonsillectomies,
adenoidectomies, grommet insertions, cleft palate surgeries,
hypospadias corrections, herniotomies, and orchidopexies
(elective surgery), made up 330 182/1 872 622 (17.6%) of the
total volume of surgical procedures. These were reduced by
64.5%, from an average of 75 810 (95% CI 55 692—65 603) per
year in the years 201519 to 26 944 (95% CI 19 493—34 395) in
2020. Urgent and emergency procedures (represented by TOF
repairs, pyeloplasty and open reduction internal fixation, and
appendicectomies) constituted 87 086/1 872 622 (4.7%), and
were reduced by 28.7% (Table 2). Elective surgical procedures
were reduced by 43.1% from an average of 235 968 (95% CI 205
791—-266 145) per year in the years 2015—19 to 134 369 (95% CI
69 896—198 856) in 2020. Non-elective surgical procedures
reduced by 14.7% from an average of 91 012 (95% CI 80 584—101
441) per year in the years 2015—19 to 77 629 (95% CI 52 668—156
080) in 2020 (Table 3).

Index of multiple deprivation

Paediatric patients were categorised into index of multiple
deprivation deciles. The most deprived decile underwent the
greatest number of procedures 72 646/307 817 (23.6%). The
least deprived decile consisted of the smallest number of

procedures, 43 737/307 817 (14.2%). The trends observed in the
annual number of procedures per decile were preserved
throughout the period 2015 to 2020, including the COVID-19
pandemic (Table 3).

Discussion

The principal finding of this nationwide epidemiological study
is that on average 340 596 surgical procedures are performed in
children each year in the NHS in England. This represents 2.8%
of the 12 093 288 children in England (2816 per 100 000 popu-
lation aged <18 yr), and 7.5% of the total national surgical
volume across all age groups including adults (4.8 million)."?
Surgical procedure volume reduced to 212 011 per year dur-
ing the pandemic, and afterwards only partially recovered to
266 049 procedures per year. The average risk of in-hospital
mortality within 90 days after surgery for children was
0.36%, which is much lower than for adults at around 2.3%
using similar nationwide NHS data.” We observed a 37% in-
crease in mortality risk in 2020 compared with 2015, which is
consistent with increased morbidity and mortality in the adult
surgical population during this period.'®*?

There are only limited data describing clinical outcomes
after surgery in children, which are mainly limited to disease-
specific reporting of volume, mortality, and outcome, rather
than systematic population-level reporting across the spec-
trum of paediatric surgical procedures.?®?! The seventh na-
tional audit project of Royal College of Anaesthetists examined
the incidence of perioperative cardiac arrest and reported a
mortality rate of 6.5/100 000 within 24 h after surgery in

Table 2 Frequency and median length of stay for sentinel procedures. IQR, inter-quartile range; LOS, length of stay. Micro-

laryngoscopy and bronchoscopies data unavailable.

Sentinel procedures Procedure frequency n (%) Median LOS
2015-19 2020 2015-19 2020

Appendicectomies [HO1] 53081 (14.1) 9796 (24.4) 2 (IQR: 1-3) 1 (IQR: 1-3)
Inguinal herniotomies [T19] 27 753 (7.4) 3675 (9.2) 0 (IQR: 0—0) 0 (IQR: 0—0)
Tonsillectomies [F34], adenoidectomies 251 527 (66.7) 19 977 (49.8) 0 (IQR: 0—-1), 0 (IQR: 0-1),

[E20.1], grommet insertions [D15.1] (TAGs) 0 (IQR: 0-0), 1 (IQR: 0-1),

0 (IQR: 0—0) 0 (IQR: 0—0)

Cleft palate surgeries [F29] 6234 (1.7) 868 (2.2) 1 (IQR: 1-2) 1 (IQR: 1-2)
Trachea-oesophageal fistula repairs (TOF) [G07.1] 776 (0.2) 132 (0.3) 21 (IQR: 11.5—35.5) 21 (IQR: 15—29)
Hypospadias corrections [M73.1] 10 345 (2.7) 1033 (2.6) 0 (IQR: 0-1) 0 (IQR: 0—-1)
Orchidopexies [NO8] 7379 (1.9) 1391 (3.5) 0 (IQR: 0—1) 0 (IQR: 0—1)
Pyeloplasty [MO05.1] 1725 (0.5) 317 (0.8) 2 (IQR: 2—3) 2 (IQR: 1-3)
Open reduction internal fixation [W20] 18 331 (4.9) 2928 (7.3) 1 (IQR: 0-1) 1 (IQR: 0-1)




Table 3 Patient characteristics of record-level cohort for all paediatric surgical procedures. IMD, index of multiple deprivation. Demographic data not available for aggregate data (2021
onwards).

Year 2015 2016 2017 2018 2019 2020 202021 2021-22 2022-23
Total number procedures 272 104 351442 348 733 337 377 325 246 211998 187 363 259379 266 049
Sex, n (%)

Male 158 861 (58.4) 205 936 (58.6) 205 017 (58.8) 205 017 (58.8) 198 762 (58.9) 121 122 (60) — — —
Female 113 243 (41.6) 145 506 (41.4) 143 716 (41.2) 138 615 (41.4) 133 127 (40.9) 84 876 (40) — — —
Admission category,

n (%)
Non-elective 76 099 (28) 95 781 (27.3) 96 147 (27.6) 94 098 (27.9) 92 937 (28.6) 77 629 (36.6) — — —
Elective 196 005 (72) 255 661 (72.7) 252 586 (72.4) 243279 (72.1) 232309 (71.4) 134369 (634)  — — —
IMD decile, n (%)
1 37 235 (13.7) 48 556 (13.8) 47 828 (13.7) 46 736(13.9) 44 981 (13.8) 28 924 (13.6) — — —
2 32376 11.9) 41 393 (11.8) 41 252 (11.8) 39 223(11.6) 37 956 (11.7) 24 561 (11.6) — — —
3 29 219 (10.7) 37 771 (10.7) 37 727 (10.8) 36 261(10.7) 35 516 (10.9) 22 684 (10.7) — — —
4 26 826 (9.9) 34196 (9.7) 33 876 (9.7) 33 065(9.8) 31582 (9.7) 20 200 (9.5) — — —
5 25292 (9.3) 32310 (9.2) 32298 (9.3) 31 304(9.3) 29 743 (9.1) 19 218 (9.1) — — —
6 24391 (9) 31333 (8.9) 31123 (8.9) 30 163(8.9) 29 169 (9) 19 254 (9.1) — — —
7 23 282 (8.6) 29 876 (8.5) 29 867 (8.6) 28 952(8.6) 28 143 (8.7) 18 575 (8.8) — — —
8 23 152 (8.5) 30 073 (8.6) 29 573 (8.5) 28 761(8.5) 27 258 (8.4) 18127 (8.6) — — —
9 22 856 (8.4) 29 693 (8.4) 29 419 (8.4) 28 447(8.4) 27 385 (8.4) 18 010 (8.5) — — —
10 22 628 (8.3) 29 538 (8.4) 28 794 (8.3) 27 642(8.2) 26 635 (8.2) 17 842 (8.4) — — —
Ethnicity, n (%)
White 188 170 (69.2) 239 622 (68.2) 236 460 (67.8) 227 621(67.5) 21 5036 (66.1) 138 345 (65.3) — — —
Asian 21531 (7.9) 27 822 (7.9) 28 209 (8.1) 29 080 (8.6) 27 847 (8.6) 17 559 (8.3) — — —
Black 12 045 (4.4) 15 556 (4.4) 15 818 (4.5) 15 843 (4.7) 15 575 (4.8) 9822 (4.6) — — —
Other 10 662 (3.9) 13 855 (3.9) 14 093 (4) 14 226 (4.2) 14 449 (4.4) 9989 (4.7) — — —
Not recorded, n (%) 39 696 (14.6) 54 587 (15.5) 54 153 (15.5) 50 607 (15) 52 339 (16.1) 36 283 (17.1) — — —
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children.?? By contrast, we report an in-hospital mortality rate
of 360/100 000 within 90 days after surgery, which is several
orders of magnitude greater. This can be explained by the
longer duration of postoperative follow-up, where only a small
portion of postoperative morbidity occurs within the first 24 h
after surgery, and the reporting methodology of national audit
that was limited to positive cases and supplementary snap-
shot recording of a small portion of denominator activity
opposed to systematic reporting of all surgical procedures.!
Similarly, the APRICOT study reported anaesthetic-related
morbidity and mortality in 30 874 children, but not all-cause
surgical outcomes.”®> The multicentre perioperative outcome
group (MPOG) conducted a study of 606 488 children under-
going surgery across 56 hospitals in the USA and Netherlands
and reported a mortality rate of 0.18% with 30 days after sur-
gery.?* While this study did not measure activity across a
whole healthcare system, the results are consistent with the
findings of our nationwide study, including the expected in-
crease in mortality between 30 and 90 days after surgery,
which replicates the expected approximate doubling of mor-
tality risk over this period.! Similarly, an observational study
of paediatric surgery among 211 964 children in 81 hospitals
across Sweden between 2019 and 2022 reported a mortality
rate of 0.15% within 30 days after surgery. In contrast to our
study, this included the pandemic period, but did not stratify
the results by time or make comparisons with a reference time
period.”” The ASOS-Paeds study, describing the outcomes of
8625 children undergoing surgery in 249 hospitals across Af-
rica, reported a mortality rate of 2.3% within 30 days after
surgery.’® The reported mortality risk is more than six times
greater than our national data and does not include the time
period between 30 and 90 days after surgery, which likely
reflect differences in perioperative care, public health, and
service provision in the low- and middle-income country
context compared with the other data from high-income
countries. There are also likely to be variations in underlying
medical conditions and the indication for surgery, which could
impact survival.

There are limited data reporting the impact of the COVID-
19 pandemic on paediatric surgery, mainly restricted to
single-centre and retrospective studies. Our data show that in
England during 2020, at the peak of the COVID-19 pandemic,
there were 212 011 surgical procedures in children, equating to
a 38% reduction compared with 340 596, the annual average for
the years 2015—19. This represents the cancellation or post-
ponement of >120 000 surgical procedures in 2020 alone and is
weighted much more heavily toward elective surgery
compared with emergency surgery. These data are consistent
with the surgical literature more broadly, which is more
heavily influenced by the impact on adult surgical services. We
have previously reported a 34% reduction in the volume of
surgical activity in the NHS in England across all age groups
over a similar timeframe.’” Research groups estimate the
volume of surgical activity in England is around 80% of pre-
pandemic activity.”” The resulting backlog of postponed and
cancelled surgery is well reported, but the resulting impact on
the quality and quantity of life for patients with surgical dis-
ease is largely unmeasured.’®?° This is the focus of the NHS
Elective Recovery plan,'® which sets an ambitious target of
increasing national surgical activity to 130% of pre-pandemic
levels. Our data also signal health disparity across socioeco-
nomic groups among children undergoing surgery, evidenced
by a greater volume of procedures among children from more
deprived socioeconomic strata. The greater need for surgical

input in more deprived children is supported by a higher
incidence of paediatric trauma in more deprived areas.*°
Families from higher socioeconomic strata may manage sur-
gical conditions privately to avoid cancellations or delays,
which may explain the lower volume of surgical procedures in
higher socioeconomic strata.

While there are high-risk surgical procedures and patient
groups, the overall mortality risk after paediatric surgery is
low. However, we did observe an increase in mortality risk
during 2020. Disruption of paediatric surgical procedures
combined with the increasing mortality risk, highlights the
vulnerability of the paediatric surgical population in health-
care system disruptions. Policy makers and healthcare pro-
viders would need to take account of health services
utilisation, the specific characteristics of the pandemic disease
in question, and individual needs of surgical patients, for
example including the potential redeployment of staff to other
clinical areas or services, when planning clinical services in
future pandemics particularly when children are affected by
the pandemic disease in question.

We report national trends of surgical volume and post-
operative mortality; however, further healthcare system-wide
research is needed to understand the causes of perioperative
morbidity and mortality in children, a neglected research area
compared with adult populations, to provide clinical context
and inform service planning and prioritisation in future
healthcare system disruptions. Future research should
address focused paediatric outcomes such as school absence,
although this would be challenging to deliver using adminis-
trative data without linking multiple data sets. A prospective
observational cohort study would be unlikely to provide
healthcare system perspective.

Strengths

We report paediatric outcomes on a national level, including
data from 1.8 million paediatric surgical patients. We use
routinely collected administrative data from all NHS hospitals
in England, so our study is less subject to inclusion bias. We
report in-hospital mortality rates within 90 days after surgery,
which addresses the acknowledged narrow scope of tradi-
tional outcome assessment at 30 days after surgery. Our data
are generalisable to high-income countries where, on a
speciality level, similar reductions in surgical volume were
observed nationwide.*’ Our data remain relevant, given the
continued impact of pandemic-related cancellations on the
recovery of elective surgical services. This is exemplified by
the inclusion of winter quartiles, which confirms observed
seasonal reductions in operating.

Limitations

The use of routinely collected data introduces a risk of incor-
porating incomplete or missing information. Although the
impact is often minor, we excluded incomplete or missing
data from our analysis to minimise this risk. Following
industry-standard procedures, we applied small number
suppression for low-volume surgical procedures or charac-
teristics to prevent inadvertent identification of patient sub-
groups. Consequently, we were unable to report mortality
rates for sentinel procedures because of low frequencies,
instead reporting length of stay. Our use of national health
systems data allowed us to report the volume of surgical
procedures and associated mortality across an entire health
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system. However, the data source is limited in some detail,
including comorbidities, anaesthesia care, and specific pae-
diatric outcomes such as absence from school. To broaden the
scope of the record-level analysis, we supplemented the
cohort with additional publicly available aggregate data. This
allowed us to report the trend in procedure volume in the
immediate post-pandemic period. However, the inclusion of
two cohorts may be a source of bias. While the record-level
cohort includes rich data on admissions and outcomes, the
aggregate data lacked detail on clinical outcomes and we were
unable to stratify the data by patient characteristic (e.g. age
category), which limited granularity of the analysis. Variations
in time coverage between the two cohorts may also cause
temporal misalignment. We pre-specified the age categories
and chose to report neonates aged <28 days separately from
infants aged <1 yr because neonates form a distinct surgical
population with unique physiological and pathological pro-
files. This analysis was limited to England’s publicly funded
national healthcare system so our findings may not be gen-
eralisable to other countries, private healthcare systems or
low- and middle-income countries.

Conclusions

We report the trends in paediatric surgical volume and asso-
caited mortality for an entire healthcare system over eight
years inlcuding during the COVID-19 pandemic. One in 14
surgical procedures were performed on children, with sub-
stantially lower mortality risk than adults.
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