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Abstract

Purpose
To describe trends in postoperative oncological PICU utilisation, and to assess variations in case-mix
and outcomes between 2008-2017 and 2018-2022.

Methods

We conducted a national retrospective cohort study using PICANet data from English PICUs between
2008 and 2022. The study was divided into two policy eras (2008-2017 and 2018-2022) based upon the
2018 NHS England review. Admissions of postoperative PICU patients aged from 1 month to 16 years,
with malignant diagnoses, were included. Trends in PICU utilisation were assessed using Mann-Kendall
tests, while Cochran-Armitage testing was used for trends in organ support. Inter-epoch associations
were examined using bias-reduced logistic regression.

Results

The final cohort comprised 1,412 admissions from 1,250 patients. PICU utilisation increased across the
study period: annual admissions rose from 76 to 107 (1=0.40; p=0.042), aggregate PICU bed-days from
164 to 623 (1=0.71; p<0.001), median LOS from 1.0 to 1.9 days (1=0.66; p<0.001), and mean LOS from
2.2 to 5.8 days (1=0.56; p=0.004). Meanwhile, vasoactive-support use was the only organ-support metric
assessed to increase (p = 0.005). Following multivariable adjustment, admission in the later epoch was
associated with a significant increase in the likelihood of receiving vasoactive support (OR 2.06, 95% ClI
1.46-2.90; p<0.001), but not invasive ventilation (OR 1.09, 0.87-1.37; p=0.436) or mortality (OR 0.87,
0.30-2.56; p=0.802).

Conclusion

Postoperative paediatric oncology care in the PICU has become increasingly resource intensive. These
changes have occurred during the continued reconfiguration of paediatric surgery, highlighting
increasing demands on PICU capacity.

What is Known

e Over the last 30 years paediatric surgery has become increasingly centralised, with a greater role for
PICU support for postoperative care.

e However, national trends in postoperative paediatric oncology PICU utilisation and outcomes remain
poorly defined.

What is New:

e Postoperative oncological PICU utilisation has increased, with bed-days increasing faster than
admissions.

e This increasing resource utilisation occurred despite lower predicted mortality in the later epoch and
no difference in adjusted mortality, suggesting that rising PICU use was not driven by greater iliness
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severity at admission alone.

Introduction

Paediatric surgical care within the United Kingdom has become increasingly concentrated within
specialist centres, alongside evolving service configuration and successive national guidance. The
NCEPOD (1989) report introduced requirements for surgical unit competencies, training, and
caseloads. The NHS England Paediatric Critical Care and Specialised Surgery in Children Review,
presented by the British Association of Paediatric Surgeons in 2018 2] and summarised nationally in
2019 Bl continued this direction of travel towards networked specialist surgical services and post-
operative paediatric intensive care provision.

Centralisation has been associated with benefits but has also brought new challenges 1234 31, For
example, concentrating demand in tertiary centres pressurises waiting lists and may delay surgery if
dependent on paediatric intensive care (PICU) bed availability. PICUs have finite bed capacity and face
competing demands from other services [6,7.8] Changes in postoperative PICU use will also affect non-
surgical PICU capacity. The implications of increasing PICU post-operative workload on wider PICU
utilisation and outcomes remain poorly characterised.

Postoperative paediatric oncology patients are particularly vulnerable to the effects of surgical
centralisation and changes to PICU use. They often require level 3 care, face higher risk from treatment
complications, and frequently require complex operative interventions [9-14] Over the two decades there
has been an increased use of PICU for non-surgical oncology patients, alongside lower illness severity at
admission, and declining overall mortality (131 However, this analysis did not specifically examine
postoperative oncological admissions.

This analysis explores national trends in postoperative PICU utilisation, workload, and outcomes
following surgery among children with oncological diagnoses in England between 2008 and 2022.
Additionally, we have compared outcomes between 2008-2017 with those from 2018-2022, epochs
before and after the substantial reconfiguration in response to landmark policy changes.

Materials and Methods

Study Design, Population, and Setting

A retrospective cohort study was performed utilising data from PICANet (s, Participants were between

1 month and 16 years, with at least one oncological diagnosis, admitted to an English PICU, between 1
January 2008 and 31 December 2022. Data for Wales, Scotland and Northern Ireland were not sought, as
each required separate data sharing arrangements and these together made up only 15% of the UK total.
Strengthening the Reporting of Observational Studies in Epidemiology guidelines were followed el

(Online Resource 1).
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Cohort Derivation

The study period was divided into two epochs: 2008-2017 and 2018-2022, using the NHS England
Paediatric Critical Care and Specialised Surgery Review as a policy landmark to explore the impact of

service reconfiguration 2 3.

Planned and unplanned postoperative PICU admissions were included. Oncological diagnoses were
coded using the World Health Organisation’s International Childhood Cancer Classification Criteria

(ICCC-3) 7, Benign, indeterminate, and unmapped diagnoses were excluded. Where more than one
eligible diagnosis was recorded, the first recorded diagnosis was used. Primary admission diagnoses
were grouped using PICANet diagnostic classification ['8l. For analysis of variations in oncological case-
mix, synonymous diagnostic terms within the PICANet dataset were grouped. All eligible admissions
were analysed as discrete episodes, including readmissions. The exclusion criteria resulting in the final
analytic cohort are outlined in the flowchart below (Figure 1).

Clinical Variables and Outcomes

Baseline patient characteristics analysed included age, admission type (elective/non-elective), and
Paediatric Index of Mortality 3 (PIM3) score [l Primary outcomes with PICU utilisation metrics: annual
admissions, aggregate PICU bed-days, median LOS, and mean LOS. Here, aggregate bed-days are the
total LOS of all eligible patients within each year while the mean LOS metric is defined as aggregate bed-
days divided by annual admissions. Secondary outcomes were vasoactive support, invasive ventilation,
and mortality in the PICU.

Statistical Analysis

Patient characteristics were outlined using the median (IQR) for continuous variables and counts (%) for
categorical data, using Wilcoxon rank-sum and Fisher’s exact test, respectively. Welch's T-test was used
for assessing the differences in LOS means. Trends in primary and secondary outcomes were assessed
using Mann-Kendall and Cochran-Armitage tests, respectively. Bias-reduced logistic regression was
implemented to ascertain associations between epoch and secondary outcomes. PIM3 score, a variable
in the logistic regression analysis, underwent further modelling, as outlined in Supplementary Table 1
(Online Resource 2). To assess the possibility of readmissions disproportionately impacting secondary
outcomes, a second logistic regression model also assessed just first admissions (Supplementary Table
2; Online Resource 2).

Statistical analysis, data cleaning, and visualisation were performed in Microsoft Excel (version 2606)
and RStudio (Posit team, 2026) 201 There were no missing data for variables included in the final
analysis.

Ethics and Approvals
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Data use was approved by the PICANet Data Access Review Group and the Healthcare Quality
Improvement Partnership (HQIP, reference P082). No NHS Research Ethics Service and Committee

review was required according to the Health Research Authority decision tool [21],

Results

Baseline Characteristics and epoch Comparisons

The final analytic cohort comprised 1,412 postoperative PICU admissions from 1,250 unique patients
(Figure 1). The six most common diagnoses on admission were the same across the two epochs,
however the proportion of admissions they contributed differed significantly (Supplementary Fig. 1;
Online Resource 2). The 2018-2022 epoch saw an increase in annual surgical PICU admissions (Table
1). Age, admission type, PIM3-predicted mortality, length of stay, and crude mortality differed
significantly between epochs (Table 1).
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Characteristic Overall 2008-2017 2018-2022 -
value

Total admissions, n (mean annual) 1,412 887 (88.7) 525 (105)

Readmissions, n (% of total 162 (11.5) 97 (10.9) 65 (12.4) 0.437

admissions)

Age, months 63 (28-129) 55 (26-119) 79 (33-139) <0.001

Age categories, n (%) <0.001

<1 Year 111 (7.9%) 79 (8.9%) 32 (6.1%)

1-5 Years 653 (46.2%) 437 (49.3%) 216 (41.1%)

>5 Years 648 (45.9%) 371 (41.8%) 277 (52.8%)

Sex, n (%) 0.2

Male 789 (55.9%) 485 (54.7%) 304 (57.9%)

Female 623 (44.1%) 402 (45.3%) 221 (42.1%)

Admission type, n (%) 0.024

Planned following surgery 1,102 (78.0%) 675 (76.1%) 427 (81.3%)

Unplanned following surgery 310 (22.0%) 212 (23.9%) 98 (18.7%)

PIM3 predicted mortality, %, median  0.88 (0.42- 1.26 (0.72- 0.46 (0.19- <0.001

(IQR) 2.50) 3.41) 0.87)

Length of stay (days), median (IQR) 1.6 (0.9-3.0) 1.2 (0.9-2.9) 1.8 (0.9-3.1) <0.001

Length of stay (days), mean (SEM) 3.38 (0.21) 3.07 (0.21) 3.90 (0.43) 0.088

Invasive ventilation, n (%) 675 (47.8%) 427 (48.1%) 248 (47.2%) 0.8

Vasoactive support, n (%) 224 (15.9%) 131 (14.8%) 93 (17.7%) 0.2

Mortality, n (%) 25(1.8%) 21 (2.4%) 4 (0.8%) 0.035

Table 1: Baseline Characteristics of Postoperative PICU Admissions for Children with Malignancy. Inter-
epoch variables were compared using the Wilcoxon rank-sum test and Fisher's exact test for continuous
and categorical variables respectively. Welch's T-test was used for difference of the means.

Trends in Postoperative PICU Admissions

Postoperative PICU admission volume increased modestly across the study period (Kendall's T = 0.40; p
= 0.042), while aggregate PICU bed-days showed a substantially stronger increasing trend (t =0.71; p <
0.001). Median LOS (1t = 0.66; p < 0.001) and mean LOS (t = 0.56; p = 0.004) also increased, suggesting
that rising total bed use reflected both greater admission volume and longer postoperative stays (Figure
2). From 2019, median LOS remained relatively stable (1.9-2.0 days), while mean LOS reached 5.8 days
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by 2022. In 2008, the 90th and 95th percentiles were 4.0 and 5.9 days, respectively. These had risen to
10.4 and 23.9 days by 2022, consistent with a lengthening upper tail of the LOS distribution.

Trend in Organ Support Over Time

There was no trend in the use of invasive ventilation seen across the study period (x2 = 0.09; p = 0.766),
however a significant increase in vasoactive support use was observed (x2 = 8.03; p = 0.005).

Clinical Outcomes in the two epochs

Mortality was lower in the 2018-2022 epoch (0.8%) when compared with the 2008-2017 period (2.4%),
although numbers were too small to support further analysis. The PIM3-predicted mortality was
considerably lower in the second epoch yet both time periods saw a similar proportion ventilated, with a
trend towards more vasoactive support in the second epoch. After adjustment for case mix, epoch 2 was
associated with higher odds of vasoactive support but not invasive ventilation or mortality (Table 2).

Table 2: Adjusted odds ratios for clinical outcomes by study epoch (n = 1,412)

Outcome Adjusted OR  95% CI p-value
Invasive ventilation  1.09 0.87-1.37 0.436
Vasoactive support  2.06 1.46-2.90 <0.001
Mortality 0.87 0.30-2.56 0.802

Discussion

Between 2008 and 2022, admission numbers increased modestly, while associated total resource-use
increased substantially, particularly through longer stays and greater aggregate bed-day use. Resource
utilisation was greatest during the later years of the study, overlapping with epoch 2. The rise in
admission volume was predominantly among planned postoperative admissions and those over 5 years
old, whilst PIM3-predicted mortality was substantially lower in epoch 2. This pattern suggests that
increasing PICU resource utilisation may reflect changes in perioperative pathways, case selection,
oncological case-mix, or postoperative care, rather than there being greater physiological severity at
admission. These changes in PICU utilisation have implications for care delivery, staffing, and resource
use. While crude mortality was lower in epoch 2, adjusted mortality odds did not differ.

Our findings provide national-level evidence that PICU resource use is increasing during a period of
continued reconfiguration of paediatric surgery (23], This mirrors changes in non-surgical oncology
admissions, where a cohort within the same dataset also demonstrated increasing admissions and
longer stays, while predicted mortality declined (3] The lower PIM3-predicted mortality observed in the
postoperative cohort could signal changes in admission threshold, although direct attribution is hard to
assign when other factors could be present. For instance, evolving perioperative and anaesthetic
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practice (22231 surgical case selection 24, and evolving PICU practices 2521 a|| could result in enhanced
patient physiology at admission, with consequently lower PIM3 risk.

The substantial growth in postoperative PICU bed-days, driven both by increased admissions and longer
stays has implications for service planning. Lack of planning will cause delays in elective surgery and
limit PICU availability for non-surgical unplanned admissions.

Strengths and limitations

The principal strength of this study is its national scope and use of a robust, prospectively collected,
validated dataset, while the 15-year timespan enables long-term trend analysis. The inclusion of
resource-use metrics in parallel with clinical outcomes provides a broad assessment of service
utilisation.

However, limitations include the observational design, precluding causal inference. Evolving surgical
techniques, oncology protocols, and admission thresholds are likely to affect admission numbers,
alongside policy changes. Barriers to PICU discharge were not captured by the dataset; the observed
increase in PICU utilisation may reflect changes in downstream patient flow rather than clinical need.
The cohort describes postoperative oncological PICU admissions in England, rather than all surgical
PICU admissions, so may not be generalisable. Repeat admissions were retained as separate episodes
and may introduce within-patient correlation; however, estimates were similar when analyses were
restricted to the first eligible postoperative admission per patient (Supplementary Table 2).

PIM3 was excluded from the invasive ventilation regression model as ventilation at admission forms
part of its calculation. PIM3 is designed as a general paediatric intensive-care mortality estimator [8]

and has been externally validated in other national PICU populations [27] but its performance has not
been specifically established in postoperative paediatric oncology. Furthermore, the wider-ability of

generic critical-care severity scores to assess the risk of children with cancer has been questioned 2829,
Finally, the second epoch included the COVID-19 period. Evidence has shown that the pandemic

disrupted cancer diagnostic and treatment pathways [30] including paediatric oncology care 311, Despite
this, a UK multicentre paediatric service evaluation found no evidence of delayed presentation for

paediatric cancer cases 32, Paediatric critical care provision was also substantially altered; some
English PICUs were repurposed to provide adult critical care, and there was a marked reduction in

planned postoperative PICU admissions during 2020 [33,34] contrary to the trends we described from
2018-2022. Finally, increased demand for paediatric hospital and critical care services in 2021-2022 has
been noted, and is thought to be due to an increase in respiratory infections following relaxation in social

isolation 3%, These disruptions may have influenced patterns of elective postoperative admission to
PICU during the second epoch.

Conclusion
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Over the past 15 years, postoperative paediatric oncology care in England became more resource
intensive. Aggregate PICU bed-days, median LOS, and mean LOS increased alongside a more modest
rise in admission numbers. Vasoactive support also increased, despite no change in the use of invasive
ventilation. These shifts occur during the continued reconfiguration of surgical services and highlight a
growing interrelation between critical care and surgical capacity.

Sustaining specialised paediatric surgery requires PICU resources as well as surgical expertise. National
planning needs to address the increasing resource requirements, with integrated strategies for staffing,
bed capacity, and perioperative pathways to meet escalating utilisation.
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Figure 2

Trends in postoperative PICU utilisation and length of stay, 2008-2022.

(a) Annual postoperative PICU admissions, aggregate PICU bed-days and mean PICU length of stay (LOS),
indexed to 2008 (=100). Lines connect observed annual values without smoothing. (b) Distribution of
admission-level PICU LOS by year on a logarithmic scale. Boxes represent median and interquartile range,
grey points represent individual admissions, and the blue line represents annual arithmetic mean LOS.
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