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Abstract
Introduction:Neonatal aortic arch surgery is associated with neurological morbidity of varying severity which is detected
and potentially limited through neuroprotective strategies. We conducted a survey of healthcare professionals at all
neonatal cardiac surgery centres in the United Kingdom and Ireland to determine current intraoperative neuromonitoring
and neuroprotection practice.
Methods:An online cross-sectional survey was sent to congenital cardiac surgeons, cardiac anaesthetists, clinical perfusion
scientists, and clinical neurophysiology professionals in all 12 level 1 paediatric cardiac surgical centres. Information was
sought on their current clinical practice in neonates undergoing aortic arch surgery, including pharmacological management,
cardiopulmonary bypass, acid-base and blood pressure management, neuromonitoring, and hypothermic circulatory arrest,
and the feasibility and willingness to participate in a future clinical trial of neuroprotective strategies in these patients.
Results: We received 55 (34%) responses, including representatives of all four clinical disciplines in 9 (75%) centres.
Cooling to a nasopharyngeal temperature of 18°C before hypothermic circulatory arrest, selective antegrade cerebral
perfusion, and near-infrared spectroscopy (NIRS) monitoring are common practice, whereas pharmacology, acid-base
management, blood pressure and flow parameters, and NIRS-based interventions vary. In 7 (58%) centres, respondents
from all four disciplines were willing to consider participation in a future clinical trial on neuroprotection.
Conclusions: Aspects of intraoperative neuroprotection and neuromonitoring are common across centres, although key
areas of practice differ between practitioners and institutions. Most respondents were willing to participate in a future multi-
centre clinical trial, which suggests clinical equipoise in the optimal strategy to protect the neonatal brain during aortic arch
surgery.
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Introduction

Neuroprotection during cardiac surgery is fundamental to
optimise postoperative outcomes for neonates undergoing
aortic arch repair. This is, in part, achieved through neu-
romonitoring, an umbrella term used to describe a range of
techniques, devices and strategies to protect the nervous
system by detecting and thereby potentially limiting neu-
rological injury. Despite neuroprotective strategies, and
neuromonitoring, newly acquired ischaemic brain injury
following infant heart surgery is common, and 2–4 times
more likely to occur in neonates undergoing aortic arch
surgery.1 This contributes to the lifelong neuro-
developmental impairment observed in children requiring
surgery for congenital heart disease (CHD).2,3 There is also
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marked variability in the frequency of acute surgery-related
neurological events between centres,4 suggesting that
variations in practice may impact on outcomes.

Clinical practice guidelines suggest there are moderate
levels of evidence, with varying recommendation of pa-
rameters for deep hypothermic circulatory arrest, cerebral
perfusion, and anaesthetic management.5,6 Other neuro-
protective strategies and the utility of neuromonitoring are
primarily based on adult studies, laboratory models, or
small clinical trials in heterogeneous paediatric pop-
ulations. As a result, our understanding of optimal pro-
tection for the developing neonatal nervous system in those
undergoing aortic arch surgery is limited. Current literature
highlights variability in neuromonitoring and neuro-
protective practices,7–12 which may be driven by a lack of
evidence to support one technique over another, and lead to
outcome variability. The paediatric cardiac surgery litera-
ture contains few late-phase, randomised controlled trials
(RCT), emphasising the need for high-quality studies to
establish best practice,6,13 and minimising organ damage
during surgery was recently identified as the #1 research
priority in children with CHD.14

Understanding current neuroprotective and neuro-
monitoring practices being used across centres provides a
foundation for identifying areas that may benefit from
standardisation and may lead to improved outcomes. We
therefore conducted a survey of current practice during
neonatal aortic arch surgery in the UK and Ireland and the
willingness of clinicians to randomise patients to an al-
ternative neuromonitoring protocol in the context of a
multi-centre clinical trial.

Methods

In May 2024, a survey link was sent via email to consultant
paediatric cardiac surgeons, consultant cardiac anaesthe-
tists, clinical perfusion scientists and healthcare profes-
sionals in clinical neurophysiology at all level 1 paediatric
cardiac surgery centres in the UK and Ireland. The survey
remained open for 8 weeks; non-responders received a
follow-up email to prompt completion and were contacted
by telephone to encourage at least one response for each
specialist group per centre. Respondents provided consent
for anonymous reporting of survey data which was col-
lected using REDCap electronic data capture tools.15

The study design was informed by a previous survey,16

trends in adult aortic neuroprotective practice,8 guidelines
and recommendations.6,17 Participants were asked about
their current and routine neuroprotection and neuro-
monitoring practice in neonates (≤28 days) undergoing
aortic arch surgery, not including isolated coarctation repair
without cardiopulmonary bypass (CPB), and selected
questions were targeted to specific professional groups,
where appropriate. Respondents were also asked whether
their practice differed with patient age: infants (>28 days-

1 year) and older children (1–5 years). Finally, respondents
were asked whether they would be willing to adopt an
alternative neuromonitoring protocol within the context of
a multi-centre clinical trial. The list of questions is shown in
Supplemental Table S1.

Data were expressed as counts and percentages or
medians with interquartile ranges where appropriate. The
relationship between core body temperature, cardiac index
(CI), and blood pressure was assessed using Spearman’s
correlation coefficients. p < .05 was considered significant.
Analysis was performed using MATLAB (Mathworks,
Natick, MA) and STATA (StataCorp, College Station, TX).
The corresponding author had access to all study data and
final responsibility for the decision to publish.

Results

Respondents

The survey was completed by 55 (34%) healthcare pro-
fessionals, with responses from 13 (24%) cardiac surgeons,
17 (31%) cardiac anaesthetists, 13 (24%) clinical perfusion
scientists, and 12 (22%) neurophysiology professionals
(see Supplemental Table S2). At least one professional from
each discipline at each centre responded to the survey,
except cardiac surgeons with responses from 9 (75%)
centres (see Supplemental Table S3).

Pharmacology

Of 17 anaesthetists, 15 (88%) use a combination of agents
to induce general anaesthesia (GA). Nine agents are used
during induction, the most common being sevoflurane (14,
82%) and opioids (12, 71%). Anaesthetic maintenance is
achieved primarily by isoflurane (11, 65%), and fentanyl
for analgesia (13, 77%). Seven (41%) anaesthetists con-
sider certain agents neuroprotective, and three give either
steroids, halogenated agents, or magnesium immediately
prior to hypothermic circulatory arrest (HCA) to enhance
neuroprotection.

Neuromonitoring

Near-infrared spectroscop (NIRS) is used by respondents in
all centres, primarily to guide perfusion strategy (39, 52%)
and detect brain injury (29, 39%). Specific NIRS-based
interventions varied from checking cannula malposition
(33, 14%) to guiding blood transfusion (32, 13%) (Table 1).

Electroencephalography (EEG) is ‘sometimes used’
in 5 (42%) centres, predominantly to guide depth of
anaesthesia (4, 33%). When asked for specific inter-
ventions, EEG is only used to adjust the depth of an-
aesthesia by one respondent. When asked if the use of
NIRS or EEG changed surgical decision making, most
respondents said yes to NIRS (32, 74%), and No to EEG
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(12, 52%). No respondents utilise evoked potentials to
monitor the integrity of the spinal cord during surgery.

Blood and temperature management

Most respondents (20, 67%) routinely monitor invasive
blood pressure via a combination of unilateral radial and
femoral artery catheter probes, and 10 (33%) use either
radial or femoral artery blood pressure monitoring in
isolation. Blood gas management strategy is heteroge-
nous, with similar numbers of respondents favouring
pH-stat (9, 36%) and alpha-stat (7, 28%) alone, or pH-
stat during cooling and alpha-stat when rewarming (7,
28%). Two (8%) utilise a blood gas management
strategy based on the patient’s core body temperature.
The most frequent site used to measure core body
temperature is the nasopharynx (32, 73%). Almost all
respondents (42, 96%) use multi-site temperature
monitoring, the most common being nasopharynx
combined with bladder or rectal probes (15, 34%). Most
respondents (32, 74%) reported using nasopharyngeal
temperature to estimate brain temperature (Figure 1).

Haemodynamics and cardiopulmonary bypass

In conjunction with the activated coagulation time (ACT)
test, 4 (33%) centres use Rotational thromboelastometry
and 8 (66%) use Thromboelastogram. Once CPB is es-
tablished, all centres cool neonates before circulatory arrest.
Blood flow (measured as predicted cardiac index, (CI)) and
blood pressure targets during cooling varied between re-
spondents (Figure 2). Variability in blood pressure and CI
targets increase at lower core body temperatures compared
to higher temperatures. Overall, as core body temperature
decreases, blood pressure (rs: 0.49, p: 0.0001) and CI (rs:
0.54, p: <0.0001) targets decrease. During CPB, most re-
spondents (19, 76%) aim for a haematocrit between 25%–

30%, however on weaning from CPB, most (20, 80%) raise
this target to 31%–35%.

Hypothermic circulatory arrest

Almost half of respondents (21, 48%) across most centres
(8, 67%) cool to 18°C as standard practice before HCA
(Figure 3), although in the 9 (75%) centres with responses
from cardiac surgeons, HCA temperature is not uniform.
Twenty-one (47%) respondents report either a fixed period
at the target brain temperature, or a minimum cooling
duration before HCA. Median cooling duration before
HCA is 20 min (range 10–40), whilst one respondent waits
for 20 min at 25°C and another waits 10 min at 18°C before
starting HCA. Almost all surgeons (12, 92%) utilise se-
lective antegrade cerebral perfusion (SACP) and one (8%)
uses HCAwithout cerebral perfusion. Median temperature
of blood delivered via SACP is 20°C (IQR 18–24) and of
those who report an SACP blood temperature of 18°C (5,
39%), CI and blood pressure targets range between 0.4 and
1.5 L/min/m2 and <20–60 mmHg, respectively.

Neurological injury and future research

With these temperature and perfusion strategies, 10 (77%)
cardiac surgeons from 8 (67%) centres provided a duration of
HCA after which they would be concerned about neonatal
brain injury (median 40 min, range 20–100). In 8 (67%)
centres, CT,MRI, and ultrasound were routinely used to detect
brain injury and in 4 (33%) centres, NIRS and EEGwere used
where clinically relevant. Within the context of a future multi-
centre clinical trial of a novel neuromonitoring protocol, 7
(58%) centres had at least one cardiac surgeon, anaesthetist,
clinical perfusionist and professional within clinical neuro-
physiology that would be willing to participate, depending on
what would be required.

Discussion

In this survey of current practice in the UK and Ireland, we
found that aspects of intraoperative neuroprotection and

Table 1. Characteristics of near-infrared spectroscopy (NIRS)
and electroencephalography (EEG) use.

Device characteristics

Response, n (%)

NIRS EEG

Utility n = 75 n = 6
Perfusion strategy 39 (52) 0 (0)
Detect injury: Brain 29 (39) 0 (0)
Detect injury: Other organs 4 (5) 0 (0)
Depth of anaesthesia 3 (4) 4 (66)
Prognostication 0 (0) 1 (17)
Seizure detection 0 (0) 1 (17)

Intervention strategy n = 232 n = 1
Check cannulas 33 (14) 0 (0)
Do blood gas 32 (13) 0 (0)
Transfuse blood 32 (13) 0 (0)
Change temperature management 26 (11) 0 (0)
Vasodilate or vasoconstrict 26 (11) 0 (0)
Adjust ventilation parameters 26 (11) 0 (0)
Adjust cardiac index 24 (10) 0 (0)
Haemoconcentrate 17 (7) 0 (0)
Adjust depth of sedation 10 (4) 1 (100)
Perform ACT test 3 (1) 0 (0)
Bilateral SACP 3 (1) 0 (0)

Barriers n = 47 n = 79
Lack of equipment 6 (13) 26 (33)
Insufficient evidence 5 (11) 15 (19)
Trained staff 1 (2) 32 (40)
No barriers 35 (74) 6 (8)

ACT: activated coagulation time; SACP: selective antegrade cerebral
perfusion.
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neuromonitoring are common across centres, although key
areas of practice differ between practitioners and institu-
tions. As no respondents use evoked potentials to monitor
the integrity of the spinal cord, our findings primarily relate
to monitoring and protection of the neonatal brain. Almost
half of respondents cool to a nasopharyngeal temperature of
18°C before HCA, and almost all use SACP, NIRS mon-
itoring, and ancillary tests to assess coagulation during
CPB. In principle, respondents from most centres were
interested in participating in a multi-centre clinical trial of

neuromonitoring during neonatal aortic arch surgery,
suggesting that there is clinical equipoise in the optimal
neuromonitoring and neuroprotection strategy.

Pharmacology

The neuroprotective benefit of certain agents used during
neonatal cardiac surgery has been the subject of previous
research.18–22 Animal studies demonstrate that anaesthetic
agents can induce changes in the immature central nervous

Figure 1. Sites used to measure core body temperature (left) and estimate brain temperature (right).

Figure 2. 3D histograms illustrating target blood pressure (BP) and cardiac index (CI) used at different core body temperatures (left),
with corresponding violin plots (right). The width of each violin indicates number of respondents, the central white dot represents
median temperature, thick blue bars indicate interquartile range, and thin blue bars show the range.

4 Perfusion 0(0)



system changes, with long-term effects on neuro-
developmental outcome.23–25 While no evidence links
adverse cognitive development to short-duration, single
anaesthetic agent exposure, the effect of prolonged expo-
sure to multiple agents is unknown.26

The nature of cardiac surgery requires prolonged ex-
posure to these agents. The majority (88%) of cardiac
anaesthetist respondents use a combination of agents during
GA induction, and all use multiple agents during GA
maintenance for prolonged periods. Although trends were
seen in agent preference, our findings reflect the lack of
evidence for one anaesthetic technique over another to
impact on neurological outcome. For example, steroids
demonstrate neuroprotective characteristics in animal
studies,27 but to date, this strategy has not been proven to
have widespread clinical benefit28 although there may be
some benefit in selected sub-groups, such as those un-
dergoing palliative procedures.29 However, only 10% of
respondents consider steroids neuroprotective and 4%
administer them prior to HCA, presumably because there
are no large-scale RCTs demonstrating clinical benefit.6

Blood pressure and flow

Two thirds of respondents monitor invasive upper and
lower limb blood pressure. Although neonatal arch hy-
poplasia is seen in isolation or in combination with more
severe CHD, and therefore blood pressure monitoring
techniques vary accordingly, a combination of upper and
lower limb monitoring helps track cerebral and descending
aortic perfusion. It may also help to detect a gradient across
the proximal aorta and aortic arch,6 which can prompt
intervention.

The literature presents conflicting findings on blood flow
characteristics during hypothermia, and significant vari-
ability between patients.30,31 Cerebral blood flow velocity

during CPB-induced cooling has been shown to increase up
until the point of HCA, at temperatures as cold as 20°C.32

At temperatures below 20°C, it is generally considered that
cerebral autoregulation is lost, and as a result careful ad-
justments to CI and blood pressure targets should be made,
reflected by the CI and blood pressure management
strategies reported in our survey. In Figure 2, there is a clear
relationship between CI and blood pressure targets during
CPB-assisted cooling; as temperature decreases, so too
does CI and blood pressure, although variability in CI and
blood pressure targets at colder temperatures increased.

Haematocrit and coagulation

Haematocrit and coagulation practices are relatively uni-
form across survey respondents. Although research in this
field is relatively scarce, aiming for 25%–30% haematocrit
whilst on CPB,33,34 and higher when weaning from CPB
has been associated with more favourable outcomes.35 This
practice appears widespread in the UK and Ireland, al-
though few aim for >35% haematocrit during CPB
weaning. Higher post-CPB haematocrit makes blood more
viscous, facilitating haemostasis and reducing the likeli-
hood of blood product transfusion. However, blood
transfusion to counter haemodilution is not without risk and
requires manipulation of other blood-based parameters,
such as acid-base management.36

Acid-base management

We found a near-equal split in acid-base management
strategies, in line with current literature and suggesting a
lack of conclusive evidence for one strategy over another.6

In animal models, procedures involving deep HCA and a
pH-stat strategy were associated with improved postoper-
ative neurology.37 In infants, pH-stat management was

Figure 3. Temperature respondents cool to before hypothermic circulatory arrest (HCA).
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associated with lower postoperative morbidity, shorter EEG
recovery time, and shorter duration of intubation and ITU
stay, but no differences in long term neurological
outcomes.38

Temperature

Previous surveys of adult neuroprotective practice have
described similar results to our survey regarding the use of
SACP, NIRS, and HCA.8 Most adult aortic centres cool to
22°C–26°C before HCA, whilst our survey shows that
18°C is more common in neonates. Cooling reduces ce-
rebral metabolism in a dose-dependant fashion, with inter-
and intra-patient variability in the degree to which meta-
bolism changes during stages of hypothermia.39 The lack of
a uniform strategy for the management of patients subjected
to cooling during surgery may explain the variability seen
in adult cooling strategies31 and why some survey re-
spondents prefer warmer temperatures before HCA.

HCA and cerebral perfusion

Adult guidelines report moderate hypothermia with SACP
as potentially the safest cerebral protection strategy for total
arch replacement.40 In neonates undergoing isolated arch
repair, cerebral perfusion or limited duration DHCA are
considered reasonable strategies for optimising neurolog-
ical outcome,5 whilst in the Norwood operation, limiting
DHCA duration, using intermittent cerebral perfusion for
prolonged periods of arrest, and low-flow or selective
cerebral perfusion are commonplace.6

A recent study reported that in over 24,000 neonatal
cardiac procedures, the use of cerebral perfusion was as-
sociated with lower risk of neurological injury, and authors
comment that practice variation may adversely impact
outcomes.41 There were no associations between temper-
ature, cerebral perfusion, and neurological injury in those
undergoing isolated aortic arch procedures, perhaps due to
the relatively lower number of these procedures performed
and relatively low incidence of neurological injury.
However, the risk of neurological injury during the Nor-
wood procedure was higher with normothermia compared
with deep hypothermia when temperature was analysed as a
categorical variable, and lower when cerebral perfusion
was used.

In North America, more than 80% of cardiac surgeons
use cerebral perfusion post HCA,42 similar to the 92% in
our UK and Ireland survey. Although popular, the evidence
base for enhanced neuroprotection with cerebral perfusion
is limited, and lacks detail regarding optimal CI, blood
temperature and pressure, acid-base management, and
HCA temperature.43 This suggests the evidence base may
benefit from studies that incorporate neuromonitoring to
investigate optimal neuroprotective HCA strategies.

Neuromonitoring

In a recent scoping review of neuromonitoring practice in
neonates with CHD,7 intraoperative NIRS and EEG were
frequently used, but it remains unclear whether NIRS- or
EEG-based intervention is associated with improved out-
come. Adult aortic guidelines recommend intervention
based on NIRS monitoring,40 and although recommended
as part of anaesthetic management for infants undergoing
Norwood palliation,6 there does not appear to be consensus
on what interventions should be triggered. This is in
keeping with survey findings, and the rate at which NIRS is
used in the UK and Ireland is similar to European centres.11

All centres utilise NIRS but perform a range of interven-
tions. This contrasts with EEG, where few use it but of
those that do, its utility is more apparent.

EEG monitoring is not fully utilised in neonatal cardiac
surgery due to a lack of trained staff, equipment, and ev-
idence demonstrating utility. EEG can be used guide in-
traoperative cerebral protection,10 prognose outcome44 and
detect postoperative seizures45 but more evidence is needed
to demonstrate whether intraoperative EEG-based inter-
vention improves postoperative outcomes.

Limitations

Our overall response rate of 34% is similar to other surveys in
this field8 but included at least one response from each of the
professional groups across 75% of surgical centres in UK and
Ireland. This survey reflects the opinions and behaviours of
individuals in UK and Ireland centres and may not represent
the uniform practice of those centres. We did not ask whether
responses were based on departmental protocols or the liter-
ature, so our findings reflect self-reported practice, and no
inferences about clinical efficacy should be drawn. However,
clear commonalities and disparities between respondents and
centres are apparent, which warrants further investigation.
Some aspects of management may also have differed ac-
cording to patient factors, such as the complexity of CHD,
which may not have been captured, even with the availability
of free text responses. This survey is cross-sectional and cannot
capture changes in practice over time. Although questions
asked of respondents were comprehensive and in line with
current literature recommendations, there are aspects of peri-
operative neuroprotection and neuromonitoring that were not
considered, and there was limited scope for respondents to
elaborate on chosen responses. To address this, we will in-
terview respondents interested in participating in amulti-centre
RCT to further explore their willingness to change practice
within a trial.

Conclusions

In summary, aspects of neuroprotection and neuro-
monitoring during neonatal aortic arch surgery such as
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cooling to a nasopharyngeal temperature of 18°C before
HCA, and the use of SACP, NIRS monitoring, and ancillary
tests to assess coagulation during CPB, are similar across
centres. However, there is heterogeneity in key aspects of
practice and most respondents were willing to participate in
a future multi-centre clinical trial, which suggests clinical
equipoise in the optimal strategy to protect the neonatal
brain during aortic arch surgery.

Acknowledgments
We thank the clinicians who completed the survey. At University
of Birmingham, we are grateful to Laura Quinn for statistical
advice, and Andy Knight for assistance with REDCap.

ORCID iDs
William M. McDevitt  https://orcid.org/0000-0003-1547-5052
Nigel E. Drury  https://orcid.org/0000-0001-9012-6683

Ethical considerations
As a survey of healthcare providers about their professional
clinical practice, in accordance with UK Health Research Au-
thority guidance, formal research ethics committee review was not
required.

Author contributions
McDevitt: Conceptualization, Methodology, Software, Formal
analysis, Investigation, Resources, Data Curation, Writing-
original draft, Visualisation, Funding acquisition. Bilkhoo:
Methodology, Investigation, Writing-Review & Editing. Carver:
Methodology, Investigation, Writing-Review & Editing. Jones:
Methodology, Investigation, Writing-Review & Editing. Seri:
Software, Writing-Review & Editing, Supervision. Scholefield:
Supervision, Writing-review & editing, Visualisation. Drury:
Conceptualization, Methodology, Resources, Data Curation,
Writing-Review & Editing, Visualisation, Supervision, Project
administration, Funding acquisition.

Funding
The authors disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: William
McDevitt is funded by a Doctoral Clinical and Practitioner Ac-
ademic Fellowship from the National Institute for Health and Care
Research [NIHR302896]. Nigel Drury is part-funded by an award
from Birmingham Women’s and Children’s Hospital Charity [37-
6-337].

Declaration of conflicting interests
The authors declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Data Availability Statement
Data are available in online supplementary material and via the
corresponding author on request.

Disclaimer
The views expressed are those of the authors and not necessarily
those of their respective institutions.

Supplemental Material
Supplemental material for this article is available online.

References
1. Beca J, Gunn JK, Coleman L, et al. New white matter brain

injury after infant heart surgery is associated with diagnostic
group and the use of circulatory arrest. Circ 2013; 127:
971–979.

2. Marelli A, Miller SP, Marino BS, et al. Brain in congenital
heart disease across the lifespan: the cumulative burden of
injury. Circular 2016; 133: 1951–1962.

3. Morton PD, Ishibashi N and Jonas RA. Neurodevelopmental
abnormalities and congenital heart disease: insights into
altered brain maturation. Circ Res 2017; 120: 960–977.

4. National Institute for Cardiovascular Outcomes Research.
National congenital heart disease audit (NCHDA).
2020 summary report (2018/19 data), 2020. Available from.
https://www.nicor.org.uk/national-cardiac-audit-programme/
previous-reports/congenital-heart-disease-2/2020-1/
national-congenital-heart-disease-audit-nchda-final?layout=
file (Accessed 29 Aug 2025).

5. Stephens EH, Feins EN, Karamlou T, et al. The society of
thoracic surgeons clinical practice guidelines on the man-
agement of neonates and infants with coarctation. Ann
Thorac Surg 2024; 118(3): 527–544.

6. Alphonso N, Angelini A, Barron DJ, et al. Guidelines for the
management of neonates and infants with hypoplastic left
heart syndrome: the European association for cardio-thoracic
surgery (EACTS) and the association for European paediatric
and congenital cardiology (AEPC) hypoplastic left heart
syndrome guidelines task force. Eur J Cardio Thorac Surg
2020; 58: 416–499.

7. Pardo AC, Carrasco M, Wintermark P, et al. Neuro-
monitoring practices for neonates with congenital heart
disease: a scoping review. Pediatr Res 2025; 97(5):
1492–1506.

8. De Paulis R, Czerny M, Weltert L, et al. Current trends in
cannulation and neuroprotection during surgery of the aortic
arch in Europe. Eur J Cardio Thorac Surg 2015; 47:
917–923.

9. Browne LP. Temperature management on cardiopulmonary
bypass: is it standardised across Great Britain and Ireland?
Perfusion 2022; 37: 221–228.

10. McDevitt WM, Gul T, Jones TJ, et al. Perioperative elec-
troencephalography in cardiac surgery with hypothermic
circulatory arrest: a narrative review. Interact Cardiovasc
Thorac Surg 2022; 35(4): ivac198.

11. Feldmann M, Hagmann C, de Vries L, et al. Neuro-
monitoring, neuroimaging, and neurodevelopmental follow-

McDevitt et al. 7

https://orcid.org/0000-0003-1547-5052
https://orcid.org/0000-0003-1547-5052
https://orcid.org/0000-0001-9012-6683
https://orcid.org/0000-0001-9012-6683
https://www.nicor.org.uk/national-cardiac-audit-programme/previous-reports/congenital-heart-disease-2/2020-1/national-congenital-heart-disease-audit-nchda-final?layout=file
https://www.nicor.org.uk/national-cardiac-audit-programme/previous-reports/congenital-heart-disease-2/2020-1/national-congenital-heart-disease-audit-nchda-final?layout=file
https://www.nicor.org.uk/national-cardiac-audit-programme/previous-reports/congenital-heart-disease-2/2020-1/national-congenital-heart-disease-audit-nchda-final?layout=file
https://www.nicor.org.uk/national-cardiac-audit-programme/previous-reports/congenital-heart-disease-2/2020-1/national-congenital-heart-disease-audit-nchda-final?layout=file


up practices in neonatal congenital heart disease: a European
survey. Pediatr Res 2023; 93: 168–175.

12. Leon RL, Levy PT, Hu J, et al. Practice variations for fetal
and neonatal congenital heart disease within the Children’s
hospitals neonatal consortium. Pediatr Res 2023; 93(6):
1728–1735.

13. Drury NE, Patel AJ, Oswald NK, et al. Randomized con-
trolled trials in children’s heart surgery in the 21st century: a
systematic review. Eur J Cardio Thorac Surg 2018; 53:
724–731.

14. Drury NE, Herd CP, Biglino G, et al. Research priorities in
children and adults with congenital heart disease: a James
Lind alliance priority setting partnership. Open Heart 2022;
9: e002147.

15. Harris PA, Taylor R, Thielke R, et al. Research electronic data
capture (REDCap): a metadata-driven methodology and
workflow process for providing translational research in-
formatics support. J Biomed Inf 2009; 42: 377–381.

16. Drury NE, Horsburgh A, Bi R, et al. Cardioplegia practice in
paediatric cardiac surgery: a UK & Ireland survey. Perfusion
2019; 34(2): 125–129.

17. Czerny M, Schmidli J, Adler S, et al. Current options and
recommendations for the treatment of thoracic aortic pathologies
involving the aortic arch: an expert consensus document of the
EuropeanAssociation for Cardio-Thoracic surgery (EACTS) and
the European Society for Vascular Surgery (ESVS).Eur J Cardio
Thorac Surg 2019; 55: 133–162.

18. Duncan HP, Cloote A, Weir PM, et al. Reducing stress re-
sponses in the pre-bypass phase of open heart surgery in
infants and young children: a comparison of different fen-
tanyl doses. Br J Anaesth 2000; 84: 556–564.

19. Weale NK, Rogers CA, Cooper R, et al. Effect of remifentanil
infusion rate on stress response to the pre-bypass phase of
paediatric cardiac surgery. Br J Anaesth 2004; 92: 187–194.

20. Naguib AN, Winch P, Schwartz L, et al. Anesthetic man-
agement of the hybrid stage 1 procedure for hypoplastic left
heart syndrome (HLHS). Pediatr Anaesth 2010; 20: 38–46.

21. Müller M, Lurz F, Zajonz T, et al. Perioperative anesthetic
management of patients with hypoplastic left heart syndrome
undergoing the comprehensive stage II surgery: a review of
148 cases. Pediatr Anaesth 2024; 34: 1223–1230.

22. Andropoulos DB, Ahmad HB, Haq T, et al. The association
between brain injury, perioperative anesthetic exposure, and
12-month neurodevelopmental outcomes after neonatal
cardiac surgery: a retrospective cohort study. Pediatr Anaesth
2014; 24: 266–274.

23. Creeley CE. From drug-induced developmental neuro-
apoptosis to pediatric anesthetic neurotoxicity: were are we
now? Brain Sci 2016; 6: 32.

24. Lin EP, Lee J-R, Lee CS, et al. Do anesthetics harm the
developing human brain? an integrative analysis of animal
and human studies. Neurotoxicol Teratol 2017; 60: 117–128.

25. Vutskits L and Xie Z. Lasting impact of general anaesthesia
on the brain: mechanisms and relevance. Nat Rev Neurosci
2016; 17: 705–717.

26. The College of Anaesthesiologists of Ireland. Joint profes-
sional guidance on the use of general anaesthesia in young
children. Available from. https://www.anaesthesia.ie/latest-
news/joint-professional-guidance-on-the-use-of-general-
anaesthesia-in-young-children-2/, (Accessed 19 Mar 2025).

27. Shum-Tim D, Tchervenkov CI, Jamal AM, et al. Systemic
steroid pretreatment improves cerebral protection after cir-
culatory arrest. Ann Thorac Surg 2001; 72: 1465–1471.

28. Scrascia G, Rotunno C, Guida P, et al. Perioperative steroids
administration in pediatric cardiac surgery: a meta-analysis of
randomized controlled trials. Pediatr Crit Care Med 2014;
15: 435–442.

29. GrahamEM,Martin RH, Buckley JR, et al. Corticosteroid therapy
in neonates undergoing cardiopulmonary bypass: randomized
controlled trial. J Am Coll Cardiol 2019; 74(5): 659–668.

30. Aguet J, Fakhari N, Nguyen M, et al. Impact of cardiopul-
monary bypass on cerebrovascular autoregulation assessed
by ultrafast ultrasound imaging. J Physiol 2023; 601:
1077–1093.

31. Erecinska M, Thoresen M and Silver IA. Effects of hypo-
thermia on energy metabolism in mammalian central nervous
system. J Cerebr Blood Flow Metabol 2003; 23: 513–530.

32. Finnigan LEM, Lotto R, Jones H, et al. Cerebral blood flow
velocity and oxygenation in neonatal aortic arch repair at two
perfusion temperatures. Eur J Cardio Thorac Surg 2023;
63(6): ezad220.

33. Jonas RA, Wypij D, Roth SJ, et al. The influence of he-
modilution on outcome after hypothermic cardiopulmonary
bypass: results of a randomized trial in infants. J Thorac
Cardiovasc Surg 2003; 126: 1765–1774.

34. Newburger JW, Jonas RA, Soul J, et al. Randomized trial of
hematocrit 25% versus 35% during hypothermic cardio-
pulmonary bypass in infant heart surgery. J Thorac
Cardiovasc Surg 2008; 135: 347–354.

35. Ramakrishnan K, Kumar TS, Boston US, et al. Cardiopul-
monary bypass in neonates and infants: advantages of high
flow high hematocrit bypass Strategy—clinical practice re-
view. Transl Pediatr 2023; 12: 1431–1438.

36. Wilkinson KL, Brunskill SJ, Doree C, et al. Red cell
transfusion management for patients undergoing cardiac
surgery for congenital heart disease.Cochrane Database Syst
Rev 2014; 2: CD009752.

37. Priestley MA, Golden JA, O’Hara IB, et al. Comparison of
neurologic outcome after deep hypothermic circulatory arrest
with alpha-stat and pH-stat cardiopulmonary bypass in
newborn pigs. J Thorac Cardiovasc Surg 2001; 121:
336–343.

38. du Plessis AJ, Jonas RA, Wypij D, et al. Perioperative effects
of alpha-stat versus ph-stat strategies for deep hypothermic
cardiopulmonary bypass in infants. J Cardiothorac Surg
1997; 114: 991–1000.

39. Greeley WJ, Kern FH, Ungerleider RM, et al. The effect of
hypothermic cardiopulmonary bypass and total circulatory
arrest on cerebral metabolism in neonates, infants, and
children. J Cardiothorac Surg 1991; 101: 783–794.

8 Perfusion 0(0)

https://www.anaesthesia.ie/latest-news/joint-professional-guidance-on-the-use-of-general-anaesthesia-in-young-children-2/
https://www.anaesthesia.ie/latest-news/joint-professional-guidance-on-the-use-of-general-anaesthesia-in-young-children-2/
https://www.anaesthesia.ie/latest-news/joint-professional-guidance-on-the-use-of-general-anaesthesia-in-young-children-2/
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