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Purpose: To evaluate the impact of clinical protocol change via active minimisation on the number of general anaesthetic (GA)/ 
sedation episodes for diagnostic ophthalmic purposes at Children’s Health Ireland at Temple Street (CHI-TS), Dublin, Ireland, from 
2016 to 2019, inclusive. Change was implemented following published cautionary principles in 2016 by the FDA regarding the 
potential neurotoxic risk from multiple GA exposure in children.
Methods: Retrospective analysis of electronic operating theatre records was completed using procedure codes “Ophthalmological 
examination” and “Examination of fundi”. Available records for patients undergoing multiple examination under anaesthesia (EUA) 
procedures were assessed for demographics, indication. Comparison was made regarding overall EUA numbers and breakdown for 
each year, before and after the new departmental approach. From 2018 onward, a patient-centred, departmental strategy of active 
minimisation of EUA was adopted, using strategies of “training, technology and patience”. A literature review was conducted using 
online databases.
Results: A total of 450 EUAs were performed over the 4 years investigated. In the former 2 years of the study period, prior to 
departmental policy change, EUAs represented 32% (304 of 948 total theatre episodes) of the ophthalmic theatre caseload. In the latter 
2 years of this study period, this proportion fell to 19% (146 EUAs of 783 theatre episodes). Total theatre case numbers were 
comparable in both time periods. Eighteen children had multiple EUAs (ie, ≥2 EUAs, mean 6.5, SD 2.9) for life/sight threatening 
indications, totalling 116 EUAs (25.7%).
Conclusion: A significant reduction in diagnostic EUA volume was accomplished resulting in reduced individual patient risk and 
increased capacity for surgical interventions. A detailed description of this methodology is included for the purposes of replication at 
comparable units. EUA will continue to play a crucial role in the management of life/sight threatening conditions but the application of 
a cautionary principle to reduce EUA, where possible, is appropriate to reduce potential for neurotoxicity.
Keywords: paediatric ophthalmology, general anaesthesia, developmental neurotoxicity, ophthalmology, examination under 
anaesthesia, paediatric anaesthesiology

Introduction
In recent years, there has been growing discussion concerning the potential risk of neurotoxicity in paediatric patients 
exposed to multiple general anaesthetics (GA). In 2016, the US Food and Drug Administration (FDA) issued an advisory 
notice on this topic.1 Following this, the Association of Paediatric Anaesthetists of Great Britain and Ireland (APAGBI) 
produced a guidance document in 2017 regarding a potential association between multiple or prolonged GA and 
neurotoxicity.2 Their recommendations were to limit exposure (volume and duration) to GA for this population, though 
specialty-specific guidelines are not universally available. The use of GA in paediatric ophthalmology can be divided into 
diagnostic examination under anaesthesia (EUA), and therapeutic. A coordinated focus on the considered and judicious 
use of EUA, which forms a significant proportion of GA volume in the specialty, would reduce overall GA burden.
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The safety of single and short (ie, <1 hour) exposure to GA in children, including the under 3 years age group, is 
supported by the available evidence regarding long-term neurocognitive outcomes.3–5 Ophthalmic procedures in children 
are usually of limited duration and require a single GA. However, some studies suggest a heightened risk of neurode-
velopmental injury with multiple exposures to GA.6

In certain life/sight threatening chronic conditions, multiple EUAs may be unavoidable where detailed conscious 
examination is often precluded in the paediatric age group.7–10 Examples include cohorts at high risk for familial 
retinoblastoma (RB), where EUAs to facilitate “intensive” fundus screening may be needed as frequently as every 4 
weeks.10 In congenital glaucoma or Coats’ disease, EUA (±treatment) is often required on a two to three monthly basis 
until the disease is controlled, with continued surveillance potentially required throughout childhood.11–13

In the context of intellectual disability (ID), autism spectrum disorders (ASD), or concurrent illness, necessary 
elements of assessment like cycloplegic refraction, fundal examination or electrophysiology can be very difficult in the 
awake patient, necessitating sedation or GA.7,14–16 Ophthalmic manifestations may be an identifying feature of paediatric 
multisystem disease17–19 with these children often requiring repeated comprehensive assessments.

Is there an identifiable subset of potentially avoidable EUAs, in spite of the challenging clinical context of many 
paediatric ophthalmic assessments? The establishment of general guidelines regarding indications for, goals of, and 
recommended intervals for EUA in paediatric ophthalmology would be instrumental in raising awareness amongst 
physicians of potential neurotoxicity, potentially reducing the GA burden on this vulnerable patient group. Freedom to 
deviate from such guidelines is essential as life- and sight-threatening conditions do not always obey protocols.

Potential strategies identified at our unit to reduce EUA burden utilise the principles of “technology, training, and 
patience.” Embracing novel equipment such as the iCare tonometer (Centrevue SPA, Finland) and wide field Optos 
retinal photography (Optos plc, UK) contribute useful information within the window of cooperation of a small child.20,21 

Clinician training in techniques such as Mohindra retinoscopy (ie, non-cycloplegic refraction in a darker environment) 
may be less overwhelming and more tolerable in certain situations (eg, ASD) thus obviating GA. Education on practice 
guideline updates was continuous, with a particular emphasis on those that may reduce EUA/GA burden. A trial of 
awake visual electrodiagnostic testing (EDT) in an abridged paediatric protocol may be appropriate in the first instance. 
A multi-visit approach, underpinned by patience, persistence, and child-centredness, may allow adequate data gathering 
without the risks to the patient or the influence of GA on data quality/interpretation.22,23

Using these principles and cognisant of the potential neurodevelopmental toxicity risk of repeated GA, our unit 
adopted a policy of active minimisation of EUA volume for ophthalmic purposes commencing in 2018. This paper 
presents an audit of the effect of this clinical policy change, demonstrating significant reductions in overall and individual 
volume of EUAs. A detailed discussion of the clinical methodology used and a literature review of neurotoxicity risk due 
to paediatric GA is presented. Herein, we discuss the fundamental concept that GA may not always be required to 
clinically evaluate the uncooperative child and should be used judiciously to safeguard normal neurodevelopment.

Methods
Retrospective analysis of anonymised operating theatre records at CHI-TS was completed from 2016 to 2019 inclusive. 
Both the total number of GA/sedation episodes and the proportion carried out for diagnostic ophthalmic purposes under 
Hospital In-Patient Enquiry system codes “Ophthalmological examination” and “Examination of fundi” were identified. 
This data set was generated using electronic record programmes Ormis (Dedalus, Italy), the Integrated Patient 
Management System and with the collaboration of the Information Communications Technology department of CHI-TS.

Available records were assessed for patient demographics, type of GA (ie, EUA vs procedure) and indication. 
A comparison was made between each year regarding overall GA use and breakdown. This audit was approved by the 
CHI-TS institutional clinical audit review group (CA2012-05) and adhered to the tenets of the Declaration of Helsinki. 
Individual patient written consent was not required due to the anonymised nature of the dataset collected. All data was 
collected and stored in compliance with national General data protection legislation (GDPR).

Active minimisation involved a patient-centred “training, technology and patience” strategy, employed in the outpatient 
setting. Suitable cases of children with non-emergent, non-life-threatening and non-immediately sight threatening disease were 
identified at the point of care who may otherwise have proceeded to EUA in the first instance for completion of their ophthalmic 
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assessment. Specific methods under the heading of “training” employed to actively minimise EUAs where possible were 1. 
Upskilling staff in the use of the Mohindra retinoscopy technique. It was trialled for the assessment of patients with intellectual 
disability/ASD requiring accurate refraction, 2. Departmental guidelines were updated to reflect the most up-to-date information 
from the literature (eg, deferral of nasolacrimal duct (NLD) probing/intubation until at least after 1 year of age). 3. Staff training in 
the utility of newly available investigations (eg, pedigree testing in RB to inform sibling surveillance intervals). Under the heading 
of “technology”, active minimisation strategies involved the introduction of novel equipment to our department, namely, iCare 
rebound tonometry, optical coherence tomography (OCT) and Optos wide field colour photography for rapid image acquisition. 
“Patience” was employed by 1. Gathering information over a multi-visit approach, and 2. Awake EDT was attempted in the first 
instance, conducted by an experienced senior electrophysiologist. 3. In advance of appointments and when available, children 
were invited to utilise the new departmental “sensory room”, in order to maximise patient acclimatisation to the clinical 
environment, promoting comfort and calm. In-depth discussion of the practicalities of implementation of the above methods 
and the literature providing rationale for their use is found below in the “Discussion” section.

Available literature on GA-associated neurotoxicity in paediatric populations was examined. Literature review was conducted 
using PubMed, MEDLINE and Cochrane databases and Google Scholar. Combinations of Medical subject headings (MeSH), 
their synonyms and international spelling equivalents were used (Table 1). Key core search terms were “ophthalmology”, 
“paediatrics”, “anaesthesia”, “neurotoxicity” and “risk”. Further refined searches were carried out, substituting “ophthalmology” 
with “dentistry”, “radiology”, “ENT” and their respective alternative international equivalent terms and synonyms. Comparably 
to ophthalmology, these subspecialties typically carry out EUAs in the paediatric population of our institution.

Results
EUAs constituted 35.2% of ophthalmic theatre episodes (187/532 GAs) in 2016 and 28.1% (117/416 GAs) in 2017. This 
reduced to 18.1% (67/371 GAs) in 2018 and 19.1% (79/412 GAs) in 2019.

Overall, in the former half of the study period, 2016 to 2017 inclusive, prior to departmental policy change regarding 
timing/use of EUAs, 304 EUAs represented 32% of the total 948 episodes in the ophthalmic theatre.

In the latter 2 years of this study period (2018 and 2019), EUAs fell to 19% (146 EUAs of 783 theatre episodes). It is 
noted that total theatre case numbers were comparable in both time periods (Figure 1).

A total of 450 EUAs were performed across the 4-year study period, 68% (304/450) of which were performed in the 
first half of the study. Of these, 116 EUAs (25.7% of all GAs over 4 years) were accounted for by the 18 children who 
had ≥2 EUAs (mean 6.5 EUAs, SD 2.9). Regarding individual case breakdown, eight of these children had RB (44%), 
five had glaucoma including Peters anomaly (28%), four had Coats’ Disease (22%) and one was unknown due to 
unattainable hard copy clinical records (6%) (Figure 2).

Four children had 8 or more diagnostic procedures (mean 10 procedures, SD 1.6), all of these occurring in the first 2 
years of the study period. Two of these were RB cases (50%), one glaucoma (25%) and the other unknown (25%) 
(Figure 3).

Table 1 Results Used for Statistical Analysis

Year EUAs (Expected) Other Eye Cases (Expected) Total Eye Cases/Year

2016 187 (138.30) 345 (393.70) 532

2017 117 (108.15) 299 (307.85) 416

2018 67 (96.45) 304 (274.55) 371

2019 79 (107.11) 333 (304.89) 412

Totals 450 1281 1731

Notes: Table demonstrating the relevant results used for statistical analysis (ie, rather than EUA and total cases, the valid comparison 
for statistical purposes is EUA and Non-EUA cases). Expected numbers are in brackets. The chi-square statistic is 46.27. The p-value is 
<0.00001. The result is significant at p < 0.05.
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The statistical significance of the change in numbers of EUAs over the four-year period was examined using the Chi- 
square test with the null hypothesis that there was no difference in the number of EUAs vs non-EUA cases over the four- 
year period (Table 1). This analysis showed that the change in EUA numbers over the four-year period was statistically 
significant (Chi-squared = 46.27, n = 1731, df = 3, p-value <0.00001).
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Figure 1 Proportion of examination under anaesthesia (EUA) procedures (blue) and non-EUA procedures (Orange) as proportions of total number of paediatric 
ophthalmology theatre procedures from 2016–2019. Note the decreasing proportion of EUAs across the study period representing active policy change in EUA booking. 
Abbreviation: EUA, examination under anaesthetic.
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Figure 2 Case breakdown of those that underwent multiple (≥2) EUAs, n = 18, during the study period, 2016–2019. 
Abbreviations: RB, Retinoblastoma; Coats’, Coats’ disease.
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Figure 3 Case breakdown of those that underwent 8 or more EUAs (n = 4). 
Abbreviation: RB, Retinoblastoma.
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Literature review search for GA-associated neurotoxicity in paediatric populations yielded a total of 3196 search 
results. Search terms and combinations are outlined in Table 2. Only published peer-reviewed data were included. 
Abstracts and non-English language articles were excluded.

On refined search, there were no systematic reviews, meta-analyses, review articles or randomised controlled trials 
specific to the subspecialties of ophthalmology, radiology, dentistry or ENT identified. On further search, three articles 
were relevant to the clinical question posed; one randomized controlled trial, and two review articles.3,4,24 Individual 
trials of relevance and interest were identified from manual analysis of reference lists of the above literature searches.

Discussion
A significant reduction in diagnostic EUA volume was accomplished by the CHI-TS ophthalmology department between 
2016 and 2019. The proportion represented by EUAs of total theatre cases decreased from 35.2% and 28.1% in the first 
two years to 18.1% and 19.1% in the latter two years. There is an increase in total cases between 2018 and 2019 (ie, 371 
to 412). Thus, assuming the same proportion of EUAs in both years it would be expected that there would be a small 
increase in number of EUAs also (Table 1).

This reduction in total number of EUAs and their proportion of total ophthalmic surgical throughput was achieved 
utilising the minimally invasive and innovative “technology, training and patience” strategies which resulted in a reduced 
burden of exposure to GA in our patient group. This did not represent reduced productivity, but rather redistribution of 
resources (ie, maximizing examination options in clinic) and reserving finite operating theatre resources for therapeutic 
interventions. As total theatre episodes were comparable in both time periods, this represents a greater proportion of 
interventions per annum. Thus, reduction of EUA volume not only reduces the potential neurotoxic burden, enhancing 
quality of care for the individual child but could also increase capacity for surgical interventions; we see non-EUA 
procedures make up a larger proportion of total theatre cases in the latter half of this study. Though not formally 
evaluated here, we postulate this could indirectly contribute to reduced waiting lists for the whole ophthalmic paediatric 
population and additionally carry an associated healthcare cost benefit associated with reduction in EUA/GA episodes.25

EUAs and therapeutic surgical interventions are not undertaken for trivial reasons and clinicians generally aim to 
reduce their number, postpone, or avoid GAs altogether whenever possible. There is growing international interest in the 
identification of safe and effective alternatives to GA for EUA.26 The initiatives employed in this study may be of 
relevance and benefit to other comparable paediatric ophthalmology units, similarly endeavoring to reduce the burden of 
avoidable EUAs in the evaluation of the paediatric patient. To this end, a detailed description is provided herein.

Firstly, this involved embracing the advent of new technologies to provide less invasive evaluation options, where 
available. iCare rebound tonometry was incorporated at the initial Nurse-led assessment for all clinic patients, following 
staff education in its use (also demonstrating the second “training” element). Measurement takes place following a brief 

Table 2 Literature Search Terms

Ophthalmology Paediatrics Anaesthesia Neurotoxicity Risk

Ophthalmology Paediatric Anaesthesia Neurotoxicity Risk

Ophthalmic Pediatric Anesthesia Neurotoxic Danger

Children Anaesthetics Neurodevelopmental

Infant Anaesthesiology Neurodevelopment

Radiology Dentistry ENT

Radiology Dentistry ENT

Neuroimaging Dental Otolaryngology

Notes: Initial literature search conducted using combinations of the below five terms and their alternatives/synonyms under headings of 
ophthalmology (eg, ophthalmology “or” ophthalmic) “and” paediatric “and” anaesthesia “and” neurotoxicity “and” risk. Further searches 
were conducted substituting ophthalmology and its synonyms for “radiology” or “dentistry” or “ENT” terms.
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clinical history, gross ophthalmic inspection, visual acuity measurement and crucially before potentially uncomfortable 
dilating drops are instilled that risk loss of the child’s cooperation. Valuable IOP measurement is gathered painlessly, at 
this point of potential maximal cooperation, and before children become unduly fatigued awaiting physician assessment.

Experienced ophthalmic nurses used this opportunity to identify those with previous recorded difficulty with 
cycloplegic drop instillation or awake refraction. This can be especially relevant in children with ID, chromosomal 
abnormalities (eg, Children with Trisomy 21, in whom atropine may be contraindicated, though evidence is 
conflicting27,28) or ASD who have concurrent refractive error. If suitable and with parental input, a trial of Mohindra 
refraction in the clinic setting can be offered.29,30 In this instance, physician training was required in the use of this 
technique, which utilises a darkened room with only the retinoscope light to focus on. It is performed at a working 
distance of 50cm and conventionally involves a corrective subtraction of +1.25D from the final objective spherical result. 
Advantages include a calm, darkened, less overwhelming environment for children susceptible to overstimulation and 
distraction. Additionally, it dispenses with the need for cycloplegic pharmacological agents, with their potential for 
associated ocular discomfort on instillation and other undesired affects.31,32 Anecdotally, this technique, originally 
described in 1975 by Mohindra,33 has proven useful to obviate the need for refraction under GA/EUA for a number 
of cases. Engaging the “training and patience” strategies, parents were upskilled in instillation and effects of cycloplegic 
drops for select cases. When administered as “home dilation” time could elapse for any associated distress to have 
resolved by the time of examination, while the effects of the drops persist.

Departmental training included dissemination of updated guidelines. These include avoidance of NLD intubation until 
after 1 year of age in congenital NLD obstruction, which has a high rate of spontaneous resolution by this time.34 Genetic 
pedigree analysis of siblings with RB informs and potentially lengthens their fundal examination screening intervals, if 
required at all.35

Technological advances in ophthalmic imaging systems such as the RetCam (Clarity Medical Systems, India) and 
ultra-widefield retinal imaging [Optos and Zeiss Clarus 500 (Carl Zeiss Meditec AG, Germany)]20,21,36,37 have led to 
faster acquisition times, in the setting of the potentially narrow window of a child’s cooperation. Exciting advances 
suggest that integration of artificial intelligence software into RetCam could be utilised in the diagnosis/classification of 
ROP on site or remotely,38 potentially further reducing EUA burden.

EUA is used as standard for EDT in other international settings,39 or under sedation with quoted rates of 70% requiring 
pharmacological measures.40 As part of the “patience” strategy, EDT was initially trialled awake, overseen by the senior 
departmental electrophysiologist. Prior to testing (and indeed before all clinical assessment or investigations, eg, Optos 
photography/OCT imaging) children were invited to spend time in the departmental sensory room, when time allowed. This 
is a dedicated, relaxed space incorporating fibre-optics, bubble tubes, tactile objects and soft seating to allow immersion in 
a comfortable environment. We observed a calming effect for our patients, promoting increased cooperation, mirroring 
published data.41,42 In the setting of minimal cooperation, prioritising of tests as per clinical indication guided their running 
order and acquisition speed. Children were allowed time to acclimatise to the dark environment and bottle feeding/cartoon 
watching on mobile devices were utilised as distraction techniques for electrode placement. All tests were performed 
according to International society of clinical electrophysiology and vision (ISCEV) guidelines.43 Benefits were observed 
particularly in children with ID/ASD/sensory processing issues or behavioural challenges. We feel this has contributed to 
the overall success in obtaining clinically relevant data without the need for EUA, but it is acknowledged that this is 
a difficult metric to formally measure and further study/audit is required. A conscious drive to reduce EUA/GA burden by 
promoting alternatives such as chloral hydrate sedation for EDT, among other ophthalmic procedures, is described in 
literature.26,44 However, this is not a strategy available at our unit to date.

In ophthalmic conditions that were neither life- nor sight-threatening, a new approach by departmental staff was taken 
to attempt clinical data gathering over several visits, if necessary, rather than defaulting automatically to EUA/GA. This 
multi-visit approach, underpinned by patience, persistence, and child-centredness, often allowed adequate data gathering 
without the risks to the patient or the influence of GA on the data quality/interpretation.

Those that underwent multiple EUAs were accounted for in the case breakdown by the life and sight threatening 
conditions discussed earlier. This underpins the crucial role EUAs will likely always play in this cohort of conditions in 
paediatric ophthalmology. Of note, some, if not all, of the RB and glaucoma cases who underwent 8 or more EUAs may 
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have had a therapeutic intervention during these encounters. Pre-procedure parental discussion/consent is essential to 
provide the option to examine and treat concurrently, preventing the need to return for a further, delayed GA. This also 
confers benefit in affording earlier intervention and better outcomes in time-sensitive or progressive conditions. Many 
cases of RB requiring radio- or chemotherapy are referred from CHI-TS to a subspecialising UK centre. Thus, the true 
volume for this vulnerable patient group is not completely captured here. Specialists caring for such malignant or 
imminently sight-threatening pathology will necessarily carry the disproportionate burden of EUA/GAs and this should 
be borne in mind when evaluating any similar audit results at comparable centres.

What is Known Regarding Neurocognitive Risk of Individual Anaesthetic Agents or 
Delivery Methods?
No individual anaesthetic agent, delivery method, or combination of agents to date has conclusively demonstrated 
neuroprotective or more potent neurotoxic effects over another in the context of multiple GA exposures.2,45,46 “Balanced 
anaesthesia” is achieved through small and safe doses from 3 categories of drugs (ie, analgesic, anaesthetic and muscle 
relaxation drugs) during the three key phases of induction, maintenance, and emergence. The underpinning concept is 
maximizing the beneficial effects of each agent while avoiding potential adverse effects associated with larger doses of 
any single agent.

Pain itself has a neurotoxic effect47,48 and must be balanced with the increased risk (apnoea, respiratory depression, 
tolerance, and hypoxia) of intraoperative analgesic agents (eg, opioids including fentanyl). Increased fentanyl concentra-
tions are found in the brain tissue of neonates and young infants due to an immature blood-brain barrier45 through direct 
causation with neurotoxic injury has not been established.49

Most elective paediatric GA in Ireland are typically managed with inhalational sevoflurane/isoflurane ±nitrous oxide 
for induction and maintenance50,51 When induction and maintenance of anaesthesia is through IV agents this is referred 
to as “total intravenous anaesthesia” (TIVA) and is preferentially employed in certain circumstances (eg, history of severe 
post-operative nausea and vomiting, certain day case procedures, trainee teaching, anticipated difficult airway manage-
ment, etc.).52 TIVA can involve a combination of agents with synergistic effects, eg, remifentanil potentiates the effects 
of propofol, reducing required propofol dose by ~50%.53 It has not been established if TIVA can offer a reduced 
neurotoxic risk over inhalational methods; however, lower required drug doses would imply less risk.

What is Known Regarding Neurocognitive Risk Through Single GA Exposure?
There exists considerable controversy on this question, with conflicting published data.

Animal studies (eg, nematodes, rodents, and primates) have demonstrated histopathological changes in their devel-
oping brains following GA exposure. Proposed mechanisms include apoptotic injury, reactive oxygen species damage, 
neuroinflammation, and variable expression at N-methyl-d-aspartate (NMDA) and γ-amino butyric acid (GABA) 
receptors. Virtually all anaesthetic agents in common clinical practice are implicated, exerting effects as NMDA 
antagonists (eg, ketamine, nitrous oxide) and GABA agonists (eg, benzodiazepines, barbiturates, propofol, volatile 
anaesthetics)54 It is difficult to extrapolate these findings to the developing human brain for several reasons and 
thankfully these findings have failed to replicate in human studies.2,55

The GA compared to Spinal anaesthesia in infancy (GAS) trial is the only randomised controlled trial evaluating 
neurotoxicity risk with GA in children. It compared two groups of approximately 350 children randomised to undergo 
awake-regional anaesthesia or sevoflurane-based GA for elective hernia repair. Supplemental anaesthetic agents were not 
allowed in the GA group. The surgery duration was <1 hour. It demonstrates that sevoflurane held no additional neurotoxic 
risk over regional anaesthesia at five-year analysis, using intelligence quotient (IQ) scores as a comparative metric.4

The Paediatric Anaesthesia Neuro Development Assessment (PANDA) study was an ambidirectional, multicentre, 
sibling-matched cohort study in the United States between 2009 and 2015. Otherwise-healthy children who had one GA 
exposure for inguinal hernia repair before the age of 3 years were evaluated prospectively for IQ scores, neurocognitive, 
and neurobehavioral effects. These children, aged 8 to 15 years, were matched to a sibling within 36 months of their age 
who had no GA exposure. Anaesthetic agents used included volatile agents (eg, sevoflurane, isoflurane), IV agents (eg, 
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propofol, thiopental, ketamine, midazolam, opioids) and adjunct caudal anaesthesia. There was no specific exploration of 
patient outcome according to the individual or combination of anaesthetic agents used. No statistically significant 
difference in the global cognitive/IQ scores of the exposed versus unexposed groups was demonstrated. Children who 
underwent multiple GA were not included.3

A similar Danish age-matched cohort study of 2689 children showed no difference in academic performance by age 
15 or 16 years. Again, individual anaesthetic agents used in the exposure group were not analysed for relative risk.54 

A recent dentistry publication showed no difference in full-scale IQ scores, the primary outcome, when measured 6 
months after awake-local anaesthesia procedures (n = 144) versus sevoflurane-based GA procedures (n = 129) in children 
under 7 years old.56 This was despite the mean duration of these procedures being longer than 1 hour.

Most available evidence supports the neurodevelopmental safety of a single short (<1 hour) GA exposure in children, 
with most ophthalmic EUA/procedures falling within this criterion. However, not all studies concur. An Australian 
observational data linkage study in 2018 specifically aimed to minimise confounders. It found that children exposed to 
one hospitalisation and/or one GA before the age of 4 demonstrated lower numeracy scores on high school entry testing 
than those who had no exposure.57 Further publications suggest statistically significant reduction in IQ, language 
comprehension, and cognition with a single GA exposure.58,59 A limitation of the evidence above is a lack of 
standardisation between scoring methods and correction for confounders. Establishing direct causation is challenging.

Is There Increased Risk with Multiple GA/EUAs?
The Mayo Anaesthesia Safety in Kids (MASK) study addressed neurodevelopmental outcomes from multiple GA 
exposure. IQ scores and neuropsychological assessments were taken as primary and secondary outcomes, respectively. 
An association between GA exposure before age 3 and IQ was not demonstrated. However, those in the multiple 
exposure group demonstrated neuropsychological testing patterns associated with behavioural and learning difficulties, 
with modest reductions in cognitive processing speed and fine motor coordination.5

The Mayo Clinic published several large, retrospective, paediatric population-based cohort studies. In summary, those 
undergoing multiple GA at a young age had a significantly increased risk for the development of learning disability (LD) 
and/or attention deficit hyperactivity disorder (ADHD) at an older age. Wilder et al state that participants with no or one 
exposure to GA had no increased risk of LD development. However, 35% of those multiply exposed before 4 years of 
age developed LD by 19 years versus 20% of the unexposed. Sprung et al quote an incidence of 10.7% of ADHD by the 
age of 19 in those multiply exposed to GA before the age of 2 years versus 7.3% in the unexposed. Authors acknowledge 
that patients with LD may be overrepresented in this study due to active/detailed investigation for LD and above average 
retention of patients in their well-regarded local health services. Though children that require multiple procedures likely 
have a higher burden of illness, increasing their risk of LD, researchers remained unconvinced that increased risk was 
fully attributable to these non-GA-associated confounders.60–63

The Avon Longitudinal Study of Parents and Children (ALSPC) was a United Kingdom (UK) cohort study enrolling 
13,433 children and compared 46 neurocognitive outcomes after single and multiple exposure to GA. It revealed some 
important results, namely lower motor and linguistic skills in all those exposed regardless of number of exposures. 
Additionally, dynamic balance, and behavioural scores were lower in the multiply exposed.64

Study Strengths and Limitations
Strengths of this study are the comparable 2-year period data sets from before and after the implementation of a new 
departmental strategy, allowing clear comparison of ophthalmic theatre use. Practical, patient centred methods to 
potentially reduce overall EUA numbers are generalisable and transferrable to most similarly equipped, tertiary paediatric 
ophthalmology departments. The technologies discussed are widely available at most European/North American centres. 
Analysis from the perspective of cost benefit was not carried out but would be expected to mirror the literature, 
demonstrating savings to the healthcare system for reduction of GA for EUA while reducing waiting lists for surgical 
interventions.25

Limitations of this study include its relatively short follow up. The retrospective observational design means that the 
ophthalmic diagnosis of children who avoided EUA in the latter half of the study period were not captured here. Surgical 
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theatre records were used to generate the data set, which do not always capture if therapeutic intervention was undertaken 
during the procedure. Further study including comprehensive chart review of all patients involved, including who 
underwent EUA and those in which it was deferred or avoided altogether is suggested. Formalised audit of the impact 
of individual methods used to reduce EUA burden would be helpful, eg, reduction in numbers of EDT events requiring 
reversion to GA following initial attempt at awake testing. However, due in part to a heavy reliance on hard-copy medical 
records, this information was not uniformly recorded in clinical notes. Rather, anecdotal comparison through staff 
interview was relied upon, with the possibility of recall bias, etc. However, overall, the above approaches are potentially 
useful data that would help identify cases suitable for EUA deferral/avoidance at other units who may wish to adopt 
a similar approach. Coming from an ophthalmic perspective, comprehensive markers of neurodevelopment/toxicity (eg, 
sibling-matched IQ) were not assessed and further study would be required to report future incidence/prevalence figures 
of neurotoxicity among those exposed in this study, acknowledging that causation is difficult to establish in the literature 
(eg, the effect of underlying medical conditions, multiple exposures to hospitalisation etc).

Summary
The PANDA, GAS and MASK studies demonstrate that single, short (<1 hour) exposure to GA in childhood confers 
minimal risk of neurodevelopmental injury.3–5 However, the published data does not fully resolve the issue of the risk of 
neurotoxicity from ≥2 GA in the paediatric population.57–59 All studies to date have been observational, apart from the 
GAS trial, which itself was limited regarding the neurotoxic risk through multiple exposures.4

Deliberate design of future studies is critical to attempt further clarification of neurodevelopmental risk from the 
individual factors (ie, patient, medication/pharmacological, surgical intervention) involved in GA. RCTs are difficult to 
power while maintaining the safety of the populace, and thus endpoints/outcome measures of case control/cohort 
studies64 must be deliberately designed and validated. A 2019 review article emphasises that delay of elective surgery 
until after age 3 or 4 is preferable for risk mitigation while further work is carried out to determine the most vulnerable 
age ranges and if certain anaesthetic agents are less toxic within particular age groups.65 Perhaps, a particular investiga-
tion will emerge as an objective and reproducible means of evaluating established neurotoxic damage or, better yet, to 
identify the most at-risk population before exposure. A small 2019 study by Oba et al suggested visually evoked potential 
(VEP) responses as an objective, reliable measurement of neurotoxicity in children multiply exposed to GA on at least 15 
occasions during treatment for corrosive oesophagitis. VEPs were performed in awake patients at least 3 days post op and 
compared with those of children with no previous GA exposure exposed to GA.66 A validated pre-EUA checklist may 
augment the decision-making process in a paediatric ophthalmology setting.

Conclusion: Where to Next? - Application to Clinical Practice
We have demonstrated significant reductions in EUAs through the application of a cautionary principle that repeated GA 
exposure in children may have deleterious neurocognitive effects over time. Active minimisation was achieved with the 
use of minimally invasive and innovative strategies for the evaluation of the paediatric patient such as new technology, 
updated training, and a multi-visit approach, thus leaving GA/EUA for unavoidable, challenging cases where the benefit 
outweighs potential risk. Reducing EUA/GA when possible, represents a common-sense, multidisciplinary teamwork 
approach between ophthalmologists and anaesthesiologists. Common goals are to minimise individual patient risk, 
maintain surgical list efficiency and reduce waiting lists. We believe the methods outlined adopted by our centre can 
be used to facilitate awake assessment of variably cooperative children in similarly equipped units internationally.

Is it advisable to discuss this potential issue with patients and parents, balancing this with the risk of causing 
unnecessary stress and fear? Some do advocate for this approach.67 The current consensus of the anaesthesia community 
of Ireland and the UK is that a discussion on this topic is not mandatory for every preoperative consultation.2

Any potential for harm through clinical intervention will remain an area of great interest to paediatric ophthalmol-
ogists, balanced with avoidance of delay for vital diagnostic/therapeutic indications, as echoed in the 2017 amendment to 
the original FDA advisory.68 Until this important clinical question can be definitively answered, all emerging evidence 
will be closely debated and scrutinised.
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