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Summary

NeoDoppler is a noninvasive monitoring device that can be attached to a patient’s head to provide real-time continuous

cerebral Doppler evaluation. A feasibility study shows that it can be used in operating theatres during anaesthesia to

potentially guide haemodynamic management. We discuss the impact of this new device and which further research

would be necessary to find its role in clinical practice.
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In the June 2023 issue of BJA Open, Vik and colleagues1 report

the first clinical use in operating theatres of the NeoDoppler

(Cimon Medial AS, Trondheim, Norway). The NeoDoppler is a

noninvasive ultrasound device, initially used in neonatal

critical care.2 It provides continuous monitoring of cerebral

blood flow, traditionally obtained by indirectmeasures such as

continuous near infrared spectroscopy (NIRS) monitoring or

direct snapshots of cerebral perfusion using ultrasound

Doppler by a trained and skilled operator at the bedside.

In this feasibility study, 30 infants referred for noncardiac

procedures under general anaesthesia were recruited. They

weighed 930e9530 g and were aged 0.10e140 days (gestational

age: 24.6e41.4weeks) on the day of surgery. The authors report

a decrease in cerebral blood flow velocities, with the decrease

in end-diastolic value particularly marked (59% compared

with baseline) during induction and maintenance of anaes-

thesia. Peak systolic and time-averaged velocities were

reduced by 26% and 45%, respectively. All these values

returned rapidly to their baseline by the end of the recovery

period. Contrary to previous studies, the cerebral blood flow
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was monitored continuously. NIRS remained stable at the

baseline value throughout anaesthesia and the mean arterial

pressure did not drop significantly.

This study is of particular interest because it brings to our

attention an additional monitoring device to optimise the

anaesthetic management of some of our most vulnerable pa-

tients. It also promotes discussion onwhether, when, and how

to treat these patients if a decrease in cerebral flow velocity is

observed.
Effects of anaesthesia on the developing
brain

‘What are the effects of anaesthesia on the developing brain?’

is one of the 10 priority questions in anaesthesia and periop-

erative care listed by the James Lind Alliance and the National

Institute for Academic Anaesthesia. A large part of current

research in this area focuses on the direct toxicity of anaes-

thetic drugs on the immature neurological system, especially

the induced widespread neuro-apoptosis and alterations in

dendritic arborisation. Tremendous efforts have beenmade to

link the clinical observation of neurocognitive deleterious ef-

fects in children with previous exposure to general
naesthesia. This is an open access article under the CC BY-NC-ND license
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anaesthesia.3 Recent results from the GAS trial show that a

single and short exposure (less than an hour) to sevoflurane is

not associated with these complications 2 and 5 yr after

anaesthesia.4,5

However, deleterious cognitive effects can arise through

multiple ways. An underlying condition such as sepsis or

inflammation induced by the surgery itself can trigger neuro-

biochemical mediators that can cross the blood brain barrier

and affect central nervous system cells. Perioperative anaes-

thetic management can also be responsible for cerebral injury;

intraoperative complications such as hypoxia, hypotension, or

cardiac arrest during anaesthesia require prompt responses to

avoid brain injury or limit its extent.6 Even so, it is important to

note that no association has been made between hypotension

and adverse neurological outcomes in young children under-

going general anaesthesia.7

Neonates, especially of very low birthweights or gestational

age, are at higher risk of anaesthesia-induced complications8

from their global immaturity (cardiovascular, respiratory,

neurological), specific anatomy, and size. If these risks are

important during the induction and emergence phases of

anaesthesia, the complexity of the surgery (positioning,

duration, pressure on lungs or large vessels, haemorrhage, etc)

is also a source of potential anaesthetic instability during the

maintenance phase. Providing adequate monitoring is thus

necessary to identify potential anaesthetic or surgical com-

plications as early as possible and correct them. Interestingly,

in the study of Vik and colleagues,1 80% of the cases, where the

NeoDoppler was used, were classified as major surgical pro-

cedures, showing that the NeoDoppler can be used during

complex procedures.
Haemodynamic monitoring

Maintaining good organ perfusion during anaesthesia is crit-

ical, especially for the brain and heart. This is usually achieved

in neonates by targeting a mean arterial pressure in mm Hg

equivalent to the gestational age in weeks of the patient.

However, the normal ranges are not well established.

Adequate size and positioning of the blood pressure cuff

should be carefully considered. It can also be challenging to

obtain a reliable preoperative baseline blood pressure mea-

surement with a child that can be crying or agitated.

There are no clear guidelines for the anaesthetic moni-

toring required specifically for neonatal surgery apart from

minimum standards of monitoring set out by the Association

of Anaesthetists of Great Britain and Ireland.9 Recommenda-

tions include the prevention of intraoperative hypothermia,

use of a perioperative fluid management strategy, and opti-

misation of the haemoglobin concentration.10 Regarding blood

pressure monitoring, the choice between invasive or nonin-

vasive monitoring is not straightforward: factors that govern

that choice include the anaesthetist and their skills and

experience, time pressures of inserting the arterial line, risk of

vascular damage, and nature of the surgery. The continuous

haemodynamic monitoring and arterial blood sampling

providing by the arterial line are real benefits during complex

neonatal procedures.

The gold standard for cardiac output monitoring is based

on thermodilution, using invasive catheterisation of the

pulmonary artery and an arterial line. However, there are

patient weight restrictions for using the equipment. The
cardiac output can be evaluated less invasively using echo-

cardiography. Transthoracic echocardiography is difficult in

the operating theatre because the thorax is not easily

accessible. Transoesophageal echocardiography can be done

in infants as small as 1.7 kg.11 Both approaches are user-

dependent and require highly trained operators.

Many devices have been developed to overcome these

difficulties. Uncalibrated pulse contour systems are one

option, but they still require an arterial line.12,13 Their ap-

plications in neonates and infants are limited to children

above 3 kg. Oesophageal Doppler has been used in children

of >3 kg but the probe needs to be carefully introduced and

positioned.14
Noninvasive monitoring

In addition to devices that directly measure the pressures in

the heart or main vessels, other less invasive and indirect

approaches are available. More localised systems try to predict

good perfusion in specific vascular territories. NIRS15 can

typically be applied on the forehead or the back near the brain

or kidneys, to measure oxygenation in these tissues. The

plethysmographic variability index may be of additional value

to predict fluid responsiveness in anaesthetised children and

neonates.16,17 Thoracic bioimpedance is another noninvasive

approach, but the necessity to access the chest precludes its

use in many surgical settings.
Noninvasive cerebral haemodynamic
monitoring

The gold standard of noninvasive cerebral haemodynamic

monitoring in neonates is the transfontanellar cerebral

Doppler.18,19 The NeoDoppler highlighted by Vik and col-

leagues1 builds on this and has many advantages. This small

noninvasive device allows continuous measurement of cere-

bral perfusion in infants with an open fontanelle. A trained

user is required to position the probe, attach a specifically

designed hat, and troubleshoot repositioning the probe in case

of signal quality loss or to maintain the same angle of inso-

nation to ensure reproducibility of the data. It is also of note

that the NeoDoppler does not focus on a specific vessel (usu-

ally the middle or anterior cerebral artery in standard trans-

fontanellar cerebral Doppler), but covers the vessels hit by the

beam through the fontanelle window.

Vik and colleagues1 do not report any difficulties with the

NeoDoppler in neonates with small fontanelles. With more

traditional Doppler, it is sometimes difficult to find a good

insonation window, because of anatomical constraints, and

measure cerebral blood flow in the vessels of interest. The

broader approach of the NeoDoppler, not targeting specific

cerebral arteries, but taking velocity measurements from

vessels at different depths of the brain simultaneously,

probably explains this difference. Additionally, there does

not seem to be any weight restrictions with patients as small

as 930g benefitting from it. This report demonstrates that

cerebral Doppler can be utilised for an extended length of

time, in extremely young patients in an operating theatre.

Interestingly, the authors do not report any issues with the

blinded attending anaesthetist during surgery, suggesting

that the device does not interfere with regular anaesthetic

equipment, monitoring, and positioning.
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Cerebral blood flow: physiology,
management, and outcomes

With Vik and colleagues’ feasibility study demonstrating that

continuous cerebral blood flow monitoring is achievable, it is

necessary to understand how these new variables can be in-

tegrated into a clinical decision-making process. The physio-

logical rationale behind the NeoDoppler device is the direct

measurement of cerebral perfusion in the context of

anaesthesia-induced hypotension and the loss of cerebral

autoregulation during hypotension.

Cerebral blood flow physiology and pathophysiology have

been extensively studied in neonatal and paediatric intensive

care patients. Cerebral blood flow volume has been shown to

develop rapidly over the first 2 weeks of life.20 Below a

threshold, arterial vessels lose their ability to constrict or

dilate in response to a change in blood pressure to maintain a

steady blood flow. In neonates, the autoregulatory blood

pressure threshold is around 28e30 mm Hg. Further re-

ductions in blood pressure can lead to the functional blood

pressure threshold (the pressure at which cerebral function is

compromised) and the ischaemic blood pressure threshold

(the pressure at which structural integrity is compromised)

being reached. This latter threshold is usually assumed to be

at 50% of the baseline cerebral blood flow.21 The difficulties

thus arise when considering that the association between

these thresholds and deleterious neurodevelopmental out-

comes is not well known. No clear association could be

established between cerebral Doppler variables and brain

injury or long-term neurodevelopmental outcome in preterm

neonates.22

From a physiological standpoint, the treatment of clinical

hypotension is appealing in order to make sure that organ

perfusion is maintained: NIRS or NeoDoppler could highlight

that a certain degree of hypotension is leading to inadequate

cerebral perfusion. But is there a need to actively manage a

decrease in cerebral blood flow on the NeoDoppler with a

normal NIRS or even with a drop of the NIRS as well during

anaesthesia? These specific questions will need to be explored

in future trials including long term (5 yr) neurocognitive out-

comes as study endpoints.

Furthermore, how should such hypotension be treated?

This is obviously at the discretion of the attending anaesthe-

tist, who will select treatments based on the clinical state of

the patient. The difficulties identifying an optimal dose of

ephedrine in small children have been recently reported.23,24

In these populations, blood pressure corrections should be

carefully handled as fluid overload or inotrope-induced hy-

pertension can also have catastrophic consequences such as

pulmonary oedema or cerebral haemorrhages.23,25

A final issue is the blood pressure target. Is it, as in adults, a

decrease to 20% below the baseline value,23,24 or maybe a

combination of multiple elements, including those provided

by NIRS or the NeoDoppler?26 Once again, further researchwill

be necessary to establish goal-directed fluid and inotropic

therapy in these young and vulnerable patients undergoing

noncardiac procedures.
Conclusion

Vik and colleagues1 report the implementation of the Neo-

Doppler, a noninvasive device initially developed for neonatal

intensive care, to monitor the cerebral blood flow reliably,

efficiently, and continuously throughout general anaesthesia.
Their study poses many new questions, regarding the inter-

pretation of cerebral flow data and their integration in goal-

directed therapy for haemodynamic management. It is still

unclear which variables should trigger an intervention, using

which modalities, and towards which targets. Lastly, it is un-

certain if such therapies would lead to better neurocognitive

outcomes, whilst not exposing patients to the additional risks

and burden of fluid and inotrope therapy.
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