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EMERGING TECHNOLOGIES AND INNOVATIONS IN ANAESTHESIA 
 
 
INTRODUCTION 
Ancient history is littered with sporadic reports of physicians administering various herbal 
concoctions to induce a state of anaesthesia: Sumerians are recorded to have used opium 
extracts since 4000BC; the ancient Indian physician Shusruta sedated patients using cannabis 
vapour; and the ancient Greeks used a concoction of mandrake and hemlock boiled in wine to 
anaesthetise soldiers for cautery or amputations. Similar variations and minor developments in 
these practices of administering herbal concoctions with sedative or analgesic properties 
characterised anaesthesia until the 1800s. In 1846, William TG Morten performed the first public 
successful demonstration of ether anaesthesia for surgery, and this seems to have renewed 
interest in anaesthesia. This was soon followed by the development of chloroform anaesthesia, 
popularised by John Snow’s using it on his most famous patient, Queen Victoria(2).The 
devastation of the diphtheria epidemic of the late 1800s was subverted in 1885, by Joseph 
O’Dwyers invention of the endotracheal tube(3). 
 
The turn of the 20th century saw the discovery of neuraxial anaesthesia, which was made possible 
by the recent invention of the hypodermic needle. A flurry in the development of oral airway 
devices and breathing systems ensued, assisting anaesthesiologists to ensure adequate 
ventilation during anaesthesia. 1937 saw the invention of the Macintosh curved laryngoscope 
blade, and invention that is still used daily in anaesthesia 80 years later. New drugs such as local 
anaesthetics, intravenous induction agents and neuromuscular relaxants were incorporated into 
the anaesthetic arsenal in the first half of the 20th century, and so the anaesthetic triad was born. 
 

 
Figure 1: “The First Operation with Ether” (1882–1893). Painting by Robert C Hinkley 

In 1954, Beecher and Todd published their report on perioperative mortality, “Deaths associated 
with Anaesthesia and Surgery”, and so the focus on future development in anaesthesia shifted to 
patient safety. Subsequent development included the Severinghaus electrode and the publication 
and adoption of Aldrete’s Post Anaesthetic Recovery Score. The pulse oximeter, which is today 
an essential and basic monitor in anaesthesia, only began commercial distribution in 1981. More 
recent inventions in anaesthesia have focussed on more accurate and appropriate monitors for 
patient safety, and innovations to improve patient experience under anaesthesia have recently 
come to the fore. The following text will outline recent developments in anaesthesia. 
 
NOVEL CARBON DIOXIDE ABSORBERS 
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The first CO2 absorber suitable for use in anaesthesia was invented in 1919 by Dr Ralph Waters, 
and remained in use until the early 1960s in his “Water’s to-and-fro” system. He noted decreased 
anaesthetic gas consumption and operating room pollution, improved humidification and 
decreased loss of body heat from patients as advantages of CO2 absorption(4). Since then, the 
constituents of CO2 absorbers have incrementally evolved. With the resurgence of low flow 
anaesthesia, the CO2 absorber is an important component of the anaesthetic armamentarium. 
 
Traditional CO2 absorbers consist of pellets made up of a catalyst (usually KOH or NaOH), water 
and Ca(OH)2, which is converted to CaCO3 when exposed to CO2. Problems with these traditional 
carbon dioxide absorbers are: 

 when desiccated, they degrade volatile anaesthetic agents into toxic compounds 
(Sevoflurane into Compound A, and Desflurane into carbon monoxide). It is believed that 
the catalysts NaOH and especially KOH are responsible for this reaction. 

 NaOH and KOH remain in the exhausted CO2 scrubber and cause reversion of the pH 
based dye indicator, rendering this safety mechanism unreliable 

 Pellet composition of the CO2 absorber may lead to inefficiency due to channelling, and 
dust particles may harm the patient or equipment(5) 

 
Carbon dioxide absorbers are used in a wide range of industries: mining, diving, military and naval 
operations such as in submarines, as well as in spaceflight. Although the use of Lithium hydroxide 
as a carbon dioxide absorber made its debut in anaesthesia in 2010, it has been used in 
spaceflight since the 1970s. It featured prominently in the events of the Apollo 13 disaster, where 
an explosion on board the spacecraft necessitated astronauts to build a CO2 absorber from the 
materials which remained aboard their capsule(6). The reaction of the Lithium hydroxide absorber 
is as follows: 
 

 
 
Stabernack et al compared 8 different CO2 absorbers, including Soda lime, Baralyme, Amsorb 
and Lithium hydroxide(7).They were exposed to a simulated anaesthetic in which they were 
exposed to 1.5% sevoflurane, 4.3% desflurane and carbon dioxide at a flow rate of 300ml/min. 
The tendency of the different formulations of CO2 absorbers to degrade volatile anaesthetic 
agents, to produce Compound A from Sevoflurane and carbon monoxide from Desflurane, and 
their carbon dioxide absorbing capacities were compared. Degradation of the volatile 
anaesthetics was minimal with LiOH and Amsorb, and greatest with Baralyme. Similarly, 
production of Compound A from sevoflurane and carbon monoxide from desflurane was minimal 
with LiOH and Amsorb, and greatest with Baralyme. When comparing CO2 absorption capacity, 
LiOH displayed clear superiority, with an exhaustion time 225 to 250% greater than the other 
absorbents. Amsorb, however, had the shortest absorption time. It is this superior lifespan of LiOH 
that made it an attractive feature for use in spaceflight. 
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Figure 2: Relationship between outflow concentration of sevoflurane and time (left), and the 
appearance of Compound A (right) 

Figure 2: Relationship between outflow concentration of desflurane and time (left), and the 
appearance of carbon monoxide (right) 
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There are two commercially available Lithium based CO2 absorbers: 

 Litholyme (Allied Healthcare Products Inc.):  Lithium chloride. The pellet preparation has 
the advantage of being familiar to anaesthetists, and is refillable. The exhaustion indicator 
dye has a permanent colour change. 

 SpiralithTM (Micropore Inc.): a novel preparation of lithium hydroxide that is distributed onto 
a polymer matrix which is rolled into a non-deformable spiral shape. This prevents the 
problems associated with channelling and dust formation from occurring. It may be 
returned to the manufacturers, where it is recycled by heating to 800ºC in water. However, 
the absence of an indicator dye places responsibility on the anaesthesiologist to monitor 
inspired carbon dioxide levels to detect CO2 absorber exhaustion. Lithium hydroxide 
absorbers may have positive economic benefits by having a longer lifespan, consuming 
less volatile anaesthetics and being recyclable. 

The reaction between lithium peroxide and carbon dioxide has the added advantage of producing 

oxygen, and would be an even more attractive CO2 absorbing substrate. 
 

 
Figure 3: Comparison between SpiralithTM and Traditional carbon dioxide absorbers(8) 
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SIMULATION 
Training programmes in anaesthesia are required to integrate theoretical teaching and skills 
acquisition into their curricula, with the goal of training anaesthesiologists who are equipped with 
the knowledge to assess and manage patients with complex pathophysiological conditions, the 
skill to perform physical interventions and the ability to make decisions under dynamic and 
stressful perioperative conditions. 
 
Simulation has been used for centuries by soldiers practising combat skills, and the concept of 
simulation in anaesthesia is purported to have been inspired by the use of simulation in aviation 
training. The earliest simulator in anaesthesia was “Resusci Annie”, a CPR training mannequin 
created by Norwegian toymaker Laerdal(9).Other basic simulators include mannequins for airway 
training, intravenous access and neuraxial anaesthesia. Since then, simulators have been 
developed to realistically replicate physiological and pathophysiological processes. High fidelity 
simulators are able to blink and display pupillary reactions, express colour changes such as 
cyanosis; breathe; and may also simulate airway abnormalities such as tongue swelling and 
laryngospasm. Furthermore, they simulate components of the cardiovascular system such as 
peripheral pulses and an ECG; urine is produced; and they react appropriately to drugs 
administered to them by the operator.  
 

 
 Figure 4: Benefits of simulation 

In addition to the ethical consideration of subjecting real patients to be practice material, 
simulation allows clinicians to practice procedures which may be technically demanding, 
uncommonly practised or required to be performed in emergency conditions: such as regional 
anaesthesia, central line insertion and advanced airway management (fibreoptic intubation, 
double lumen tube intubation, bronchial blocker insertion, establishing emergency surgical 
airways and CPR, to name a few). Simulation is also effective in training the perioperative team 
with crisis management skills and management of rare anaesthetic conditions, such as malignant 
hyperthermia, anaphylactic shock and pulmonary embolism. In this way, equal exposure to 
different clinical scenarios is guaranteed to trainees within an anaesthetic training programme. In 
addition to technical skills, simulation also develops the non-technical skills of managing other 
members of staff, communication skills, situational awareness and conflict resolution.  
 



Page 8 of 27 

Specialist anaesthesiologists are required to pass a simulated examination every ten years for 
the Maintenance of Certification examination in anaesthesia, and the American Board of 
Anaesthesiology requires anaesthesiology residency programmes to expose residents to at least 
one simulated experience per year(10). 
 
Virtual reality (VR) is emerging as a platform for simulation in anaesthesia. It entails a digital 
replication of the physical environment by software onto specialised display monitors or headsets, 
and input/feedback devices such as haptics. Advantages of VR over mannequin simulators is that 
it allows for anatomical variation (which is important in regional anaesthesia simulators), and that 
it is not subject to wear and tear. VR anatomical models may be created by scanning patient 
anatomy (eg Computed Tomography or Magnetic Resonance Imaging), and using software to 
create a virtual 3D model. Haptic feedback devices, such as the Geomagic® TouchTM Haptic apply 
force feedback onto the user’s hand as onscreen 3D objects are manipulated. Grottke et al 
developed a virtual reality femoral nerve block stimulator by MR scanning and 3D reconstruction 
the inguinal region of 5 volunteers. The user, whose hand is strapped to the haptic feedback 
device, interacts with an onscreen patient (palpating anatomy, and introducing the block needle). 
The haptic feedback device offers varying degrees of resistances, depending on the tissues that 
the virtual needle is traversing. Realistic muscle twitches are also displayed, according to the 
location of the needle, and the impulse transmission distance(11). The software also allows the 
user to aspirate and detect vascular puncture. A similar model has been developed for VR 
simulation of neuraxial anaesthesia.  
 

 
Figure 5: Use of a VR simulator for femoral nerve block using a haptic device and 3D monitor 

Lee et al developed a VR orotracheal intubation trainer to train students in direct laryngoscopy 
and orotracheal intubation. An assessment of proficiency revealed that candidates trained on a 
conventional airway mannequin had better success rates than candidates trained on the VR 
simulator(12). A possible reason may be that VR trained candidates were unfamiliar with airway 
management equipment, as the VR simulator used only haptic feedback and did not make use of 
airway management equipment. In addition, it may be more cost effective to use a simple airway 
mannequin and laryngoscope than haptic devices and specialised 3D monitors and software. This 
case highlights the need for technological advances to be viewed with a healthy degree of 
circumspection, and for them to be cleverly employed only in areas in which they will supersede 
existing methods.  
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The use of simulation to practise the use of specialised equipment in managing uncommon 
scenarios is has been embraced in the development of the ORSIM – a VR fibreoptic 
bronchoscope trainer for managing a difficult airway. The ORSIM consists of a laptop onto which 
software simulating many different types of difficult airway pathology is loaded, and a replica 
flexible videobronchoscope, which is advanced through a desktop sensor(13). A study 
investigating its reliability by its creator, Paul Baker, was performed to investigate and compare 
the time required for successful simulated intubation by novice, trainee and expert candidates. 
Unsurprisingly, experts required the least time for successful intubation, while novices required 
the most time(14). Difference in performance between different levels of subjects suggests that its 
usability replicates real world conditions. The realistic construction of the device familiarises the 
trainee with correct handling of a bronchoscope. 
 
 

 
 

 
Figure 6: The ORSIM flexible videobronchoscope trainer 

 

VIRTUAL NASENDOSCOPY 
Airway management in patients presenting for surgery with head, neck and tracheal pathology 
poses a challenge to even experienced anaesthesiologists. In this population, clinical examination 
of the airway by the anaesthetist alone is not sufficient to adequately devise an airway 
management strategy, and multidisciplinary assessments by radiologists and surgeons are 
beneficial. Radiological imaging in the form of CT is useful to delineate pathology, and is often a 
routine component of the preoperative workup. However, interpretation of the 2 dimensional slices 
that are obtained from a CT scan to detect airway abnormalities may pose a challenge to the 
anaesthesiologist(15). The use of flexible nasendoscopy provides a dynamic assessment of 
intraluminal airway pathology, and offers more clinical utility to the anaesthesiologist. This 
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technique is, however, not without limitations. Some patients may not tolerate nasendoscopy and 
may require sedation, which is not desirable in patients who are suspected to have precarious 
airway anatomy(1). Performing nasendoscopy also requires specialised equipment and skilled 
operators. Conventional flexible nasendoscopy is unable to provide information about subglottic 
airway pathology. 
 
OsiriX is a free application for Mac, iPhone and iPad designed for image processing of DICOM 
format images (such as CT scans) to enable 3D and 4D navigation. Using this technology on CT 
scans from patients’ preoperative workup allows anaesthesiologists to view a digitally generated 
‘fly through’ reconstruction of the patient airway anatomy. The video imagery obtained from virtual 
nasendoscopy have been shown to closely correlate with real life fibre-optic bronchoscopy. This 
familiar view is more easily interpreted by the anaesthesiologist, enabling a more robust airway 
management strategy to be devised. Virtual nasendoscopy is non-invasive, can provide 
information about subglottic pathology (unlike flexible nasendoscopy) and is cost effective as it is 
generated using free and user-friendly technology. 

 

 
 
 
 

 

 

 

 

 

 

 

 

 

 

Figure 8: Fibreoptic image of an abnormally shaped epiglottis (left), and the corresponding image 
obtained using virtual nasendoscopy (right) (1) 

Figure 9: Fibreoptic image of a slit-like stricture inferior to the vocal cords (left), and the 
corresponding image obtained using virtual nasendoscopy(1) 
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AIMS and EHR 
In 1998, the NHS put forth its Information for Health strategy, which recommended the 
widespread adoption of an electronic system to record patient data, results from imaging and 
other studies. The use of EHRs ensure safe storage of healthcare records, allows clinicians to 
view previous anaesthetic records and preoperative assessments, as well as assessments from 
other healthcare practitioners in the patient’s management team. The implementation of 
homogenous EHR software, which is serviced by a common server for all healthcare institutions, 
would ensure continuity of care and the creation of a composite medical record for a patient 
across all levels of a healthcare system, allowing for more informed clinical decisions to be made 
and eliminating redundant investigations. Clinical Decision Support Systems (CDSS) may exist 
within EHRs. Passive CDSS rely on the easy availability of clinical guidelines and references – 
this may be accomplished by a hospital intranet. Active CDSS involves the inclusion of logical 
rules into software that aids to prevent the occurrence of adverse events(16). This may include 
notifying clinicians if a drug is prescribed to a patient who is known to be allergic to it; alerting 
doctors to administer prophylactic antibiotics; or automatically calculating renal adjusted drug 
doses. Software for Electronic Patient Records (EPRs) exist in varying levels of complexity and 
functionality, and may include the integration of image viewing software, the ability to prescribe 
medication electronically, clinical decision support systems, real time automatic recording of 
physiologic parameters, and integrations with AIMS. 
 

 
Figure 7: AAGBI Criteria for electronic anaesthetic record keeping systems(16, 17) 

Anaesthesia Information Management Systems (AIMS) is software which generates a continuous 
record of patient physiological data during the perioperative period. A computer onto which AIMS 
software is installed receives inputs from sources such as patient monitors, the anaesthesia 
workstation and infusion pumps, and automatically creates a perioperative anaesthetic record. 
The administration of drugs may be manually entered onto the system, or may be digitally 
populated onto the AIMS by a barcode reader. The BD Intelliport Medication Management system 
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is a barcode reader that can scan prefilled and barcoded syringes, calculate drug doses, and 
document intravenous bolus doses on AIMS(18). Medication errors due to misidentification of 
syringes may be minimised by the use of this system. The repetitive task of manually recording 
parameters onto the perioperative anaesthetic record may compromise care by decreasing 
vigilance and inducing clinician fatigue. In addition, clinicians are unable to chart these recordings 
while performing procedures and during critical incidents. AIMS also has the advantage of 
producing an unbiased recording of intraoperative events, in contrast to anaesthesiologists’ 
tendencies to omit undesirable vital signs from the anaesthetic record. Electronic recording of 
drugs and other consumables used during an anaesthetic will improve the accuracy of electronic 
billing. The high cost of the hardware required for running the system; AIMS software; and 
employing IT staff who are required to maintain servers, ensure smooth running of the system 
and train users; may be a considerable barrier to the implementation of AIMS in a hospital. In 
addition, unfamiliar users may find it cumbersome and resist adopting its use into their practice, 
especially if they do not find the benefits to them to be significant(17). 
 
In addition to its aforementioned benefits, Electronic Health Records which passively transfer data 
to a central database enable the generation of “Big Data” which may be used for research 
purposes. Researchers may use this database to investigate large numbers of anaesthesia 
records, or rare anaesthesia related events which cannot be investigated from smaller 
populations owing to infrequent occurrence. Patterns of equipment malfunction and adverse drug 
reactions may be identified earlier if information regarding these events are automatically pooled 
from multiple sites.  
 
 
MOBILE INFORMATION TECHNOLOGY 
One of the most successful consumer devices celebrated its 10-year anniversary this year – the 
Apple iPhone revolutionised the mobile phone industry by making the fusion of a mobile telephone 
and a computer into a commercial success. The impact of the smartphone on our daily lives 
cannot be overemphasised -  with its vast applications ranging from communication, social media, 
photography, gaming, productivity, banking and finance, fitness and health, and many more. 
Pioneering enterprises in the healthcare industry have identified the potential of this utilitarian 
device, and have developed uses for both its hardware and software in anaesthesia. 
 
An ‘App’ is a software application that is downloaded onto a computing device, intended to have 
one or more of a variety of uses. Many companies create apps which can be used in conjunction 
with their products, to be downloaded from an online ‘App Store’. The FDA defines a mobile 
medical app as a software application that is intended to be used as an accessory to a regulated 
medical device or to transform a platform into a medical device(19). However, given the plethora 
of medical applications, the FDA will only exert regulatory rules on mobile apps whose 
functionality could pose a risk to patient safety if the mobile app were not to function as intended. 
 
Stanford University has embraced this technological revolution and is advancing frontiers with 
their Anaesthesia Informatics and Media Lab (AIM). Embracing the spirit of mobile technology 
with its catchphrase of “Yes, we get to do fun stuff :-)”, they offer a fellowship programme in 
medical information technology, which is involved in Telemedicine and the smart development of 
effective apps for Cognitive aids, Medical Algorithms, Checklists, Medical calculators and Medical 
References(20). The ability of smart devices to rapidly access medical references and algorithms 
affords clinicians instant access to useful medical information, assisting in swift clinical decision 
making. The application of mobile information technology in democratising medical educational 
resources is undeniable. Medical textbooks are available on tablets and smartphones. Periodic 
podcasts by local and international authorities have made their way into the mainstream(21), 
allowing users to learn away from the confines of a desk and book -  learning may occur in tandem 
with performing other activities. 
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Social media is no longer the enclave of teens and tweens posting pouts and drunken exploits 
from the night before. The real power of social media is its ability to bring together like-minded 
people from across the globe to an online real-time platform, where individuals may break the 
boundaries of academic hierarchy and interact directly with international authorities. Apps, Twitter 
accounts, and hashtags now exist for most conferences and medical journals, and Twitter journal 
clubs bring together practitioners from various parts of the globe to collaborate and discuss 
common concerns. Initiatives such as the Khan Academy and Free Open Access Medical 
education now enable students to learn from home, and for interinstitutional mentorship. Patient 
support groups are also available online, where patients with similar conditions may share their 
experiences and coping strategies. Social media and digital information technology has changed 
the traditional doctor-patient relationship from a more paternalistic model to a role which 
healthcare professionals are sometimes required only to advise or assist in interpreting 
information which the patient has already obtained from online sources. Social media has also 
been used to promote private medical ventures. However, despite the advantages of social 
media, healthcare providers must also be wary of their online presence, and of surveillance of 
their behaviour outside working hours. The maintenance of trust between doctors and patients, 
as well as between healthcare professionals, may be affected by the information shared on social 
media.(22) 
 
Mobile phones have been showed to have a role in non-pharmacological preoperative anxiolysis. 
A Korean study of 120 paediatric patients aged 1-10 years old who were scheduled for elective 
surgery under general anaesthesia showed that patients using a smartphone app to distract them 
in the preoperative holding area had lower anxiety scores in theatre, as measured by the Yale 
Preoperative Anxiety Scale, than those to whom midazolam sedation was administered(23). This 
has been even further developed by a team of paediatric anaesthesiologists and software 
developers at Lucille Packard Children’s Hospital at Stanford University. Children undergoing 
inhalational induction of anaesthesia are treated to Sevo the Dragon, an animated video game 
which is projected onto a screen mounted onto the gurney in the preoperative holding area, and 
travels with the patient into the operating theatre. In the game, the patient is required to choose 
a dragon as an avatar, and a food for it to cook by breathing fire onto it. The patient’s breaths are 
synchronised with the onscreen dragon’s breathing, and is used as an aid for inhalational 
induction of anaesthesia(24) . 

 
 

Figure 8: Screenshot of Sevo the Dragon(24) https://youtu.be/r97uRQv-NcU 

Gauss Surgical has created an iPad app that uses an algorithm modelled on facial recognition 
technology to estimate surgical blood loss from laparotomy sponges. A study on 46 patients 

https://youtu.be/r97uRQv-NcU
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undergoing laparotomy has shown this to have superior accuracy compared to weighing swabs. 
The app has been granted FDA clearance.(25) 
 
Smartdevices may also be integrated with medical equipment as an ergonomic and portable 
interface. The familiarity of operating systems on smart devices may be more user friendly by 
posing less of a technical barrier to users compared with proprietary software on medical devices. 
 
Clarius Mobile Health has developed a range of ultrasound probes that interface with an app on 
a smartphone or tablet.(26) The app is used to control the probe, and also functions as a display. 
The ability to store data obtained from scanning onto Cloud storage allows the user to easily 
share these files: to other clinicians in the management team; for second opinions; to the patient 
for their own personal storage; and for teaching purposes. The mobility and practicality of this 
compact, portable and waterproof ultrasound system improves workplace ergonomics and also 
has applications in the field of military medicine. Similar products are available from Philips and 
GE.(27, 28) Smartphones have also been used as interfaces for fibreoptic bronchoscopes and 
videolaryngoscopes.(29)  
 
Kardia Mobile is an FDA approved 2 lead ECG device, which makes contact with the patient’s 
fingertips, and interfaces directly or wirelessly with an app on a smartphone. This device notifies 
the user if atrial fibrillation is detected and stores the trace, which may then be uploaded to a 
clinician for analysis (30). 
 
Glucowise is a non-invasive blood glucose monitor that uses the transmission of radiowaves 
through a digit to estimate blood glucose levels. The device interfaces with a smartphone 
application to store this data for analysis by the patient and clinician (31) .Data obtained from these 
devices as well as health data such as heart rate and activity records from commercially available 
wearable fitness devices can provide anaesthesiologists valuable information about the patients 
state of health during a preanaesthetic assessment. 
 
In addition to devices such as these, many health Apps exist which make use of the innate 
components of the smartphone to make estimations of an individual’s health measurements. The 
Instant Blood Pressure App purported to make non-invasive blood pressure measurements 
without sphygmomanometry or oscillometry, and was removed from the App Store in July 2015. 
The Pulse Oximeter app also claims to measure oxygen saturation without spectrophotometry. 
These, however, dwell within the realm of Apps that are not subject to FDA regulation, and the 
onus is therefore on clinicians to validate these apps, or to discourage their use by patients(32). 
 
Despite the advantages of mobile information technology on healthcare, perioperative personnel 
must be wary of the problems associated with its use in theatre. Mobile devices can be a source 
of non-clinical distractions to healthcare workers, resulting in decreased vigilance, which may 
compromise patient care. The use of recording functions of smartphones must be done in a 
manner to ensure protection of patient privacy. Mobile phones of healthcare workers may also 
act as a vector for the transport of bacteria. Incoming telephone calls often occur during patient 
contact, requiring the clinician to make contact with their phone without adhering to hand washing 
protocols. A study in which the mobile phones of 90 healthcare workers was swabbed revealed 
11,5% of their devices to be colonised by bacteria known to cause nosocomial infections, 
including Methicillin Resistant Staphylococcus aureus and Pseudomonas spp(33).It is therefore 
recommended that phones are routinely wiped with antibacterial wipes. The performance of 
medical equipment may be adversely affected by electromagnetic interference (EMI) from cellular 
phones. Tests involving 61 pieces of medical equipment and cellular devices revealed a mean 
antenna to device distance of 3cm for EMI to occur, however hazardous incidents in a ventilator 
occurred up to 1m away from the cellular phone. It is therefore recommended that a minimum 
distance of 1m is maintained to minimise the incidence of EMI.  
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Figure 9: Clarius Ultrasound Probe(26) 

APPS AND ERAS 
 
In 1997, Dr Henrik Kehlet first implemented Enhanced Recovery Programmes (ERPs), also 
known as ERAS (Enhanced Recovery After Surgery), with the aim of shortening hospital stay, 
decreasing postoperative complications and hastening patients’ returning to normal function. 
Successful implementation of ERAS relies on rigorous structural organisation, motivation and 
coordination by all role players involved (anaesthetists, surgeons, nurses, physiotherapists, allied 
health professionals and importantly patients). The economic and human benefits of this 
endeavour are obvious, and all endeavours to support such programmes should be explored. 
 
Software developers at McGill University and at the University of Virginia have created Apps to 
aid patients scheduled for ERAS. These apps, SeamlessMD (McGill) and UVA ERAS (University 
of Virginia) provide a strong educational background to the patient from the preoperative period, 
and extends into the postoperative period. The success of ERAS may be improved by the ability 
of these apps to manage patient expectations regarding surgery, and mentally preparing them for 
their role in postoperative rehabilitation. In study of 45 patients using SeamlessMD who 
underwent colorectal surgery, 89% of patients found it to be helpful in achieving their daily goals, 
and 76% of patients felt that it improved their motivation to recover.(34) 

 
Features of these Apps include: 

 Medication reminders: reminding patients to take their chronic medication, and when to 
stop some medication, such as clopidogrel. 

 Reminders to visit the preanaesthetic clinic 

 Tips on preparing their home prior to surgery, to ensure easy access to commonly used 
items, adequate provision of food and groceries, pets to be taken care of, and a minimal 
postoperative load of household chores 

 Checklist of items to pack in their hospital bag 

 Reminder to bring an energy drink on the day of surgery, and when to stop eating solids 

 Directions to the hospital and its parking lot 

 Guidelines on postoperative feeding 

 Reminders to mobilise 

 Monitors for daily weighing to assess fluid balance 

 Reminders for removal of the catheter and IV line, if this has not yet already been done 
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 Incentive spirometry encouragement 

 Postoperative tracking of a return to normal functioning – eating, bowel movements, 
mobilisation, reminders for follow up visits(35, 36) 

 
An important component of the success or ERAS is preoperative physiological optimisation, or 
“prehabilitation”. Apps may be beneficial in assisting in smoking cessation endeavours(37), and 
improving compliance with chronic medication to optimise control of chronic conditions. Daily 
activity trackers which incentivise the achievement of fitness goals may assist in weight loss and 
improvement in cardiorespiratory function prior to elective surgery.  
 
With the burgeoning problem of childhood obesity, strategies to improve activity levels in younger 
patients also need to be explored. In July 2016, Niantic released Pokémon Go – a free, location-
based augmented reality game for Android and iOS devices, which has an estimated 60 million 
users worldwide. Users create an avatar which is displayed on a map, based on the user’s 
location. Players are required to move within the real world to encounter and capture Pokémon. 
In a study making use of the built in Health app on smartphones to track user activity, Howe et al 
found that in the first six weeks after having installed the game, players had an average daily step 
count which was 955 higher than in the 4 weeks preceding installation(38). Although the increased 
level of activity was not sustained in the long term, the ability of games to incentivise exercise 
may be exploited in the short preoperative period. 
 
The Nociception Level Index is a scoring system which uses a finger sensor to obtain information 
about heart rate, heart rate variability, plethysmograph wave amplitude, skin conductance and 
skin conductance fluctuations, to create a composite pain scoring system. This allows the clinician 
to prescribe adequate analgesia to ensure patients are pain free and able to mobilise, while 
avoiding the complications associated with opioid overdose(39). 
 
 
ROBOTS 
A robot is defined as “any automatically operated machine that replaces human effort, though it 
may not resemble human beings in appearance or perform functions in a humanlike manner”(40). 
Automation, reproducibility, and precision are characteristics of robots which make their 
integration in anaesthesia desirable. Thus far, two classes of robots have been developed for 
application in anaesthesia: Pharmacological Robots and Mechanical Robots. 
 

Pharmacological Robots 

Most physiological systems involved in the maintenance of homeostasis are closed loop systems 
– meaning that a variable is detected by a sensor which modulates it via one or more effectors. 
Modulation stops when the variable is within a desired range of acceptability. Closed loop 
anaesthesia works on a similar principle. Based on this, the design of a pharmacological robot 
incorporates 3 key elements: software which acts as a sensor and controller; and effector which 
is used to manipulate physiology, such as a drug delivery system; and variables which may be 
modulated(41).  
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Figure 10: Interrelationship of Closed loop system components 

 
Pharmacological robots titrate drugs to control physiological parameters by a closed loop system. 
To date, they have been successfully applied in the control of hypnosis, analgesia and 
neuromuscular blockade. Single or multiple closed loop systems may be incorporated into the 
design of a pharmacological robot. The earliest closed loop systems were designed only for the 
maintenance of anaesthesia, while current closed loop systems are capable of performing 
induction, maintenance and emergence of anaesthesia. 
 
McSleepy is the first fully functional pharmacological robot, and is able to control hypnosis, 
analgesia and neuromuscular blockade during induction, maintenance and emergence of 
anaesthesia. The controlled variables are measured by BIS (Bispectral Index), Analgoscore and 
TOF (Train of Four). As a safety feature, the automaticity of the robot may be overridden by the 
attending anaesthesiologist. A study of 185 patients undergoing anaesthesia by McSleepy 
showed that patients had more time with good control of hypnosis and adequate analgesia than 
patients with manual administration of drugs(41).  
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Figure 11: Principles used in McSleepy(41) 

The Sedasys System is a pharmacological robot designed for the administration of sedation by 
non-anaesthetists during endoscopy procedures. It titrates a propofol infusion against vital signs 
and BIS in order to maintain an adequate level of sedation(42). Modern day Luddites from the 
American Society of Anaesthesiologists, fearful for their jobs, successfully lobbied developer 
Johnson and Johnson to confine its use to the endoscopy suite(43). It was withdrawn from the 
market in 2016 owing to poor sales(44).  
 
Robots involved in fluid administration to target haemodynamic parameters are currently under 
development. (45) 
 

Mechanical Robots 

The Kepler Intubation System (KIS), developed by McGill University in Canada, consists of a 
robotic arm with an affixed videolaryngoscope that is loaded with an endotracheal tube. This is 
controlled by a joystick, which by means of a client and server software system, allows the 
operator to perform an endotracheal intubation from remote location. A trial on an airway 
mannequin revealed mean time for a successful intubation to be 46 seconds. Although this 
system still requires input by an operator, its application may lie in teleanesthesia, and further 
development is required for the creation of a fully automated intubation robot. Anaesthesiologists 
have a high success rate in tracheal intubation owing to extensive training in airway management, 
and may therefore not appreciate the need to direct funding towards the development of an 
intubation robot. However, healthcare providers in other settings have a significantly lower 
success rate at tracheal intubation, and a fully automated intubation robot may find its niche in 
non-anaesthesiology departments(46). 
 
The Magellan system is designed for robotic ultrasound guided nerve blocks. A robotic arm 
equipped with a block needle is controlled by a joystick. The operator manually operates the 
ultrasound probe to visualise the nerve, and the joystick is used to control the path of the needle 
towards the nerve by the robotic arm. The local anaesthetic is manually administered by the 
operator. A feasibility study of 13 patients undergoing 16 sciatic nerve blocks using this robot 
demonstrated a 100% success rate, with a mean robotic time (time from identification of the nerve 
to the end of local anaesthetic injection) of 164 seconds(47).  A further improvement on this system 
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would be the inclusion of robotically controlled ultrasound probe, and the incorporation of 
sonographic nerve recognition software(41). 
Since the Industrial Revolution, people have been, justifiably, fearful of losing their jobs to 
mechanised tools of industry, such as robots. Anaesthesiologists are no exception to this fear. 
However, rather than opposing technological advances in trepidation of triggering the hypothetical 
technological singularity(48), anaesthesiologists should champion technological progress and seek 
out further aspects of patient care that have not yet been explored, lest they find themselves 
rendered redundant. Repetitive tasks involved in anaesthesiology may induce fatigue and 
decrease vigilance in anaesthesiologists, resulting in lapses in patient care. The incorporation of 
robots into the anaesthetic armamentarium would allow the anaesthesiologist to focus more time 
on clinical decision making and other perioperative issues that require more complicated thought 
processes. The comparison between anaesthesia and aviation is frequently made: autopilot has 
enabled pilots to focus on fewer tasks, improving aviation safety. Similarly, the robotization of 
some tasks in anaesthesia may improve patient safety, while ensuring a role for the 
anaesthesiologist in the perioperative team(49). 
 

 

3D PRINTING 
3-Dimensional printing, also known as additive manufacturing (AM), refers to processes used to 
create a three-dimensional object in which layers of material are formed under computer 
control to create an object (50). Medical 3D printing has found applications by creating anatomically 
accurate models based on patient imaging, as well as by creating devices for implantation into 
patients. Patient imaging in the form of MRI and CT are often stored as “Digital Imaging and 
Communications in Medicine” (DICOM) formats which may be converted with the aid of software 
(many of which are open access) into a Standard Triangle Language format suitable for 
translation by a 3D printer.  
 
The 3D printing of patient anatomy from these blueprints has allowed for the creation of training 
models. 3D printed spinal columns from real patient anatomy allows clinicians to perform 
preoperative practice for a patient with an anticipated difficult neuraxial placement. In addition, 
models of normal anatomy can be used for educational purposes. Ultrasound phantoms may also 
be created by a composite model of printing substrates with different physical and sonographic 
characteristics(51). Ultrasound images obtained from scanning 3D printed phantoms have been 
shown to be comparable with images obtained by scanning the source patient.(51) 

Figure 12: 3D Printed spine being used for loss of resistance and ultrasound training 

https://en.wikipedia.org/wiki/Three-dimensional_space
https://en.wikipedia.org/wiki/Numerical_control
https://en.wikipedia.org/wiki/Numerical_control
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Airway management has also benefitted from 3D printing. Endotracheal intubation of patients with 
a known difficult airway may be simulated by creating a 3D model of their imaging studies. 
However, critics of this application may justifiably argue that hard plastic has very different 
characteristics to human tissue, and so intubation conditions are not accurately replicated. Others 
have used 3D printing for sizing of airway management devices such as endotracheal and double 
lumen tubes, and for the creation of bronchoscopy and surgical airway training models. A 
therapeutic use of 3D printing is its ability to create airway stenting devices which may be used in 
patients with conditions such as tracheomalacia(52). 
 

3Dprinting for educational purposes in anaesthesia provides an attractive alternative to the use 
of cadaveric or animal models, which have a limited availability, may be unpleasant to users, may 
not provide an accurate representation pathological conditions, and also pose hazards with 
regards to bacterial contamination and require special storage conditions. Setup costs of 
establishing a 3D printing station may be relatively high, but running costs are low as 
thermoplastic substrates are relatively inexpensive. In the future, an open access online database 
of 3D blueprints for a range of pathologies may be available. 

Figure 13: 3D blueprint created from CT images, and 3D printed model of tracheobrochial tree 

Figure 14: 3D printed tracheal models for surgical airway training 
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TECHNOLOGICAL APPLICATIONS FOR LOW RESOURCE SETTINGS 
 
The development of new technologies in medicine are naturally guided by societal needs. While 
expensive technologies aimed at patient satisfaction, fast tracking patients to discharge, 
enhanced user comfort and additional safety features may be of sufficient concern to health 
systems developers in the developed world to invest resources into improving these areas of 
healthcare, the developing world must take a more pragmatic approach to address its own 
challenges. Many advanced medical devices that have made their way into the developing world, 
either self-funded or from philanthropic contributions, lie unutilised. This may be due to a lack of 
user expertise, consumables and tech support, infrastructural capabilities or distribution to areas 
where they are needed. A needs assessment is essential to drive context specific healthcare 
innovation that will offer a tangible return in the form of improved patient outcomes in a cost 
effective manner.  
 
An example on how information technology and emerging technologies may be deployed in the 
developing world is a DIY guide on how to make a 3D printed syringe drivers, freely available on 
the user based web platform www.instructables.com(53) 
 

 
Figure 15: 3D printed syringe drivers (left), and commercially produced syringe drivers (right) 

Partnership and collaboration between researchers in developed and developing countries may 
broaden the utility of devices under development, and a culture of patronage should be fostered 
between healthcare centres and philanthropic institutions. 
 
The World Health Organisation compiled a compendium of innovative medical devices, assistive 
devices and eHealth solutions developed from 2011 to 2014, with the aim of creating awareness 
via a neutral platform about medical technologies which are likely to be suitable for use in resource 
poor settings(54).  
Some technologies relevant to anaesthesia are detailed below: 

1. Monitoring: Up to 70000 operating theatre in developing countries do not have access to 
pulse oximeters. The main barrier to the availability of this important safety monitor is cost. 

a. A South African made self-powered pulse oximeter uses human energy created by 
cranking to charge electric batteries in the device. This rugged, reliable and robust 
device is also accurate in low perfusion settings. Price: $600 

b. Non-Invasive Haemoglobin monitoring device: uses similar principles to a 
conventional pulse oximeter to measure haemoglobin concentration, oxygen 
saturation, pulse rate and perfusion index. Battery powered, rugged design. No 
consumables or disposal of sharps and medical waste required. Price: $600 

2. Anaesthesia Machines: 
a. Low Pressure Anaesthetic Machine with Pneumatic Ventilator: The Glostavent® 

Helix (Diamedica, UK) performs all the functions of a conventional anaesthesia 
machine, with features specifically designed to overcome problems in 
underdeveloped countries. It does not need compressed gas to function, as it uses 

http://www.instructables.com/
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an oxygen concentrator to supply oxygen to the patient, and to drive the ventilator. 
It doesn’t require nitrous oxide or soda lime, and has safety features to prevent the 
delivery of a hypoxic gas mixture. In the event of a power failure, it has a backup 
battery that is able to drive the machine for an additional 12 hours. It is able to 
function under a wide range of environmental conditions, such as extremes of 
temperature, humidity and dust, and requires minimal maintenance and technical 
support(55). Price: $24650 
 
 

 
Figure 16: The Glostavent® Helix, a low pressure pneumatic anaesthesia machine 

 
3. Apps and EHR: 

a. Doctor Assist App: A free EHR app available on the Android app store that allows 
doctors to create electronic health records for patients without requiring computers 
and expensive software. Data input modes allow handwriting and speech to be 
converted to text. Cloud storage is available. Price: Free 
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CONCLUSION 
 
Technological advances and the growth of human society have always played a tango of 
shadows, one following the other, and each taking it in turn to lead. The commercial competition 
which resulted from the innovation of camera smartphones spurred on technological development 
to miniaturise cameras. Cameras became so small, that they have been attached to the end of 
bronchoscopes, and have begun to replace fibreoptics medical optical technology. Given the 
plethora of emerging technologies in medicine, one needs to pay careful attention to those which 
are at later stages of development. NASA developed a scale Technological Readiness Levels, to 
assess the level of maturity of new technologies(56). This may be considered when approaching 
the hydra of modern medical technology. Some novel technologies never pass the early levels of 
technological readiness which, among other reasons, may due to concerns regarding the need 
for the technology, costs, safety, practicality and ergonomics. 
 

 
Figure 17: NASA's Technology Readiness Level 

 
Despite reaching the final stage of readiness, a novel technology may still face resistance to its 
adoption by users.  This is described by the Technology Acceptance Model (TAM), a theory which 
suggests that the adoption of a new technology by users is influenced by its Perceived Usefulness 
(PU) and its Perceived Ease-of-Use (PEOU)(57). Technologies that require the new skills to be 
acquired pose a steep learning curve, and naturally face resistance against widespread adoption. 
Devices incorporating novel technologies may be released amidst excessive hype, and these 
unrealistic user expectations may result in a phase of “chasm”, where there is limited or no 
adoption of the technology(58). It is therefore important for healthcare workers to have informed 
expectations of the potential of a new technology, and for innovators to market novel technologies 
responsibly. 
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Figure 18: The technology hype and the adoption life cycle plotted together. Displays the 
reception of new technology by users and the curve of technology adoption over time(58) 

 
The future may see anaesthesiologists downloading information about a patient’s effort tolerance, 
vital signs and control of chronic conditions from smartwatches at the preanaesthetic visit. This 
would be automatically populated onto a comprehensive digital patient folder on an EHR, which 
records a patient’s entire medical history from birth till death, and is universally accessible at all 
healthcare facilities. A digital airway examination will be stored on Cloud, to be accessed by an 
intubating robot. Closed loop systems would administer anaesthetics, and robots will perform 
procedures. Early discharge will be made possible with remote, wearable monitors, allowing 
patients to return to their homes, families and jobs faster and with fewer complications. 
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