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A Bit of POCUS in Anaesthesia 
 
 
INTRODUCTION 
I remember being in medical school and imagining how amazing it would be to have the super-
power through which I would be able to see into my patients’ body, through their skin and into 
their pathology. With this super-power, I would be able to diagnose my patients’ disease 
processes, place difficult IV lines and central lines on my first attempt and save them the money 
and stress of investigations and waiting lists for scans. This was a fantastic thought at the time.  
Little did I know that greater minds may have had a similar thought process many years prior, 
and they decided to do something about it. 
Through the magic and wonder of ultrasound, we are able to do the things that early 
practitioners could only dream of. We are able to enhance our clinical decision-making, and 
more accurately perform invasive procedures with far greater safety than what has ever been 
described. This has skewed the risk to benefit ratio of numerous tasks, both diagnostic and 
therapeutic, to such a degree that more and more invasive procedures are being considered 
and carried out successfully, with less and less benefit being necessary to tilt the scales.  
 
We all strive to do the best for our patients. We work tirelessly at our craft so we can be more 
accurate with our diagnosing, and more precise with our management and procedures. We fear 
complications and hate failure and unsuccessful attempts, and the need to explain to a patient 
why we need to repeat a procedure after we have unsuccessfully attempted it. It is because of 
these attributes, that ultrasound is so very attractive. It is simple, portable, relatively inexpensive 
and innocuous to our patients. What’s not to love? 
 
J Forbes once wrote that the “stethoscope will ever come into general use is extremely doubtful; 
because its beneficial application requires much time and gives a good bit of trouble both to the 
patient and the practitioner..” 
While the excitement and interest in ultrasound is justified, the risk is that the clinician may use 
the tool to replace part of the clinical examination of the patient. This is not what ultrasound was 
ever designed to do. Much like the stethoscope, the ultrasound must be used as an extension of 
the clinical exam, not a replacement for anything. It is in that setting where the tool finds its 
greatest usefulness. Initially there is a learning curve, much like the stethoscope once had, but 
this should not deter practitioners from learning and using it. The more comfortable one 
becomes with the probe in hand, the more beneficial one will find it to be. 
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Background to ultrasound 
Let me take you back to the very beginning, starting with Lazarro Spallanzani. Mr Spallanzani 
was an Italian Catholic priest, physiologist and biologist who, like many of us, was interested 
with how things work. He discovered amazing things and was the first to show that fertilization 
requires both spermatozoa and an ovum and even pioneered in vitro fertilisation using frogs. He 
also discovered that the act of heat application to the point of boiling, would kill microbes.  
More relevant to this topic was Mr Spallanzani’s work with bats. In 1793, he discovered 
echolocation behaviour of bats. He found that even after he blinded bats, they were able to fly 
and skilfully navigate obstacles as if they could see. Then, together with Louis Jurine of 
Geneva, they discovered that if you block the ears of the bat, it created the severe disorientation 
one would expect from blindfolding a creature and the bats would clumsily collide with objects. 
This theory was largely rejected for over a century as bats seem to fly silently, so the blocking of 
their ears causing disorientation was rejected as being mostly anecdotal and not causally 
related. It wasn’t until Maxim and Hartridge in 1912-1920 postulated that the animals were 
actually emitting ultrasonic sound waves, above the human detection capability, and that this 
was the means by which even small objects like insects would be detected, causing the theories 
of Spallanzani to resurged. Pierce, Griffin et al then experimentally proved that bats emit 
ultrasonic orientation sounds and navigate in the pitch dark using this system.  
Meanwhile, the French physicist Pierre Currie (Husband of the well-known physicist Marie 
Currie), a professor of mineralogy, together with his brother Jacques discovered in 1877 that by 
applying pressure on certain crystals, ceramics or even bone, that electricity is created. This 
phenomenon was called the piezoelectric effect (from “piezein” which is the Greek word for 
“squeeze”). (1,2) 
The first need for this technology came to the foreground in the first world war. German U-boats 
(U-Boot, or Unterseeboot) were very efficient at sinking enemy ships. They were below the 
water surface so were untraceable. They desperately needed a means by which they could 
detect these destructive vessels. Introducing SONAR, sound navigation and ranging. This was 
a form of passive use of sonar, essentially a device constantly listening for the sound made by 
vessels. This technology made it possible to detect these U-boats and unmasked these silent 
assassins. (1,2) 
Active sonar is the process of emission of pulses of sound waves and then listening for the 
return of the wave to detect targets in the water. The physicist Paul Langevin created a sonar 
device using a piezoelectric quartz as the emitter and receiver of sound.  
 
Taking this all back into the medical field, in the midst of pioneers trying to apply this exciting 
new technology to medical therapeutics in the US and Europe, came an Austrian psychiatrist by 
the name of Karl Theodore Dussik. Dr Dussik was exploring the possibility of visualising 
structures in the brain based on the 2-dimensional representation of sound wave intensity 
attenuation through human tissues. He became the first ever to use ultrasound as a diagnostic 
utility in the human patient, through a procedure and process he named “hyperphonography”. 
In the 1950s, pulsed ultrasound imaging was being developed to create still images of 
structures. By the 1980s, real time ultrasound became possible, and movement and interaction 
of structures with one another was being developed. This is one massive advantage of the utility 
of ultrasound, and with it came numerous exciting possibilities and utilities in the field of 
medicine. Today, advances are aiming to try make ultrasound machines more portable and 
accessible, and creating of adjuncts to make ultrasound guided procedures easier and even 
safer. (1,2) 
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DEVELOPING A CURRICULUM 
There is currently a worldwide paucity, and a need for a point of care ultrasound curriculum 
specific to anaesthesia. Ultrasound has demonstrable value in the ever-developing art of 
anaesthesiology. Across Canada, the US and all across Europe, there is growing interest in the 
utility of ultrasound to facilitate practice. There is also a serious lack of uniformity in training, and 
agreed upon outcomes with regard to training in this field.   
There are centres which have set up a successful training curriculum for their trainees in the 
fields of emergency medicine as well as critical care. These curricula may be used as a 
framework from which to develop an anaesthesia specific training program with well thought out 
and agreed upon outcomes and levels of competency that need to be achieved. The field of 
anaesthesia is unique enough to warrant its own specific training criteria, and framework for 
development of well-considered minimum competencies to facilitate the advancements in 
patient care that ultrasound enables. (3) 
 
In a fairly recent article, Mahmood et al set out a list of applications that they felt anaesthetists 
should develop proficiency in. Their list was not exhaustive but does go to show the wide range 
of applications for anaesthetic practice 
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There is tremendous value in creating a set platform with specific objectives in this ever-
advancing field. There is utility in understanding the relevance of the use of ultrasound specific 
to the field of anaesthesia, and not be distracted by the superfluous details of advanced 
diagnostics that are not readily applicable to the immediate perioperative management of our 
patients. 
The I-AIM framework is one that has been developed to aid the process of information 
acquisition, in order to aid decision making. I do see benefit to this approach as it helps to serve 
the needs of an anaesthesia provider ideally. The I-AIM acronym stands for Indication, 
Acquisition, Interpretation and Medical decision making. This framework fits perfectly in the fast-
paced environment anaesthetists work in, with rapid demand for decisive action. Delays are 
costly, and not readily welcomed by surgeons. So, to have a framework which focuses on 
asking a specific question of the investigation, promptly acquiring the best quality information so 
as to facilitate swift and accurate interpretation of the necessary information only in order to aid 
decision making. This should be the goal of anaesthetic POCUS examination in the 
environment of optimal service delivery and patient care. Of course, further training and 
advancement of skills should never be discouraged, but that should not be the mark of 
competence. (3) 
 
There is therefore an opportunity available to pioneer a curriculum in POCUS in our country. To 
develop a framework from which standardisation of teaching, well-defined outcomes and 
assessment thereof, and from which advancements can be built onto. What an exciting 
opportunity to be the first to create this field of anaesthesia framework and open the door to the 
rest of the universities to follow suit using the framework set out.  
Current research shows that optimal ultrasound teaching involves a combination of didactic 
teaching to gain the basics and baseline knowledge of the workings of ultrasound, how it works, 
how it should be used, etc. Combined with app-based or computer-based pattern recognition 
and anatomy and pathology identification, as well as hands-on simulation based teaching then 
progression to on the job learning. This combination leads to enhanced competence in a 
fraction of the time as well as developing user confidence. 
 
The field of point-of-care ultrasound is excessively vast. Even in the field specific to 
anaesthesia, an exhaustive coverage of everything one needs to know is well beyond the focus 
of this booklet. I plan to cover certain applications that I feel are particularly relevant to the 
anaesthetist, or perhaps would be of interest. I do not plan to cover much regional anaesthesia, 
echocardiography, lung or airway POCUS. These applications of ultrasound are extremely 
important to anaesthetists; however, these topics have been very well covered in excellent 
previous talks, presentations and booklets and already form part of the everyday practice of 
anaesthetists, at least where I work. Each one of those applications are vast enough to form the 
basis of a separate talk, of themselves. 
There are myriad applications of POCUS that I feel would be extremely useful to anaesthetic 
practice and decision-making that are largely overlooked and underutilized. This will be the 
focus of my discussion.  
I plan to give an introduction to Gastric ultrasound, Neuraxial ultrasound, optic nerve sheath 
diameter and the role of POCUS in cardiac arrest. These applications of POCUS are of 
particular interest to me as I felt they are hugely overlooked in our setting and have the potential 
to vastly improve patient management.  
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Gastric POCUS 

 
Gastric POCUS anatomy. L-Liver, A-Antrum, P-Pancreas, SMA-Superior mesenteric artery, Ao-Aorta. 
 

We have all been in the quandary: yes, she is diabetic but quite well controlled, although she is 
obese, or the nurse says the patient ate a full meal but the patient swears and pleads that 
nothing has passed their lips since the night before. Sometimes we are uncertain about the 
starvation period, and sometimes we are certain about the starvation period but are uncertain 
as to whether normal starvation guidelines are sufficient in this particular patient. There is also 
the troublesome scenario of the possible aspiration risk that must be weighed against the 
difficult airway and many more such arenas where POCUS may be extremely beneficial. (4,5) 
 
Pulmonary aspiration is one of the worldwide leading causes of preventable anaesthetic related 
morbidity and mortality. It is also due to inadequate assessment of the starvation period and risk 
of aspiration where claims against anaesthetists have been lain. Gastric aspiration or 
Mendelson’s syndrome is therefore a serious complication, that has piqued the interest of 
anaesthetists for many decades, and will for many more. The three most important factors in 
determining the severity of gastric aspiration is 1. The quantity of aspirate, 2. The presence of 
solid or particulate matter, and 3. The pH of the aspirate. Ultrasound can help to quantify two of 
the three determinants (4,5,6) 
 
This is where the utility of gastric POCUS comes in. In a recent article published in anesthesia 
and analgesia, Kruisselbrink et al looked into the diagnostic accuracy of gastric POCUS. They 
starved 40 individuals and randomized half of them to receive a standardized ingestion of either 
fluid or solid. Then over 24 hours later the randomization was repeated. A blinded sonographer 
using a standardized protocol performed all 80 scans and documented their findings 
dichotomously accordingly to either positive or negative for full stomach. Positive for full 
stomach was defined as either more than 1.5ml/kg of clear fluid or any solid matter, and 
negative being both the absence of any solid material and less than 1.5ml/kg clear fluid. 
1.5ml/kg is internationally recognized as indicating basal gastric secretions. In this study, 
ultrasound performed excellently with a sensitivity of 100%, specificity 97.5% and a positive 
likelihood ratio of 40 and negative LR of zero. It showed in this study a positive predictive value 
(PPV) of 0.976 and Negative predictive value (NPV) of 1.0. These results show that at least in 
healthy individuals where there is uncertainty regarding the fasting period and the presence of a 
full stomach, that gastric ultrasound is highly sensitive and specific in terms of its diagnostics 
here. Gastric ultrasound is useful in both qualitative (assessing whether there is something 
present in the stomach, as well as the type of substance, clear fluid, thick fluid or solid matter) 
and quantitative (measuring the amount of substance in the stomach) assessment of gastric 
contents. (4) 
Gastric ultrasound is still validated in pregnancy however there are a number of caveats 
associated with its use. Firstly, due to the large gravid uterus, the upward displacement of the 
stomach, foetal movements, as well as rapid respiratory rate of the parturient gastric ultrasound 
is very technically challenging. It is a skill that should be mastered in the non-pregnant patient 
and then the skill needs to be specifically adjusted and practiced in the pregnant patient. 
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Secondly, the formulae that are used to quantify gastric volume are validated in the non-
pregnant population, and so need to be adjusted for pregnancy. Not only does it need to be 
adjusted, but various formulae seem to be more accurate at various stages of pregnancy, for 
example the Perlas formula (Gastric volume in mL = 27 + [14.6 x right lateral cross-sectional 
area] – [1.28 x age]) seems to perform quite well in early pregnancy, however becomes 
inaccurate later on, where the formula Arzola et al derived and validated for third trimester 
seems to be the most accurate in that setting. (Gastric volume in mL = 215.2 x log[CSA] – 
327.1.) 
Thirdly, the feasibility of the exam is far lower in the obstetric population. Traditionally the exam 
is performed in the supine, preferably semi-recumbent, and right lateral positions. The 
measurements are performed in the right lateral position as this is found to more closely 
correlate with actual gastric content. However, the right lateral position may not be an option for 
some pregnant patients, for example patients that must be placed in the left lateral position for 
either foetal or maternal resuscitative efforts. 
Lastly, gastric ultrasound speaks only to the amount of gastric volume and can only address 
that aspect of the additional aspiration risk. Whereas we already know that there are numerous 
physiological and anatomical changes that increase the risk, in addition to the fact that 
procedures are often more urgent in nature. This must all be borne in mind when assessing the 
parturient. The utility of gastric ultrasound remains the same, and is useful to aid in decision 
making, especially with regard to timing of elective surgery in the patient of uncertain pre-
operative fasting. 
Very exciting research is coming to the foreground that has the potential to change guidelines. 
One such study which piqued my interest in particular was a 2021 article by Jennifer Lee et al 
where they looked at gastric emptying for formula fed infants. They found that gastric emptying 
times ranged from 45 to 150 minutes. This is way less than the standard 360minutes that we 
fast these infants for. Clear fluids are not an adequate replacement for feeds and we may be 
fasting these infants for too long. Considering that they normally would feed every three hours 
on demand, and that the current evidence for the starvation duration is category C and D. It is 
worth keeping an eye on the exciting findings as we continue to explore the utility of gastric 
ultrasound.  (6,7,8,9,10) 
 
The technique is very simple.  
Positioning: there are 2 recommended positions for gastric POCUS. The first is the semi-
recumbent position where the patient lies supine with the head of the bed elevated 
approximately 45 degrees. The second, and more important position, is the right lateral 
decubitus position where the patient is turned from supine to lie on their right side with the left 
side up. This leads to dependent filling and optimal distension of the gastric antrum.  
Scanning: Using the curvilinear 2-5MHz transducer for adults and children above 40kg, and the 
high frequency linear transducer for paediatric patients. In the sagittal plane, with the marker 
aimed cephalad, place the probe in the epigastrium just below the xiphisternum. Then with the 
depth set at 10cm initially (may need to increase this with central obesity) slide the probe 
laterally until you find the gastric antrum. The view to find is the plane where the left lobe of the 
liver, gastric antrum, pancreas, mesenteric artery and aorta are in plane (in order from anterior 
to posterior). The antrum can easily be identified between the inferior aspect of the liver 
anteriorly and the pancreas and aorta posteriorly 
The antrum can then be examined and the cross-sectional area can be traced using the free-
tracing method or the 2 diameter method, whichever technology is readily loaded on the 
machine you have available. (4,5,7) 
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These figures indicate the empty antrum 
 

 
Empty antrum showing the “bullseye” appearance of the hypoechoic muscularis propria, surrounding the more echogenic mucosa and 
submucosa of the stomach lining which appears to be collapsed here 

 
 

These figures represent fluid in the antrum 
 
 

 
In this view, the submucosa is separated by a hypoechoic substance, indicating clear fluid. 

 
Small hyperechoic bodies within the fluid either indicate recent ingestion or carbonated beverage ingestion. At times giving the “starry sky” 
appearance. The quantity can be ascertained either via free-tracing the muscularis propria or via bi-plane cross sectional diameter tracings 
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And lastly what solid matter would look like 
 
 

 
The layers of submucosa this time separated by heterogenous material. 

 
Frosted glass appearance of recent solid ingestion. Heterogenous solid and liquid material mixed with significant quantities of air leading to 
shadowing and loss of deeper structures on the image 

 
Results: 
The objective is to distinguish between the empty antrum, the antrum with solids in and the fluid 
filled antrum. The frosted glass, heterogeneous image indicative of solid food or particles 
automatically classifies the patient at high aspiration risk. If fluid is seen in the antrum in the 
right lateral decubitus position (RLD) but not in the supine position, that would indicate baseline 
gastric secretions and can be considered an empty stomach. The alternative would be to 
estimate the gastric volume using the antral cross-sectional diameter in the RLD position and 
apply an appropriate formula or use the formulated table. If fluid is seen both in the supine and 
RLD positions, then this would indicate an increase from baseline gastric secretions and is 
considered a full stomach. (4,5,7,8) 
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A      B 
A. Table, indicating estimated gastric volume by assessment of the antral cross-sectional area and cross-referencing that value with the patients 
age.  
B. Proposed simplified algorithm to aid clinical decision-making and management based on the findings of Gastric POCUS  

 
Neuraxial POCUS 
Neuraxial anaesthesia has numerous benefits associated with its use. It is commonly used as a 
sole anaesthetic technique for very invasive and stimulating procedures, and the benefits in 
obstetric anaesthesia are very well documented. There is also substantial risk associated with 
this anaesthetic technique. It is for these reasons that ultrasound guidance in this field of 
regional anaesthesia has gained such attention and much excitement.  
Among well described benefits of Neuraxial ultrasound is in paediatric Neuraxial anaesthesia 
and in patients with previous spinal surgery, difficult anatomy and obesity. (11) 
 
A recent study by Broadbent et al describes the hair-raising combination of the alarming 
inaccuracy of correct lumbar interspace level identification as well as the incidence of the conus 
medullaris extending well beyond the L1-2 interspace. The table below shows the correlation 
between the assessed spinal interspace, which was identified using landmark technique and 
marked, and the actual space as identified using MRI. (13) 
 

 
 
The following table and graph shows firstly the various levels of the conus medullaris in 100 
women who underwent MRI scanning, and the subsequent table shows the percentage of 
spinal cords extending below L2 in numerous studies.(12) 
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They showed a very high incidence of anaesthetists incorrectly estimating the spinal level by 
landmark technique in both the seated as well as the lateral position. These findings were also 
found by van Gessel et al and Moore et al, although their incidence of inaccuracy was lower at 
59 and 50% respectively. Levin’s studied the level at which epidural catheters were placed in 27 
cadavers and found a 40% inaccuracy in the identification of the level, with 33% of the cases 
having the catheter being placed too high. (12,13,15,16) 
This image from Chestnut’s obstetric anaesthesia 6th edition on page 761, shows how Tuffiers 
line can be misleading in a patient who is lying in the lateral position. Anaesthetists aren’t 
routinely tested on whether their assessment of the spinal level was correct or not, so lack of 
feedback may be one reason for the lack of accuracy. Fortunately ultrasound serves as an 
easily accessible means of investigating the true level and then we can use that as feedback. 
(14) 
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Three techniques to Neuraxial ultrasonography are best described. In adults the curvilinear 2-
9MHz transducer is traditionally used. Positioning is the same as for landmark approach in 
either the seated or lateral positions: 
 

1. Transverse Median Approach 
This approach is the preferred technique for identification of the midline. The probe is 
placed in the midline in the transverse plane on the patients back. The spinous process 
is identified as the most superficial bony landmark and the probe is moved until the 
spinous process is in the middle of the image and the midline can then be marked. With 
cephalad and caudad movement, the interspinous space can be identified as the 
acoustic window that appears, and small tilting movements are used to identify the 
deeper structures of interest. With proper technique, one will be able to identify in this 
view, from deep to superficial: the vertebral body-posterior longitudinal ligament complex, 
the dural sac, and the ligamentum flavum-dura mater complex as structures of interest. 
The spinal canal is identified as a hypoechoic structure bounded by two parallel 
hyperechoic lines. The more superficial of these lines is the posterior complex otherwise 
known as the ligamentum flavum-dura mater complex. With image optimization, the 
epidural space can often be identified as a hypoechoic space again enclosed by the 
parallel hyperechoic dura and ligamentum flavum (the so-called equal [=] sign).  
Once this view is identified, one can either use real time imaging with in-plane needle 
insertion (which is the more technically challenging in my opinion) or the pre-puncture, 
pre-procedural scanning and marking approaches. If the pre-puncture scan is used the 
depth to the epidural space can be measured using the calliper measurement built in 
technology, and the needle insertion site as well as optimal needle trajectory can be 
assessed as the same placement and direction that the transducer is being held at to 
identify the space and deeper structures of interest.  (12) 
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2. Paramedian Sagittal Oblique Approach 
In this approach, the transducer is placed longitudinally, 1-2cm lateral to the midline and 
the probe is tilted to aim the beam medially toward the midline. The sacrum is identified 
as a flat wedge-shaped structure and the level of the interspace can reliably be 
ascertained by sliding the probe in a cephalad direction and counting the lumbar 
vertebrae. This is the superior approach when trying to visualise Neuraxial anatomy as it 
affords the practitioner the largest acoustic window of the three approaches. Horse head 
sign is noted as the laminae are interposed with intervertebral spaces resembling the 
head and neck of a horse. Just deep to this is the dural sac. By optimizing the image and 
focusing on the superficial aspect of the dural sac the posterior complex can again be 
visualized, except now in long axis, and the equals (=) sign of the epidural space may 
then be visualized. The depth to the epidural space can once again be measured as well 
as the estimation of needle trajectory should a paramedian approach be adopted for 
epidural placement. The posterior complex is slightly less hyperechoic than the laminae 
and may appear as a thick band across adjacent laminae. With continued cephalad 
scanning, the cauda equina may be visualized as numerous hyperechoic lines or streaks 
within the hypoechoic spinal canal. (12) 

 
 

3. Longitudinal Median Approach 
This approach has limited utility over the previously discussed approaches other than for 
identification of the spinous processes and to identify vertebral levels. The usefulness of this 
approach is the ease at which it is applied, and simplicity in the aim of the scan. The transducer 
is held in the longitudinal plane in the midline, and the spinous process is identified as a series 
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of superficial hyperechoic lines with acoustic shadowing deep to them. The appropriate level 
and spinous processes can then be marked. (12) 
 
To incorporate the I-AIM framework to Neuraxial POCUS, we need to discuss the benefits and 
drawbacks of ultrasound for this indication. Ultrasound is not in any way standard of care for 
Neuraxial anaesthesia. In the non-obese, non-pregnant patient, with normal spinal anatomy and 
easily palpable spinous processes and bony landmarks there is no good evidence for the 
benefit of ultrasound in that setting outside of the realm of training or practice. The baseline rate 
of failure and complications in that setting is already low, so ultrasound doesn’t seem to add 
much benefit there. However, there is good evidence in the obstetric population that Neuraxial 
ultrasound reduces incorrect spinal level selection, increases first pass success rate, reduces 
the incidence of inadvertent dural puncture and neural injury, improved quality of the block, 
patient satisfaction and some literature indicating a reduced incidence of traumatic tap and 
spinal haematoma.  
Neuraxial POCUS has also shown major benefit in the obese population, patients with previous 
lumbar surgery and abnormal spinal anatomy. There is also much recent work going into 
paediatric spinal and epidural anaesthesia after the successes of ultrasound guided caudal 
blocks.  
The obvious downside of Neuraxial POCUS is the steep learning curve as the structures of 
interest are densely encased by bone leaving small acoustic windows. The structures are also 
deep in adults, leading to lower frequency transducers being required, reducing image 
resolution. There is also the concern of increased time for the procedure. Once competence is 
achieved, scanning typically takes 2-5minutes. This may lead to delays in patients with 
otherwise normal anatomy. However, in patients with difficult anatomy and where difficulties are 
anticipated, Neuraxial ultrasound actually reduces procedure time and leads to far fewer 
attempts and increased likelihood of success.  (4,12) 
 
POCUS in Cardiac Arrest 

 
Table showing various established cardiac arrest protocols using point-of-care ultrasound 

 



Page 17 of 25 

For many years, there has been a growing interest in the use of ultrasound in the collapsed and 
arrested patient. The 2018 ACLS guidelines actually introduced a distinct step in the 
PEA/Asystole algorithm to include POCUS, with the strict provision that it does not interfere with 
the resuscitative efforts, does not prolong the pulse check, and is not used to prognosticate 
during the resuscitation. Numerous resuscitation councils and their guidelines advocate for the 
use of POCUS in cardiac arrest. The AHA (American Heart Association), American College of 
Emergency physicians, European resuscitation council and the American society of 
echocardiography are a few such resuscitation councils. 
The greatest utility of ultrasound in the setting of cardiac arrest is in the non-shockable 
pulseless electrical activity, asystole, or pseudo-pulseless electrical activity scenario. Around 
80% of in-hospital cardiac arrests fall into this group. Pseudo-pulseless electrical activity is a 
term used to describe a situation where there is ongoing organised electrical activity, much like 
in true PEA, but here the electrical activity still translates into organised cardiac contraction. 
This situation is logically associated with a greater likelihood of sustained return of spontaneous 
circulation (ROSC) than PEA.  
Of the many uses of ultrasound, the key aim in the CPR scenario is diagnostic in identification 
of a reversible cause of cardiac arrest, and interventional for example in ultrasound guided 
pericardiocentesis and thoracocentesis, etc. Once again, it must be emphasised that ultrasound 
was never meant to replace any part of the physical examination, blood gas or other laboratory 
examination and most certainly must never interfere with pristine ACLS resuscitative efforts but 
rather serves as an adjunct to help facilitate diagnosis and aid in decision making. Ultrasound 
serves as an extension of the clinical examination, and should be focused. The resuscitation 
scenario is not a time for advanced measurements and diagnostics. (17) 
 
Cause Identification 
A primary priority in the management of the unstable patient is determining the cause while 
trying to maintain homeostasis and perfusion. Point of care ultrasound has exciting possibilities 
in this scenario. 
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The major role of ultrasound is to help identify a treatable cause for the arrest so resuscitation 
efforts can move from empiric to focused interventions. Specific signs to look for include: 

1. Cardiac Tamponade 
In the still beating heart: collapse of the right ventricle in early diastole, collapse of the right 
atrium during late diastole and early systole, small ventricles and a distended IVC. With true 
asystole or PEA, a benign pericardial effusion becomes difficult to differentiate from a cardiac 
tamponade. Clinical correlation is important to decide on the significance.  

2. Tension Pneumothorax 
Lung ultrasound has superior sensitivity and specificity for pneumothorax in comparison to 
chest X-ray. It enables the clinician to rapidly rule out a pneumothorax in the presence of lung 
sliding, B-lines or a lung pulse, and the lung point is the diagnostic sign of a pneumothorax. 
Isolated A-lines without lung sliding may be suggestive of a pneumothorax, but lacks specificity. 
Numerous other conditions including endobronchial intubation, pleural adhesions or even 
apnoea may produce the exact sign. However, in the setting of recent penetrating chest trauma, 
invasive line insertion on the ipsilateral side or a meaningful inciting event followed by 
cardiovascular collapse, a presumptive diagnosis of pneumothorax can be made with the 
absence of lung sliding with reasonable clinical suspicion according to JA Paul et al in their 
2021 review article. Furthermore, adequate chest compressions can of itself lead to fractured 
ribs and subsequent pneumothorax, where lung ultrasound will be able to pick that up. 

3. Myocardial infarction 
Usually myocardial infarction devolves into a shockable rhythm. Myocardial infarction is a 
leading cause of sudden cardiac arrest and cardiac death, ultrasound becomes useful in the 
post-resuscitation period. Therefore it is important to scan the patient after return of 
spontaneous circulation to look for signs of regional wall motion abnormality which can be 
interpreted in conjunction with ECG and cardiac biomarkers. It is then important to involve 
cardiologists in shared decision-making and help with precision echocardiography. Another use 
of ultrasound is to identify both poor prognostic features like free wall rupture, as well as to 
identify structural defects that will need intervention such as new mitral regurgitation from 
papillary rupture or a VSD.  

4. Hypovolaemia 
Hypovolaemia is very difficult to distinguish in the asystole or PEA scenario as the right ventricle 
may be dilated in all arrest aetiologies including hypovolaemia. However, in the setting of 
pseudo-PEA, small ventricles and collapsed IVC points to hypovolaemia and aggressive fluid 
resuscitation should be instituted.  

5. Right ventricular failure due to outlet obstruction. 
It will be very difficult to differentiate between a pulmonary embolism and pulmonary 
hypertensive crisis. Either can lead to right ventricular failure and cardiac arrest. Signs which 
point toward pulmonary hypertension are signs of longstanding hypertension such right 
ventricular hypertrophy and right atrial enlargement. Rarely the embolus can be seen on TTE 
but can sometimes be identified on TOE. Scanning the lower limbs and IVC for a DVT helps in 
the diagnosis and with the decision to anticoagulate or thrombolise.  

6. Hypoxic arrest 
15-40% of in hospital cardiac arrest are due to hypoxaemia and respiratory insufficiency. It often 
devolves into a bradycardia and often a pseudo-PEA then PEA. Ultrasound has great utility in 
this setting. B-profiles bilaterally are non-specific but may point toward fluid overload or ARDS, 
whereas pleural effusion is something ultrasound is very sensitive for. Signs of consolidation 
such as hepatisation of the lung tissue with dynamic air bronchograms point toward an infective 
cause.  (17,18) 
 
Adequacy of chest compressions 
Probably the most crucial intervention in cardiopulmonary resuscitation, is early and adequate 
chest compressions. Ultrasound has two key roles in this setting. In a study by Shin et al, they 
looked at 189 patients who underwent CT scanning of the chest with 3-dimensional 
reconstruction, to determine if the inter-nipple line was the most appropriate hand position for 
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adult CPR. They found that in about 80% of subjects examined, the structure beneath the inter-
nipple line was the ascending aorta in 18%, aortic root in 48.7%, and the left ventricular outflow 
tract in 12.7%. They found the left ventricle was below the inter-nipple line in just 20.6% with 
emerging studies suggesting that compressions directly over the ventricles may improve 
survival and outcomes. There has also been much interest in the use of TOE in the setting of 
cardiac arrest. Parker et al in a recent literature review found that it changed the direction of the 
resuscitation in numerous cases. In a small study, Hwang et al through the use of TOE tried to 
determine the area of maximal compression (AMC) with CPR in 36 patients who had arrested in 
the emergency department. The AMC was the aorta or aortic valve in 20 of the patients and the 
LVOT in 14 of the patients.  
Ultrasound can therefore be used both to assess the correct hand placement, as well as to 
assess adequacy of left ventricular compression in the substernal view. This, together with end-
tidal CO2 can be used to objectively assess the adequacy of chest compressions. This is 
particularly useful as there are many areas in our environment where CO2 monitoring is not 
available but ultrasound may be. Further advanced measurements can be assessed using TOE, 
including measurement of flow and the AMC, but skilled users are needed for this. The view 
often favoured here is the mid oesophageal left ventricle in long axis or aortic valve in long axis 
It must be emphasised again that the application of ultrasound must not interfere with standard 
ACLS resuscitation. (17,18,19) 
 
Pulse checks 
Manual pulse checks are known to be unreliable, even in the hands of healthcare providers. 
Both false positive and false negative pulse checks as well as prolongation of the checking time 
is known to be damaging to the outcome of this very vulnerable group. Often times, one may 
feel the pulsation of the capillaries in one’s own finger, or may have relatively insensate fingers.  
Studies have looked at using ultrasound to increase the accuracy of the pulse check, and in 
recent studies it was found that it did not prolong the pulse check and even reduced duration of 
pulse check in some studies. In a 2019 study by Badra, it was found that even in ultrasound 
novices, that after a short 15minute workshop, the group felt more confident and were more 
accurate in detecting pulses than with manual palpation. And it was found in their group that 
ultrasound did not increase the time to pulse detection. Another case series showed a simple 
novel technique for pulse checks that reliably gives information required for decision making 
within 5 seconds with better accuracy than manual palpation. They used a high frequency linear 
probe in the short axis (transverse plane) along a central vessel (either carotid or femoral artery) 
and firstly noted compressibility then pulsatility of the vessel. If the vessel was compressible and 
no obvious pulsation noted, that indicated pulselessness. Should the vessel not be 
compressible and pulsation noted, then the patient was deemed to have a pulse and managed 
accordingly. They showed very reliable and confident arrival at a decision in less than 5 
seconds in patients where there was uncertainty or disagreement among physicians on manual 
pulse check.  
This application of ultrasound is still fairly new, so caution should be displayed with its 
implementation but there seems to be a movement toward its utilization in the literature, so it is 
worth keeping an eye on the research as it unfolds. (20,21) 
 
Protocol 
For ultrasound to be used in the resuscitation scenario, it should be protocolled and practiced. 
This is very important to minimize the risk of interference with CPR measures that should be 
ongoing in parallel to sonography. Various approaches have been described so it is best to 
decide as an institution what the protocol should be and practice that. A detailed stepwise 
approach is best, starting with appropriate machine placement, plug in and switch the machine 
on, select the phased array probe, select an appropriate preset if necessary, select an optimum 
depth and set up to save a recorded loop of more than 10 seconds, place the probe in the 
subxiphoid area ready to start scanning once the pulse check starts and be mindful to stay out 
of the way of the first-responders. The recommended starting view is the subxiphoid four-
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chamber view. It is prudent not to interpret the images during the assessment, but rather to 
gather information and interpret the saved loops when chest compressions resume. This 
approach has been shown to be the least likely to delay chest compressions and primary 
resuscitative measures. Excellent communication with the resuscitation leader is vital here. It 
has also been shown that a separate timer that counts out loud during the pulse checks to limit 
their duration is beneficial.  
Much emerging data from the emergency department has shown growing interest in the 
usefulness and safety of TOE in CPR with careful patient selection. This allows continuous 
cardiac assessment throughout chest compressions. Although interesting research is looking at 
TOE guided lung ultrasound, and even limited abdominal ultrasound, it cannot replace surface 
ultrasound in this setting. (19) 
 
The ideal scenario is to implement POCUS diagnostics well before the patient arrests. This may 
help in determining the cause of instability and prevent collapse. However, should the patient 
collapse, important information can be handed over to the resuscitation team, such as the 
optimal views and acoustic windows in which to gather information, in addition to what 
information has already been collected by the initial user.  
 
Optic Nerve Sheath Diameter (ONSD) 
Traumatic brain injury is common, and raised intracranial pressure is a prevalent cause of 
secondary brain injury. A major problem in our setting is the lack of availability of neurosurgical 
expertise. In KZN, there is a single centre that provides neurosurgical intervention, and this 
centre is severely overburdened. Radiology departments are also often overwhelmed by 
numerous urgent requests, and CT scans are also not ubiquitously available. Often patient 
decisions in the setting of the injured brain are made empirically, often based on assumption 
and unreliably performed clinical exam. Much hangs on the proper assessment of the Glasgow 
Coma Scale which, even if done properly, has a multitude of confounding factors involved in its 
application of assessment. There is a major need for a non-invasive, repeatable, relatively 
inexpensive means of assessing for damaging levels of intracranial hypertension. ONSD can be 
used in both the clinical assessment of patients and to help decide when further scanning or 
intervention may be required in the absence of invasive ICP monitoring. 
A systematic review and meta-analysis published in Anesthesia and Analgesia this year in 
March looked at the diagnostic accuracy of the available non-invasive methods of measuring 
intracranial pressure. By far, the most frequently assessed method was optic nerve sheath 
diameter (ONSD). They found ONSD to have a high diagnostic accuracy with a sensitivity of 
90% and estimated specificity of 88% and dilation of the nerve sheath seems to appear 
significantly sooner than clinical signs such as papilledema.  
Although, very accurate for detecting raised intracranial pressure, one major problem is how 
there is no unified cut-off value above which intra-cranial pressure is said to be above 20mmHg. 
There seems to be significant variation in the literature as to the decided ranges. (22,23) 
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The best technique for scanning is also a topic of debate. Perhaps some of the variation in 
reference values in the literature is to do with the variation in the scanning technique. It seems 
the optimal plane to use is the axial or vertical plane according to Agarwal et al, and to use the 
highest measurement in either eye as 6.2mm and the mean measurement between the eyes as 
5.6mm which gave them a sensitivity of 100% in their study.  
Another recently published approach is the ‘CLOSED’ protocol where both the axial and coronal 
approach is used. CLOSED stands for Color-doppler where Doppler is used to identify the 
central retinal artery and vein which run in the middle of the distal segment of the optic nerve. 
Lining this view up posteriorly and the lens anteriorly aids diagnostic accuracy. Low power 
examination speaks to the power output setting on the machine. As the retina is believed to be 
a very sensitive organ, the lowest power should be used. Optic disc clarity which speaks to the 
correct identification of the disc in the presence of artefact. The disc needs to be cleared, so the 
measurement needs to be taken 3mm deep to the papilla. Shortest examination possible, 
speaks to the duration of the exam. As the eye is a reasonably sensitive organ, it is 
recommended to save a loop or still images on which to make measurements to avoid long 
periods of globe compression and to limit the chance of an error of parallax due to inadvertent 
sliding of the probe with machine manipulation. Elevate frequency setting on the transducer to 
the highest possible setting for added clarity. The optic nerve is a relatively superficial structure 
and minimal penetration is required via usually good ultrasound media of vitreous fluid, so 
higher frequency here leads to more clarity of structures and increased accuracy of 
measurement. Lastly Dual measurements refers to the fact that it is recommended that 
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measurements are taken in both axial and coronal planes for each eye and both the average 
and highest values are looked at.  
I like this approach as it details a standardized, very simple approach and will enhance 
reproducibility with subsequent readings and may lead to an agreed upon cut-off measurement 
as a standard trigger for intervention in the near future if globally adopted. (22,23,24) 
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CONCLUSION 
Ultrasound has for a long time been the new frontier in anaesthesia. There currently is no 
available set curriculum for POCUS teaching, aside from a few tutorials on ultrasound physics 
for the primary exam, and echocardiography and regional anaesthesia for the final exam. There 
is however, a worldwide trend to creating a standardised approach to teaching this valuable 
tool. At the moment, most of ultrasound learning is via self-teaching and on the job application, 
which may work for some learners, but others may find very difficult. This can lead to an 
aversion to the incorporation of ultrasound into the clinical practice of certain individuals.  
New and exciting applications for POCUS are being discovered and investigated every day. 
Learning basic competence in the various applications of POCUS opens up a whole new world 
for the practicing anaesthetist.  
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