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Abstract

Context: Patients with undifferentiated systolic murmurs present commonly during the perioperative period. Traditional bedside
assessment and auscultation has not changed significantly in almost 200 years and relies on interpreting indirect acoustic events as a
means of evaluating underlying cardiac pathology. This is notoriously inaccurate, even in expert cardiology hands, since many different
valvular and cardiac diseases present with a similar auditory signal.
Evidence Acquisition: The data on systolic murmurs, physical examination, perioperative valvular disease in the setting of non-cardiac
surgery is reviewed.
Results: Significant valvular heart disease increases perioperative risk in major non-cardiac surgery and increases long term patient
morbidity and mortality. We propose a more modern approach to physical examination that incorporates the use of focused
echocardiography to allow direct visualization of cardiac structure and function. This improves the diagnostic accuracy of clinical
assessment, allows rational planning of surgery and anaesthesia technique, risk stratification, postoperative monitoring and appropriate
referral to physicians and cardiologists.
Conclusions: With a thorough preoperative assessment incorporating focused echocardiography, anaesthetists are in the unique
position to enhance their role as perioperative physicians and influence short and long term outcomes of their patients.
Keywords: Systolic Murmurs, Echocardiography, Perioperative Period, Anaesthesia

1. Context
A thorough history and physical examination is the
cornerstone of every preoperative anaesthesia consultation. This process is actively taught in medical schools
across the world and is assessed in the final fellowship examination for the Australian and New Zealand
college of anaesthetists (ANZCA). Generations of us
have entered the operating rooms with a stethoscope
around our necks, diligently auscultating the precordium, listening intently for acoustic events and trying
to correlate these findings with underlying structural
cardiac disease.
However, increasingly in anaesthesia we have realized
that there is benefit in direct visualization of structures,
rather than using other traditional techniques. We use video and fibreoptic laryngoscopy to view the larynx and verify double lumen tube position, instead of blind intubation
and auscultation. We use ultrasound to visualize nerves
and vessels for regional anaesthesia and vascular cannulation, rather than rely on variable anatomical landmarks.
Physical examination has been performed by physicians for thousands of years and has been described
by the Pharaoh’s and Hippocrates (1). In 1816, a French

physician Rene Laennec, is widely credited with inventing the stethoscope whilst looking after a young obese
woman with heart failure. Unable to palpate the heart
and uncomfortable putting his head directly on to the
breast of a young woman, he used a rolled up piece of
paper to amplify the cardiac sounds and keep his distance from the patient (2). He called this device the
stethoscope, with ‘stethos’ meaning chest and ‘skopos’
meaning to see or observe in Greek, despite not actually
seeing or observing the heart (2).
Soon after, James Hope, an English physician, accurately
described that most systolic murmurs were caused by abnormal flow across the aortic or pulmonary valves, or regurgitant flow from high to low pressure chambers with
mitral or tricuspid regurgitation (3). The general principles of bedside cardiovascular examination remained
essentially unchanged for almost 200 years until the
widespread expansion and adoption of bedside echocardiography across perioperative, internal medicine and
critical care specialities (1, 4-19).
We aimed to review the up to date assessment and management of the preoperative patient with a systolic murmur.
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2. Evidence Aquisition
In this review, a PubMed search using the terms murmur, systolic murmur, preoperative/perioperative,
physical/clinical examination, auscultation, transthoracic echocardiography, anaesthesia/anesthesia/anesthesiology, aortic stenosis, aortic regurgitation, aortic
sclerosis, mitral regurgitation, tricuspid regurgitation,
hypertrophic cardiomyopathy, flow murmur, valvular
heart disease, pulmonary hypertension, non-cardiac
surgery have been used. We have also searched the
websites of the American society of echocardiography,
American Heart association and American college of
cardiology. A focused review of management of the preoperative patient with an undifferentiated systolic murmur in non-cardiac surgery is presented.

3. Results

3.1. Limitations of Physical Examination
Purists often bemoan the supposed decline in clinical
assessment skills of junior staff and residents (20). Yet
even in the hands of an experienced cardiologist, physical examination has limited sensitivity and specificity
for evaluating patients with an undifferentiated murmur. Aortic stenosis was missed 30% of the time, mitral
valve prolapse 45% of the time, aortic regurgitation and
intraventricular pressure gradients over 80% of the time
(21). In particular, physical examination was unreliable
at diagnosis of the murmur if more than one lesion was
present, such as mixed aortic and mitral valve disease
(missing 45% of these). In addition, the severity of aortic
stenosis could not reliably be diagnosed by clinical assessment alone, particularly in patients with left ventricular dysfunction (21). Furthermore, physical examination
is unable to reliably assess the functional consequences
of valvular heart disease on right and left ventricular
function and pulmonary hypertension (22).
United States medical residents were only able to correctly identify 20% of cardiac pathology when played prerecorded auscultatory sounds (23). This number did not
change significantly with seniority of the trainees and
was similar across Canadian and British trainees (24). We
are unaware of any data specifically evaluating auscultatory skills of anaesthesia trainees.
Auscultation alone is not a reliable screening tool and
has been shown to miss 90% of patients with rheumatic
heart disease (25). Compared with echocardiography,
auscultation was found to have a low sensitivity (less
than 50%), low positive predictive value (less than 10%),
with most cases of significant cardiac pathology being
missed and is no longer recommended as a screening
tool for rheumatic heart disease (26).
A very brief 2 hour tutorial in focused bedside ultrasound greatly improved the diagnostic accuracy of medical students and junior residents with no prior echocar2

diography experience, over and above that obtained with
history, physical examination and an ECG, with sensitivity increasing from 25 to 75%) (15).

3.2. How Big is The Problem?
Focused transthoracic echocardiography (TTE) has
been increasingly described in the perioperative period
(4, 6, 7, 11, 18, 27-32). Despite the expansion of preoperative
anaesthesia clinics, patients still regularly arrive in the
operating room with undifferentiated murmurs and a
recent series suggested this accounted for almost 60% of
focused TTE’s in the perioperative period (27).
Systolic murmurs are common in the elderly and occur
in over 30% of patients (1, 33). In an unselected fractured
neck of femur population, 30% of patients had mild aortic stenosis or aortic sclerosis and 8% of patients had moderate or severe aortic stenosis (33). In the patients with a
murmur, 30% of patients have a normal TTE and concerningly, 30% of patients with some degree of aortic stenosis do not have a murmur. However, when a murmur is
heard in this population, the likelihood of moderate to
severe aortic stenosis increases 8.5 fold (33).
As anaesthetists, we are regularly faced with the challenge of how to manage the patient with a murmur. Given the limitations of physical examination in detecting
significant valvular heart disease, we were previously
faced with the dilemma of proceeding with the case
with uncertainty regarding the cardiac status, or postponing the case and waiting for formal TTE. This may be
unacceptable with time critical surgical emergencies or
surgical oncology.
One view point is that patients don’t need formal or
even limited TTE and we should care for all patients as
though they have severe cardiac disease, refusing to
tolerate absolute or relative hypotension in elderly patients and using invasive arterial pressure monitoring
more commonly (34). However, invasive arterial pressure monitoring is not without complications (35). The
choice of anaesthesia and rational use of fluids and vasoactive drugs would differ greatly between patients
with aortic stenosis, hypertrophic cardiomyopathy, mitral and tricuspid regurgitation, all of whom may present with a systolic murmur.
Focused TTE can be performed in just 5 - 10 minutes
immediately at the bedside and is non invasive with
no known risks. It allows accurate identification of the
etiology of the murmur, the severity of the stenotic or
regurgitant lesion and its effects on right and left ventricular function and pulmonary artery pressure 6. In
a small study, we have recently shown that anaesthesia
trainees with limited training are able to reliably diagnose and quantify aortic stenosis from normal with
focused TTE (36). Medical students with limited training using small portable TTE devices, have significantly
higher diagnostic accuracy than experienced cardiologists with physical examination. This includes valvular
Anesth Pain Med. 2015;5(6):e32105
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heart disease (93% vs 62%) and left ventricular size and
function (37).
In addition, anaesthesia colleges worldwide are increasingly emphasizing the role of the anaesthetist as
the perioperative physician (38-41). This encompasses
not just our expertise during the relatively brief period
in the operating room. As such, is it acceptable to assess
a patient, hear a murmur and then proceed, without
actually evaluating underlying cardiac structure and
function? Patients may survive regardless of the surgery
or anaesthesia, but if we are to be true perioperative
physicians, we must be actively involved in what happens to the patient before and after the surgery. We may
be the first physician to document potential cardiac pathology during our clinical assessment, that requires
appropriate investigation and follow up. An otherwise
well patient with no regular general practitioner, presenting for elective carpal tunnel release under local anaesthesia and sedation, is an opportunity for us as perioperative physicians to evaluate the patient outside of
the ten minute superficial surgery. Releasing the flexor
retinaculum may improve the paraesthesia in her hand,
but it won’t save her life. Hearing the loud ejection systolic murmur in the aortic area, confirming severe aortic stenosis with a focused TTE in the preanaesthesia
room, then organizing appropriate referral to a cardiac
multidisciplinary team for a timely aortic valve replacement just might.
A focused preoperative TTE does not aim to replace a
thorough physical exam, nor does it aim to replace a formal cardiology TTE. Rather, we need to reevaluate the way
we examine patients and the tools we use and consider
that bedside echocardiography is an extension of the
stethoscope we already carry and integrate this into our
assessment. Why would we use a version of the same device invented nearly 200 years ago, that clearly has limitations and relies on indirect acoustic patterns? When
we have ready access to non-invasive echocardiography,
with no known risks, that allows direct visualization of
cardiac structures. This improves the diagnostic accuracy
of cardiac physical examination by more than 50%, finds
unsuspected but clinically relevant abnormalities in 20%
and importantly when integrated with clinical examination has a negative predictive value of > 95% (1). Roelandt
initially described this as an ‘ultrasound stethoscope’
and emphasizes its importance as an extension of physical examination (1).
Full functioning ultrasound machines have reduced
in size from large platforms the size and weight of an
adult male (still commonly present in cardiology departments), to smaller semiportable devices the size of
a laptop computer often present in perioperative areas,
and now miniature devices the size of a smart phone
weighing just a few hundred grams (1, 42). TTE is recommended for the initial evaluation of known or suspected valvular heart disease in recent North American and
European guidelines (22).
Anesth Pain Med. 2015;5(6):e32105

3.3. Common Causes of Preoperative Systolic
Murmurs
3.3.1. Aortic Stenosis
Whilst a late a peaking systolic murmur, delayed carotid pulsation and soft or absent second heart sound
may be useful in detecting significant aortic stenosis
(43), no clinical examination findings have a high sensitivity or specificity for diagnosing severe aortic stenosis
(44). Echocardiography is required to reliably exclude
severe aortic stenosis when this is suspected (45). This
is particularly so if more than one cause of a systolic
murmur is present and in the presence of left ventricular dysfunction (21).
Severe aortic stenosis has long been recognized as a risk
factor for major adverse cardiac events (MACE) in noncardiac surgery. The initial Goldman Cardiac Risk Index
showed patients with severe aortic stenosis had a perioperative mortality of 13% compared to 1.6% in patients
without aortic stenosis (46). More recent data suggests
this rate has declined, perhaps because of increased recognition of aortic stenosis as a risk factor and subsequent
alterations in anaesthesia management, perioperative
monitoring, aggressive haemodynamic management
and less invasive surgery (47). Even with these advances,
moderate and severe aortic stenosis doubles the risk of
mortality (2.1%) and triples the risk of perioperative myocardial infarction (3%) in non-cardiac surgery compared
with non-aortic stenosis patients (48). This was particularly so for patients having high risk surgery, symptomatic aortic stenosis, coexisting mitral regurgitation or
coronary artery disease 48. Concomitant ventricular dysfunction and pulmonary hypertension have been identified as additional risk factors, with 14% of patients with
moderate and severe aortic stenosis having MACE in a
recent series (49).
Another recent study in patients undergoing intermediate and high risk non-cardiac surgery identified severe
aortic stenosis has a risk factor for MACE (18.8% vs 10.5% in
controls), with most adverse events being new or worsened cardiac failure (50). Severe aortic stenosis did not
significantly increase 30 day mortality but strongly increased 1 year mortality (18.8 vs 7%). Elevated right ventricular systolic pressure was also noted as increasing early
and late mortality. Emergency surgery was identified as a
particularly high risk event (50). This strongly reinforces
the importance of our role as perioperative physicians
with appropriate referral to cardiology, for potential
open or transcutaneous aortic valve replacement, even
after surgery is complete.
Additional data suggests that the risk of MACE is increased to 31% in patients with severe aortic stenosis and
11% of patients with moderate aortic stenosis undergoing
noncardiac surgery (51).
A smaller study in patients with asymptomatic severe
3
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aortic stenosis suggested that low and intermediate risk
non cardiac surgery could be undertaken, but with a
higher incidence of intraoperative hypotension and vasoactive drug use (52).
Several small studies suggest that superficial, low risk
surgery under local anaesthesia and sedation can be performed safely (53).
In elderly fractured neck of femur patients, a recent
large series from Northern Ireland suggested an overall
incidence of aortic stenosis of 6.9%, diagnosed with auscultation and confirmed with TTE. In the 272 patients
with aortic stenosis, there were no significant differences
in 30 day and 1 year mortality rates. However, there was
a strong trend for the use of invasive arterial blood pressure monitoring and general anaesthesia for increasingly severe aortic stenosis. There was a non-significant
trend towards less invasive surgery with fewer hemiarthroplasties in the severe group (54).
An additional study in the United Kingdom performed bedside targeted TTE in almost all patients
presenting for fractured neck of femur surgery (33).
Moderate or severe aortic stenosis was present in 8%
of patients, with mild aortic stenosis or aortic sclerosis present in 30% of patients. Around 30% of these patients had a systolic murmur with 31% of these patients
having a normal TTE. It is not clear how thoroughly
anesthetists, geriatricians and orthopaedic residents
examined patients in this study as clinical examination
was not standardized. However, this is likely to reflect
real world practice. Concerningly, 31% of patients with
some degree of aortic stenosis did not have a systolic
murmur, including 23% patients with moderate and severe aortic stenosis, with these patients having surgery
without a diagnosis of aortic stenosis.
A small study using anaesthetist performed focused TTE
suggested improved one year mortality in fractured neck
of femur patients undergoing preoperative TTE. Pathophysiological abnormalities not detected on clinical assessment were common, with 34% of patients hypovolaemic, 20% patients have evidence of cardiac failure, 14% of
patients having aortic stenosis and 11% of patients with
pulmonary hypertension (32).
As well as the additional risk aortic stenosis adds to non
cardiac surgery, recent data suggests that non-cardiac
surgery may accelerate the rate of progression of aortic
stenosis, perhaps related to increased inflammation during the perioperative period (55).
Outside of the increased risk in the operating room,
aortic stenosis is the commonest valvular disease in the
Western world, affecting up to 7% of the population over
65. In this group, it is mostly calcific degenerative disease
on a previously normal tricuspid valve, or disease of a
congenital bicuspid valve. A bicuspid aortic valve is the
commonest congenital cardiac anomaly, occurring in 1% 2% of the population 45. In a series of aortic valve replacements, 50% of patients had a bicuspid aortic valve and
they have earlier onset aortic stenosis (56, 57). These pa4

tients are also at risk of aortic regurgitation, dilation and
dissection of their ascending aorta, so appropriate referral and follow up is essential, with many bicuspid aortic
valve patients needing cardiac surgery at some point in
their lifetimes (57, 58).
In either case, aortic stenosis is an active process of lipid
accumulation, inflammation and calcification from laying down of bone by osteoblast like cells (45, 56). It shares
many pathophysiological features with atherosclerosis
and coronary artery disease, with the two being strongly
associated. Up to 75% of elderly patients with severe aortic
stenosis have significant coronary artery disease, increasing as patients age (59). Despite these similarities, no
medical therapy has been shown to be beneficial in slowing the progression of aortic stenosis, including several
studies looking at statins (56).
The diagnosis is made by clinical assessment encompassing a focused TTE. Severity is classified using clinical and anatomic descriptions (such as heavily calcified
and restricted) and quantified haemodynamically using continuous wave Doppler and measuring the peak
aortic jet velocity across the aortic valve. This is quick,
straightforward, well validated, less prone to errors
than measuring aortic valve areas and is still emphasized as a key component of assessment of severity in
the recent American Heart Association guidelines (22,
60). A calcified aortic valve with a peak aortic jet velocity of over 4 metres/second confirms the diagnosis of
severe aortic stenosis (60). This usually corresponds
with a mean gradient of over 40 mm Hg and an aortic
valve area of less than 1.0 cm2. This will identify most
patients with significant aortic stenosis. Using the simplified Bernoulli formula (Pressure gradient (mmHg)
= 4 x velocity (m/s)2), the pressure gradient across the
valve can be estimated.
Patients with peak aortic jet velocities of over 5 metres/
second are classified as very severe aortic stenosis in recent guidelines (60). (Table 1)
Aortic valve area calculations are performed routinely
in formal cardiology TTE and may be indicated in select
circumstances where patients have low flow across the
aortic valve, such as severe left ventricular dysfunction
or in patients with severe left ventricular hypertrophy,
small left ventricular cavity size and small stroke volumes. In these situations, aortic jet velocity and pressure
gradients may underestimate the severity of aortic stenosis, despite small valve areas (60).
If patients have symptomatic severe aortic stenosis,
aortic valve replacement is indicated. This is either surgically or more recently with percutaneous transcatheter
aortic valve implantation (TAVI) in elderly, frail patients
previously not considered surgical candidates (60). This
would be indicated with or without impending surgery
with untreated symptomatic severe aortic stenosis having a 5 year mortality of 50% - 60% (56).
This should be strongly considered before undertaking
major, high risk elective surgery.
Anesth Pain Med. 2015;5(6):e32105
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Balloon valvotomy is not recommended to ‘get a patient
through’ major surgery, with a limited benefit and high
risk of complications (47).
In asymptomatic patients with moderate and severe
aortic stenosis, the rate of sudden death is 1.5% and cardiovascular death 3.7% over an 18 month follow up period61. Patient education and appropriate referral to
a cardiologist for regular follow up with formal echocardiography is indicated, to assess the progression of
the disease. In truly asymptomatic patients, it may be
reasonable to proceed with low and intermediate risk
surgery. A clinical dilemma arises in that up to 50% of
supposedly asymptomatic patients with aortic stenosis
will become symptomatic with exercise testing or stress
echocardiography (61). These patients are not truly asymptomatic but have adjusted the speed of activities of
daily living to compensate for the increasing afterload
from the aortic stenosis. Some of these patients have
elevated exercise induced pulmonary artery pressures,
impaired augmentation of left ventricular ejection
fraction and dramatically increased pressure gradient
across the aortic valve (> 20 mmHg) during stress echocardiography, which implies more severe disease (61).
These patients are not truly asymptomatic and have an
8 fold increased risk of cardiac events and are 5.5 times
more likely to die suddenly. Aortic valve replacement
may be indicated (61).

3.3.2. Aortic Sclerosis
Aortic sclerosis is a common thickening and calcification of the aortic valve leaflets found in 30% - 40% of elderly patients. It is often associated with an ejection systolic
murmur indistinguishable from aortic stenosis, related
to mild flow acceleration and turbulence across the aortic valve (peak velocity < 2 metres/second) (62). There is
no significant leaflet restriction or obstruction to flow.
It can readily be detected with focused echocardiography and distinguished from aortic stenosis by the leaflet
mobility and lack of high velocity flow across the valve.
Around 5% - 10% of patients with aortic sclerosis will proceed to moderate or severe aortic stenosis over a 7 year
period (63). It not clear which patients will or won’t progress but severity of calcification seems to be a predictor
(62). Given aortic sclerosis shares many pathophysiological features of atheroma, statins and antihypertensive
agents have been used in an attempt to slow progression,
but without success (62).
Aortic valve sclerosis did not influence perioperative
cardiovascular events or mortality in patients undergoing vascular surgery (64). Proceeding with non-cardiac
surgery seems reasonable along with later referral to a
cardiologist.
Aortic sclerosis is a marker of increased cardiovascular risk and independently doubles the risk of cardiac
death and acute coronary syndromes (62). Whilst it may
not be a haemodynamically significant lesion, the murAnesth Pain Med. 2015;5(6):e32105

mur is not innocent and does give early information
about increased likelihood of coronary and carotid artery disease (62).

3.3.3. Aortic Regurgitation
Generations of medical trainees have been tormented by senior mentors for missing this early diastolic
murmur at the bedside or hearing a systolic murmur.
However, with the increasing use of echocardiography,
it has become apparent that most patients with aortic
regurgitation actually have a more easily heard systolic
murmur (27, 65). Aortic regurgitation results from inadequate closure of the aortic valve leaflets because of
abnormal leaflets or a dilated aortic root. Left ventricular end diastolic volume increases and total stroke volume increases, with some going forward into the aorta
and some returning to the left ventricular through the
regurgitant aortic valve. With increased total stoke volume and flow across the aortic valve in systole, peak
aortic flow velocity increases and a systolic murmur is
heard (65, 66). Up to 90% of patients with significant
aortic regurgitation have a systolic murmur with only
15% having an audible diastolic murmur (65). An audible systolic murmur should prompt a search for aortic
valve disease with focused TTE.
Limited data suggests that moderate to severe aortic regurgitation is not benign and significantly increases risk
in patients undergoing non-cardiac surgery. Cardiopulmonary complications are three times more likely (16.2
vs 5.4%) and postoperative death five times more likely (9
vs 1.8%), particularly in patients with impaired left ventricular function, renal dysfunction and those undergoing high risk surgery (67). Mild to moderate asymptomatic disease is usually well tolerated and surgery should
proceed (46).
Aortic regurgitation is mostly commonly caused by
a bicuspid aortic valve or calcific aortic valve disease in
the Western world, so regardless of the current surgery,
postoperative referral to a cardiologist is reasonable for
appropriate follow up as the disease is often progressive
(68). Severity of aortic regurgitation can be assessed qualitatively with focused TTE by evaluating the regurgitation jet width to left ventricular outflow tract ratio. Mild
disease (regurgitation jet width: left ventricular outflow
tract 30%), moderate (30% - 60%) and severe aortic regurgitation (> 60%) can be determined rapidly, albeit with
some limitations (22).

3.3.4. Mitral regurgitation
In general, regurgitant valvular disease has been
thought to be better tolerated than stenotic valvular disease in the perioperative period (46). However, recent
data suggests that patients undergoing non-cardiac surgery with moderate to severe mitral regurgitation are
not without risk (69).
Trivial mitral regurgitation is seen on echocardiogra5
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phy in 40% of otherwise healthy patients (70).
Mitral regurgitation is not a benign disease and has a
sudden death rate of 1.8% per year in the community, regardless of etiology (71). Symptomatic patients and those
with reduced left ventricular ejection and atrial fibrillation are at additional risk (71).
Broadly, mitral regurgitation can be defined as primary, where regurgitation is the result of abnormal mitral
valve leaflets. Or secondary, where the mitral leaflets are
structurally normal but where abnormal left ventricular geometry occurs with left ventricular dilation and
dysfunction, dilation of the mitral annulus and tethering of chordae and mitral leaflets (22, 72). This is usually
due to ischaemic heart disease or dilated cardiomyopathy and is sometimes called ischaemic mitral regurgitation (72). These are really different diseases but both
share left ventricular volume overload with progressive
left ventricular dilation, left atrial dilation and elevated
pulmonary pressures (72). Assessing left ventricular
systolic function is challenging with focused echocardiography because the left ventricular contractility is
often impaired, despite normal left ventricular ejection
on TTE, because much of the ejected volume enters the
low pressure chamber left atrium. By time the left ventricle is dilated with impaired left ventricular ejection
fraction, left ventricular systolic function is severely
impaired with worse prognosis (22). Additional echocardiographic techniques such as global longitudinal
strain are required to detect more subtle decreases in
left ventricular function in patients with normal ejection fraction and these are outside the scope of a focused TTE (73).
Patients with moderate to severe mitral regurgitation having non-cardiac surgery had a higher incidence of death,
myocardial infarction, heart failure and stroke (22 vs 16%)
(69). Patients with ischaemic cardiomyopathy and severe
left ventricular dysfunction (left ventricular ejection fraction < 35%) had an almost 40% risk of adverse events (46, 69).
Qualitative severity of mitral regurgitation can be
achieved quickly using colour flow Doppler with focused
echocardiography and looking at regurgitant jet area
(70). When this fills up more than 40% of the left atrium
or the jet reaches the roof, this implies severe mitral regurgitation (22). More sophisticated techniques outside
the scope of focused echocardiography are required for
quantitative assessment (22, 70).
When significant mitral regurgitation is associated
with abnormal leaflets or impaired left ventricular function, postoperative cardiology referral is indicated even
if surgery proceeds, given the likelihood of disease progression, left ventricular dysfunction and pulmonary hypertension and effects on short and long term mortality.

3.3.5. Hypertrophic Cardiomyopathy/Left Ventricular
Outflow Obstruction
Hypertrophic cardiomyopathy is a relatively com6

mon genetic cardiomyopathy (1 in 500), characterized
by marked and asymmetrical left ventricular hypertrophy, particularly the septum, in a non-dilated left ventricle (74). The systolic murmur arises because of left
ventricular outflow tract obstruction, which occurs in
30% of patients at rest and up to 70% of patients with
exercise, involving pressure gradients > 30 mmHg.
Systolic anterior motion of the mitral valve (SAM), usually results in mitral regurgitation, also contributing
to the murmur. This occurs because of high velocity
flow in the narrow left ventricular outflow tract, causing dragging of the anterior leaflet into the outflow
tract. Effects of anaesthesia on loading conditions can
worsen this gradient (75).
Patients with hypertrophic cardiomyopathy have an
increased risk of sudden death from ventricular arrhythmias, which is in the order of 1% - 5% (75), so cardiology
referral is appropriate regardless of the immediate surgery planned.
Limited data suggests that hypertrophic cardiomyopathy triples the risk of death and perioperative myocardial
infarction during non-cardiac surgery (75). Invasive arterial monitoring, minimizing conditions that exacerbate
the left ventricular outflow obstruction (low preload, low
afterload, increased contractility) and immediate access
to a debrillator are reasonable management strategies in
cases that must proceed.

3.3.6. Tricuspid Regurgitation
At least trivial tricuspid regurgitation is present in
the majority of patients and is normal and of no haemodynamic significance (76). When present, this is
usually associated with structurally normal leaflets
but may be associated with right or left heart disease
and pulmonary hypertension (77). There is virtually no
data on non-cardiac surgery in patients with tricuspid
regurgitation but moderate and severe tricuspid regurgitation does worsen outcomes in cardiac surgery
(77). In fact, there is no mention of tricuspid regurgitation in the recent perioperative cardiovascular evaluation guidelines (46).
From a focused TTE perspective, tricuspid regurgitation
is the basis on which estimations of right ventricular systolic pressure occur (6). When present, a search for left
heart disease, an evaluation of right ventricular function
and an estimate of pulmonary pressures should occur.
Severity of tricuspid regurgitation does not closely relate
to the pulmonary artery pressure (76).
Even with mild to moderate pulmonary hypertension,
the risk of perioperative death is 7% and major complications is 30% in major non-cardiac surgery (78). Patients
are more haemodynamically unstable, have longer ICU
and hospital stays with more frequent readmissions
(79). Major emergency surgery and right ventricular
dysfunction are particular problems (46, 80). Despite
not appearing in risk prediction models, pulmonary
Anesth Pain Med. 2015;5(6):e32105
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hypertension of any cause is increasingly recognized
as a major predictor of risk in non-cardiac surgery (81).
Patients and surgeons should be counseled regarding
the risks of non-essential major surgery, with consideration to not proceeding when pulmonary hypertension
is severe (81).
Perioperative factors such as increased pulmonary
vascular resistance with positive pressure ventilation,
hypoxaemia, hypercapnoea and uncontrolled pain, all
increase pulmonary artery pressures which can initiate right ventricular failure. Systemic hypotension in
patients with increasing right heart pressures provokes
right ventricular ischaemia and worsened right ventricular function (81).
Major non-cardiac surgery should be performed in referral centres with experience in managing patients with
pulmonary hypertension (46).

3.3.7. Flow Murmur
Flow murmurs are common and represent 20% of patients referred for echocardiography for an undifferentiated systolic murmur (21). They most commonly occur
in younger patients and in mid- systole. In adults, these
usually result from mildly increased flow velocities in the
left or right ventricular outflow tract, across the aortic
valve or in the mid left ventricular cavity (21). Elevated
cardiac output with anxiety, the surgical stress response,
pregnancy and perioperative anaemia are contributory
factors. A recent focused TTE series showed no perioperative complications in patients with an isolated flow
murmur (49). Unfortunately, even in experienced cardiology hands, the sensitivity of physical examination
in detecting these innocent murmurs is only 67% (21) so
a focused TTE is indicated to exclude significant cardiac
disease and confirm the diagnosis. No additional follow
up is required.

3.4. Should We Perform Echocardiography On All
Of Our Patients?

Given the limitations of physical examination, some
would argue that focused TTE should be performed routinely. As yet, there are no large outcome studies that
support this. Whilst not specifically evaluating preoperative systolic murmurs, a recent very large retrospective cohort study with over 250,000 patients and over
40,000 having preoperative TTE, was unable to demonstrate an improved survival or reduced length of stay
in major non-cardiac surgery (82). In fact, preoperative
echocardiography was associated with small increases
in 30 day, 1 year mortality and length of stay (82). In addition, the same group in a similarly large retrospective cohort study were unable to show any benefit to
a preoperative medical consultation performed by
internal medicine based physicians before major noncardiac surgery (83). Preoperative consultation was associated with increased short and long term mortality,
Anesth Pain Med. 2015;5(6):e32105

increased length of stay, increased preoperative testing
and increased pharmacological interventions (83). Presumably internal medicine physicians would perform a
thorough clinical assessment focusing on medical rather than anaesthesia issues, yet this is not clearly helpful
in the preoperative period.
Whilst clinical examination is so fundamental in medical practice, it has rarely been subjected to rigorous scientific evaluation. Whilst all anaesthetists would wish
to know their patient had severe aortic stenosis before
major non-cardiac surgery, it may be that the interventions and change in management (such invasive arterial
blood monitoring and use of alpha agonists to maintain
blood pressure) are not as helpful as we would imagine
and could actually be harmful. Similarly, findings on focused echocardiography could result in delays to otherwise urgent or cancer surgery which could also unnecessarily harm a patient. Either way, they are certainly not
evidence based.
As yet, there is no high quality data to justify the use of
routine echocardiography in the perioperative period.

3.5. Future Research Areas

There is a paucity of literature on evaluation of cardiovascular physical examination findings. There is little
evidence base for minimum training requirements required for anaesthetists to acquire and maintain basic
focused TTE skills. There is as yet not high quality outcome data supporting the use of focused TTE in preoperative patients. Such a study would be possible in
fractured neck of femur patients for example, where the
incidence of systolic murmurs is high. Patients could be
randomized to the use of physical examination alone or
physical examination with focused echocardiography
in the event of detecting a murmur. Early and late outcomes and hospital length of stay could be evaluated.
However, the sample size of this study would need to be
large and Wijeysundera et al. have estimated that over
9,000 patients would be required based on a 7.5% control group mortality, to show a 20% relative reduction
with preoperative echocardiography (two sided alpha
0.05 and 80% power) (82).

3.6. Training and Accreditation
There is a very comprehensive document outlining
recommendations for Focused Cardiac Ultrasound from
the American society of echocardiography (16). However,
this is an expert consensus statement that offers no specific recommendations for training and accreditation.
Similarly, it also avoids specific recommendations for
maintainence of competency and quality assurance. The
document recognizes the increasing use of focused TTE
as an adjunct to physical examination. It discusses that a
training program should incorporate didactic education
and background knowledge, hands on scanning and image interpretation (16).
7
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There are no currently objective or well validated
tools to determine competency in focused or any other
echocardiography (16, 84). There is recognition that
novice echocardiographers can acquire specific skills
in echocardiography in just 20 - 30 studies (5, 8, 9, 12,
14, 16, 17, 19, 85-87). However, none of these studies specifically examine the skillset required for evaluation of
the preoperative patient with a systolic murmur. Interestingly, when images are taken as part of an extended
physical examination as we are proposing, a written
record of the findings in the examination section of
patient chart is all that is recommended, rather than
formal recording of images (16). There is also acknowledgement that focused echocardiography is increasing being performed by non-cardiology physicians (16,
84). Intensive care physicians have produced a document outlining “International consensus statement on
training standards for advanced critical care echocardiography” (88). This document has been endorsed by
intensive care societies in Europe, North America, and
Australasia. In short, this encompasses basic and advanced critical care echocardiography (13). Basic echocardiography involves screening for severe valvular
dysfunction and causes of cardiovascular collapse with
parasternal short and long axis, apical four chamber
and subxiphoid views (13).
Basic echocardiography would involve 10 hours of
course work (lectures, internet based curriculum) and
30 fully supervised TTE studies (13). A single centre study
with echo novice ICU trainees suggested that 12 hours of
lectures, interactive cases and hands on scanning with 33
TTE’s are adequate for achieving basic critical care echocardiography skills (19). These kind of numbers would
be achievable for all anaesthetists and ideally, all practicing anaesthetists would aim to get to this level as a
minimum. Additionally, this level could be supported in
the FANZCA curriculum for current and future trainees.
Some very limited perioperative data is consistent with
these numbers (36, 89).
Advanced echocardiography involves 40 hours of didactic learning (lectures, internet) with performance
of at least 100 TTE’s and a minimum of 35 TOE’s (13, 88).
There is no data to support the 100 TTE’s but there is

limited data to suggest that critical care physicians
that are novice echocardiographers need at least 31 TOE
studies before competence in haemodynamic evaluation of ICU patients is achieved (90). Some form of certification exam for competency based assessment seems
reasonable for advanced practictioners and there are
currently North American, European and Australian
versions of this (13). The increasing use of echocardiography simulators are acknowledged and whether this
would impact on the above training numbers is unclear (88).
It is unrealistic to believe that all anaesthetists will
reach an advanced level. However, in a large university department, aiming to have all trainees and all
anaesthetists at basic level, with several members
at advanced level to support those at basic level and
support training for those heading towards advanced
level seems reasonable. Our current model is we have
6 advanced practioners whom are all experienced cardiac anaesthetists, with one person per day providing support to the operating rooms in the event of a
focused TTE being required. This involves either supervising a basic practitioner (trainee or consultant)
or directly performing the study. Interesting studies
are saved on a computerised database and a written
report is generated for all patients. A weekly echocardiography review meeting with both advanced and basic practitioners selects both TTE and TOE studies with
specific learning highlights for group education and
quality assurance.
Our department’s current recommendation for senior
trainees wishing to pursue advanced level echocardiography, is to do a one year provisional fellowship in cardiac anesthesia in a major centre, where exposure to
perioperative TTE and TOE is routine and trainees will
personally perform and review several hundred echocardiograms, followed by completion of one of the certification exams. Local University of Melbourne based
courses provide a high quality platform to acquire echocardiography knowledge for basic or advanced trainees
but still require hands on clinical exposure for training
in image acquisition and interpretation of images in a
clinical context.

Table 1. Aortic Stenosis and Peak Jet Velocity
Aortic Stenosis Severity
Normal
Mild
Moderate
Severe
Very severe

8

Peak Aortic Jet Velocity, m/s
0.8 - 1.9
2 - 2.9
3 - 3.9
4 - 4.9
>5
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4. Conclusions
Systolic murmurs are common and may be a sign
of significant valvular heart disease, which increases
perioperative morbidity and mortality. Our traditional
physical examination model and auscultation with a
stethoscope, whereby indirect acoustic events are interpreted as underlying structural cardiac disease, has not
changed significantly in almost two centuries and is notoriously inaccurate. Focused bedside TTE is an extension
of our clinical assessment allowing direct visualization
of cardiac structure and function; accurate diagnosis
of the etiology of the undifferentiated murmur; assessment of the severity and haemodynamic consequences
of valvular heart disease on left and right ventricular
function and pulmonary artery pressures. Unnecessary
delays waiting for formal TTE are avoided. This allows appropriate informed consent for patients and surgeons,
risk stratification, anaesthesia planning in the operating
room and postoperative period. Referral to physicians
and cardiologists for treatment and long term follow up
in patients with severe valvular heart disease, cardiac risk
factors or those with disease likely to progress is facilitated. This enhances our role as perioperative physicians
with the potential to influence short and long term patient outcomes. Whilst few would argue about the value
of performing cardiovascular evaluation and focused TTE
in preoperative patients with a murmur, scientifically robust outcome data are lacking.
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