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Summary 

Focused echocardiography is becoming a widely used tool to aid clinical assessment by 

anaesthetists and critical care physicians. At the present time most physicians are not yet trained 

in focused echocardiography or believe that it may result in adverse outcomes by delaying, or 

otherwise interfering with, time-critical patient management. We performed a systematic review 

of electronic databases on the topic of focused echocardiography in anaesthesia and critical care. 
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We found 18 full text articles, which consistently reported that focused echocardiography may be 

used to identify or exclude previously unrecognised or suspected cardiac abnormalities, resulting 

in frequent important changes to patient management. However, most of the articles were 

observational studies with inherent design flaws. Thirteen prospective studies, including two that 

measured patient outcome, were supportive of focused echocardiography whilst five 

retrospective cohort studies, including three outcome studies, did not support focused 

echocardiography. There is an urgent requirement for randomised controlled trials.  

 

Introduction 

Over the last decade there has been a rapid uptake in the clinical use of focused  

echocardiography by emergency and critical care physicians and anaesthetists in order to guide 

decision making in real time, or at the ‘point-of-care’ [1-6]. The important elements are that they 

are (1) performed by the treating physician at the time, (2) performed in real time during clinical 

assessment at the bed side and (3) may be limited in scope, being confined to an assessment 

relevant to the clinical situation rather than a full or comprehensive examination as would be 

expected from a diagnostic laboratory. This has happened because of improved quality and 

availability of equipment, reduced cost of equipment, widespread training in clinical ultrasound 

being available and also, importantly, the realisation that only a limited number of views are 

required to diagnose haemodynamic status and important cardiac pathology [7]. This enables the 

physician to confidently diagnose the likely cause of haemodynamic instability, such as 

hypovolaemia, left or right heart failure, vasodilatation, pericardial effusion and significant valve 

disease, and usually only takes a few minutes to perform at the bedside, or even during a cardiac 

arrest [8]. The diagnostic information aids the treating physician to make better-informed 

decisions. The time taken to perform focused echocardiography is generally less than for 

alternative diagnostic modalities such as X-ray, CT scanning or ultrasound examinations in a 

cardiology or radiology setting, and does not require transporting the patient or exposing them to 

harmful radiation.  

Most physicians are not yet trained to use focused echocardiography, or else believe it may lead 

to adverse outcomes by delaying or otherwise interfering with time-critical management. 

Furthermore, the cost of implementing focused echocardiography into clinical practice is 
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significant (training, quality assurance, equipment) and therefore the clinical benefits should be 

cost effective.  

The primary aim of this systematic review was to determine the effect of focused 

echocardiography on diagnosis and management of clinically important cardiac disease compared 

with conventional clinical assessment, in patients requiring non-cardiac surgery or admission to 

the critical care unit. A secondary aim was to examine the influence of focused echocardiography 

on patient outcome, including cardiovascular complications and death.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Methods 

We performed a literature search based on the Preferred Reporting Items for Systematic reviews 

and Meta-Analyses (PRISMA) guidelines [9]. In December 2015, after confirming that a similar 

systematic review had not already been published, the principal researcher (JH) performed a 

detailed search of PubMed, Medline, and EMBASE electronic databases using the following search 

terms: ("Echocardiography" OR "Ultrasonography" OR "Heart Diseases/ultrasonography") AND 
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("Perioperative Care" OR "Intensive Care") AND "Humans". The search was restricted to peer-

reviewed, original research, including prospective, retrospective cohort, case-control, and cross-

sectional studies; but excluded case reports, non-english language publications, studies published 

before 1 January 1995 or publications without the full text being available. Participants were 

humans aged at least 18 years. The intervention was focused echocardiography performed either 

before, during or after non-cardiac surgery or in a critical care setting. The outcomes included 

changes in clinical diagnosis, management, cardiac complications and death. For each individual 

publication an outcome-level assessment of bias was performed that included the following 

parameters: patient selection, sonographer expertise, indication for surgery and indication for 

focused echocardiography. This bias assessment was considered in the synthesis of results but no 

scoring system was used and definitions of all criteria and endpoints were agreed by the 

researchers before performing the search (Appendix 1). 

 

 

 

 

 

Results 

A flow chart of the systematic review process is shown in Figure 1. Our search identified 180 

publications with a further 15 publications being found in the bibliographies, resulting in a total of 

190 after duplicates had been removed. After reviewing the titles and abstracts of these 

publications for eligibility, 169 were excluded, leaving 21 publications that were checked for 

accuracy by two additional independent reviewers (DE and DC). One full-text publication was 

excluded as it was performed in a cardiac surgery setting, another was not in the peri-operative or 

critical care setting and another was a case series. A total of 18 full-text publications were 

therefore analysed. Data were extracted and stored in Microsoft Excel for Mac 2015 (Version 

14.5.8, Microsoft Corporation, Redmond, WA, USA). An overview of the included full-text 

publications with primary and secondary outcome measures are shown in Table 1. Two thirds (12) 

of the publications were in anaesthesia and one third (6) were in critical care. There were no 

prospective randomised controlled trials. There were 13 prospective, interventional cohort studies 
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of which 2 included a control group and there were 5 retrospective cohort studies of which 3 

included a control group. There was considerable variability in the aims, patient populations and 

end-points used. Six studies reported interpretability of imaging (which was between 86% and 

100%) [12,15,18,22,24,26], whereas this was unreported in 12 studies. 

The impact of focused echocardiography on clinical diagnosis is listed in Table 2. In anaesthesia, 

the change in diagnosis due to detection of clinically significant cardiac pathology was reported in 

4 studies and varied from 17% to 78% of cases [10,11,13,14]. The diagnostic impact appeared 

greater in the three studies where focused echocardiography was performed in patients with a 

recognised indication for focused echocardiography (a change in diagnosis was made in between 

51% and 67% of cases) compared with one study where focused echocardiography was used as a 

routine screening tool in which a diagnosis was changed in 17% of patients. In each of the four 

studies in the anaesthesia setting focused echocardiography was performed before emergency 

surgery [10,11,13,14]. In the critical care setting, there were three studies that reported the total 

change in diagnosis due to clinically significant cardiac pathology, where the change in diagnosis 

following focused echocardiography ranged from 33% to 37% [24,25,27] of cases. In both settings, 

the most common new diagnosis was left ventricular dysfunction (in between 0% and 23% of 

patients). There was also a significant number of patients with a new diagnosis of valve disease 

(1% to 48%), hypovolaemia (0% to 34%) or pulmonary hypertension (1% to 14%) in the 

anaesthesia setting and right ventricular dysfunction (14%) or hypervolaemia (9%) in the critical 

care setting. Six studies in anaesthesia and three studies in critical care did not report on changes 

in diagnosis. 

Changes in patient management are summarised in Table 3. In the anaesthetic setting, changes in 

management was reported in 4 studies and ranged from 12% to 82% [10,12,14,15]. The impact on 

management appeared greater in the studies where focused echocardiography was a recognised 

indication (between 54% and 82%) compared with one study where focused echocardiography 

was used as a screening tool (12%). In the four anaesthesia studies focused echocardiography was 

performed before surgery, one in the pre-operative clinic [12], and three before emergency 

surgery [10,14,15]. In the critical care setting two studies reported changes in patient 

management that ranged from 41% to 51% [22,27]. The most common changes were medical (in 

4% to 52% of cases) and included altered anaesthetic technique (in between 2% and 12% of cases 
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in the anaesthesia setting) and in choice of inotropes or vasopressors (in 8% to 25% of cases) and 

fluids (in 12% to 65% of cases) in the critical care setting. In anaesthesia, there was also a 

significant number of changes to surgical management (in between 7% and 46% of cases). In 

anaesthesia and critical care, 6 studies and 1 study respectively, did not report changes in patient 

management. In anaesthesia, 4 studies reported on patient outcome compared with a control 

group [13,17,19,21]. One of these was a prospective cohort study that supported the use of 

focused echocardiography. Canty et al. [13] demonstrated a 30 day mortality of 5% in an 

echocardiography group compared with 15% in a group receiving standard treatment with 1 year 

mortality reduced to 17% in the intervention group compared with 33% in the control group. 

Three studies were retrospective cohort trials that did not support the use of focused 

echocardiography. Jettoo et al. [17] demonstrated 10% and 5% in-hospital mortality in an 

echocardiography group and standardised treatment group, respectively. O’hEireamhoin et al. 

[19] found 24% and 3% six month mortality in an echocardiography and control group, 

respectively. Wijeysundera et al. [21] found increases in 30-day and 1-year mortality in their 

echocardiography group with relative risks of 14% and 7% respectively. In the critical care setting, 

one prospective outcome study by Kanji et al. [23] found a 28 day mortality of 34% in their 

echocardiography group compared with 46% in their standardised treatment group. In terms of 

adverse events rather than mortality, Kanji et al. [23] found a reduced incidence of renal failure 

(68%) in their intervention group compared with 95% in a standardised treatment group. Five 

studies reported on adverse events and mortality without a comparator. In the anaesthetic and 

critical care setting complication rates of between 8% and 18% were reported [16,20], including 

myocardial infarction (3% to 11%) [16,19,20] and heart failure (7% to 33%) [13,16,18,22]. Two 

studies reported relative risk assessments on echocardiographic findings. Cowie et al. [16] 

demonstrated that the incidence of adverse cardiac events was high in patients with pulmonary 

hypertension, cardiac dysfunction, and stenotic valvular disease, especially when these occurred in 

combination. Rhode et al. [20] reported that moderate to severe left ventricular hypertrophy, 

systolic dysfunction and peak aortic gradients above 40 mmHg correlated with major cardiac 

complications. 

 

 

A
u

th
o

r 
M

a
n

u
s
c
ri
p

t



This article is protected by copyright. All rights reserved 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Discussion 

The main purpose of this systematic review was to determine evidence for the influence of 

focused echocardiography on diagnosis and clinical management. The publications we included 

had a wide variety of study designs and there were no prospective randomised trials. Thirteen out 

of 18 studies were prospective and interventional in design and although only two were clinical 

outcome studies using controls for comparison, they were both supportive of focused 

echocardiography in terms of reducing mortality rates. Seven studies reported a significant 

diagnostic impact of focused echocardiography in both anaesthesia and critical care that led to 

frequent changes in patient management in six of the studies. It has been claimed that focused 

echocardiography is, potentially, a life-saving diagnostic tool in anaesthesia and critical care. This 

review therefore highlights the need for sufficiently powered and well designed randomised 
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controlled trials to determine whether focused echocardiography can improve clinical outcome, 

and whether this potential benefit justifies the not insignificant cost of equipment purchase and 

personnel training. 

In eight publications the most common indication for focused echocardiography was suspected 

valvular or ventricular dysfunction. By contrast, Botker et al. [10] performed focused 

echocardiography as a screening tool, which explains their lower impact on diagnoses compared 

with other studies. Two studies [13,14] reported a high incidence of newly diagnosed 

hypovolaemia, which may reflect the differences in indications for focused echocardiography. 

These studies also included older patients. In the ICU setting the most common new diagnosis was 

ventricular failure, reported in up 28% of patients, and was most likely to be due to sepsis. The 

changes in patient management varied widely but, with increasing demand for critical care beds 

[28-30], the fact that a focused echocardiography examination was often normal when the 

clinician had diagnosed abnormality, meant that a step down in the level of treatment was 

possible. 

In the critical care unit focused echocardiography is used to identify causes of haemodynamic 

instability, respiratory distress, volume status, response to therapy [25,31] and causes of shock 

[22,32]. In our review one of the most frequently reported management changes was that related 

to intravenous fluids, which is not surprising because there are well-validated echocardiography 

applications to predict fluid responsiveness [33-35] that can be utilised when the patient is 

breathing spontaneously, rather than during mechanical ventilation of the lungs [36].  

Adverse cardiac events are a leading cause of morbidity and mortality after major surgery [37-39]. 

In anaesthesia, the only prospective study found lower 30-day and 1-year mortality rates in elderly 

hip fracture patients who had focused echocardiography. By contrast, three retrospective studies 

found similar or higher rates of mortality after pre-operative echocardiography [17,19,21]. 

However, these studies have design flaws as they were audits of every patient having pre-

operative echocardiography. When comparing such cohorts with patients who did not undergo 

echocardiography prior to surgery selection bias occurs. In the critical care setting only two studies 

addressed this issue. Kanji et al. [23] demonstrated that echocardiography-based 

recommendations for intravenous fluids and inotropes improved 28-day survival in comparison 
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with standard treatment in randomly selected patients. They also reported a reduction in the 

incidence of acute kidney injury in their echocardiography group compared with controls. 

The studies included in this review had various study designs, and there are issues to consider. 

Firstly, the mean (SD) ages of included cohorts varied significantly, from 62 (21) years to 85 (8) 

years [10,17] and different age limits were applied in order to be included in a study. This is 

important because the prevalence of unexpected cardiac pathology is substantially greater in 

patients older than 65 yrs, and will inevitably result in more changes to patient management and a 

greater impact on outcome. Secondly, the indications for focused echocardiography differed 

between studies. In studies when consecutive screening was performed, one must expect less 

pathology and therefore less impact of focused echocardiography compared with studies when 

echocardiography was performed because of suspected valvular or ventricular dysfunction. 

Thirdly, in all the publications, except for two [10,24], focused echocardiography was performed 

by sonographers, who were categorized as experts, with the imaging reported as interpretable in 

between 86% and 100% of examinations [10,26]. 

In conclusion, focused echocardiography is an emerging element of clinical assessment in non-

cardiac surgery and critical care. The published literature to support it is rapidly evolving, but at 

the moment the evidence base for its use remains mostly confined to uncontrolled or 

retrospective observational studies and no randomised trials have yet to be conducted. From the 

studies published so far impact on diagnosis and clinical decision-making is well described but 

there are few studies examining patient outcome. Two studies [13,23] report lower complication 

rates and mortality after echocardiography-based guidance compared with standard patient 

management. Randomised trials, despite their cost and time constraints are essential in order to 

determine whether the improved diagnostic capability of focused echocardiography can translate 

into improved patient outcome. 
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Figure legend 

Figure 1 

 

Flow diagram showing the systematic review process. 
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Table 1. Overview of publications reporting the impact of focused echocardiography on diagnosis, management, and outcome compared with 

conventional clinical management in non-cardiac surgery and critical care. 

 Authors Year  

 

Study design Aim Indication 

for focused echocardiography*† 

Main findings 

Anaesthesia      

1 Botker et al. [10] 2014 Prospective cohort  Determine the frequency of new findings with routine 

preoperative echo‡  

Screening 17% diagnosis change,  

12% management change 

2 Canty et al. [11] 2009 Prospective cohort  Determine the frequency of changes in management due 

to echo before, during and after surgery‡ 

Suspected valve or cardiac dysfunction, 

or altered volume state 

51% diagnosis change 

3 Canty et al. [12] 2012 Prospective cohort  Determine the incidence of changes in management due 

to echo performed before surgery in the pre-operative 

clinic‡ 

Suspected valve or cardiac dysfunction 

(80%), or screening (20%) 

54% management change 

4 Canty et al. [13] 2012 Retrospective cohort  Determine if preoperative echo is associated with 

reduced mortality after hip fracture surgery‡ 

Suspected valve or cardiac dysfunction 78% diagnosis change, 

69% lower 30-day and 49% 

lower 1-year mortality 

5 Canty et al. [14] 2012 Prospective cohort  Determine the frequency of changed diagnosis and 

management from echo performed before emergency 

surgery‡ 

Suspected valve or cardiac dysfunction, 

altered volume state (75%), or screening 

(25%) 

67% diagnosis change, 44% 

management change 
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6 Cowie et al. [15] 2011 Prospective cohort  Determine the frequency of changed management from 

echo before surgery‡  

Haemodynamic instability (22%), 

suspected valve (58%) or cardiac 

dysfunction (14%), or pericardial 

effusion (2%) 

82% management change 

7 Cowie et al. [16] 2012 Retrospective cohort  Determine the risk and predictive value of cardiac 

pathology detected on preoperative echo with adverse 

cardiac outcomes‡ 

Haemodynamic instability, suspected 

valve or cardiac dysfunction 

Pulmonary hypertension, 

cardiac dysfunction, and 

valvular disease increase 

risk of adverse events 

8 Jettoo et al. [17] 2011 Retrospective cohort  Determine the frequency of changed management from 

echo performed before hip fracture surgery‡ 

Haemodynamic instability (13%), 

suspected valve (81%) or cardiac 

dysfunction (6%) 

100% higher in-hospital 

mortality 

9 Loxdale et al. 

[18] 

2012 Prospective cohort  Determine the prevalence and severity of aortic stenosis 

and left ventricular dysfunction with echo before hip 

fracture surgery‡ 

Suspected or known valve dysfunction 

(100%) 

39% prevalence of aortic 

stenosis, 7% prevalence of 

heart failure 

10 O'hEireamhoin 

et al. [19] 

2011 Retrospective cohort  Determine the frequency of operative delay and 

postoperative complications in patients who received 

echo within 6 months before surgery‡  

Unspecified 700% higher 6-month 

mortality, 1.8 days 

operative delay 

11 Rohde et al. [20] 2001 Prospective cohort  Determine the risk and predictive value of cardiac 

pathology detected on preoperative echo with adverse 

cardiac outcomes‡  

Unspecified Cardiac dysfunction, LV 

hypertrophy, and stenotic 

valvular§ disease increase 

the risk of adverse events 
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12 Wijeysundera et 

al. [21] 

2011 Retrospective cohort  Determine if preoperative echo is associated with 

reduced mortality and shorter hospital stay after elective 

surgery‡  

Unspecified 14% higher 30-day and 7% 

higher 1-year mortality 

0.3 days longer hospital 

stay  

 

Critical care    

13 Joseph et al. [22] 2004 Prospective cohort  Determine whether echo can identify the cause of shock 

in critically ill patients with suspected cardiac shock‡ 

Haemodynamic instability 51% management change 

14 Kanji et al. [23] 2014 Prospective cohort  Determine whether echo-based protocol for 

management is associated with changed fluid and 

inotrope therapy and improved survival compared with 

controls in patients with undifferentiated vasopressor-

dependent shock‡ 

Screening 26% lower 30-day mortality  

15 Manasia et al. 

[24] 

2005 Prospective cohort  Determine the feasibility and frequency of changed 

management from hand-held echo‡ 

Haemodynamic instability (21%), or 

screening (79%) 

37% diagnosis change 

16 Marcelino et al. 

[25] 

2009 Prospective cohort  Determine the prevalence of cardiac pathology detected 

with echo and their risk and predictive value for mortality 

and length of stay‡ 

Screening 33% diagnosis change 

17 Orme et al. [26] 2009 Prospective cohort  Determine the frequency of changed management from 

echo‡ 

Haemodynamic instability (18%), 

suspected valve (3%) or cardiac 

dysfunction (57%), altered volume state 

(10%), pericardial effusion (8%), or not 

specified (4%) 

38% management change 
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18 Stanko et al. 

[27] 

2005 Prospective cohort  Determine the frequency of changed diagnosis and 

management from echo‡ 

Haemodynamic instability (59%) 

suspected valve (2%) or cardiac 

dysfunction (25%), altered volume state 

(9%), or pericardial effusion (5%) 

29% diagnosis change, 41% 

management change 

 

§LV; left ventricle 

 

 

Table 2. Changes in diagnosis due to significant cardiac pathology after focused echocardiogaphy compared with conventional clinical assessment*†. 

Values are proportion.  

 

Authors 

Diagnoses, 

total 

LV 

dysfunction‡ 

RV 

dysfunction§ 

Valve 

disease 

Hypo-volemia Hyper-volemia Pulm. hyper-

tension 

Pleural 

effusion 

Pericardial 

effusion 

Anaesthesia          

1 Botker et al. [10] 17% 0% 0% 1% 0% 0% - 14% 2% 

2 Canty et al. [11] 51% 14% 6% 22% 6% - 1% 2% 4% 

3 Canty et al. [12] - 14% 1% 21% 1% - 1% - - 

4 Canty et al. [13] 78% 20% - 14% 34% - 11% - - 

5 Canty et al.[14] 67% 23% 2% 19% 27% - 14% - - 

8 Jettoo et al. [17] - - - 48% - - - - - 
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15 Manasia et al. [24] 37% 28% - - - - - - - 

16 
Marcelino et al. 

[25] 
33% 22% 14% 2% - 9% - - 3% 

18 Stanko et al. [27] 29% - - - - - - - - 

 

*Focused TTE; focused transthoracic echocardiography, †TTE; transthoracic echocardiography, ‡LV; left ventricular, §RV; right ventricular 

Table 3. Changes in patient management following focused echocardiography compared with conventional clinical assessment*†. Values are 

proportion.  

 

Authors 

Management 

total 

Medical 

management 

Surgical 

management 

Anaesthetic 

technique 

Anaesthetic 

drug therapy 

Inotropes/ 

vasopressor 

 

Fluids 

 

Surgery 

Postop. 

disposition 

Anaesthesia          

1 Botker et al. [10] 12% 4% 7% 3% 2% 0% 1% 3% 6% 

2 Canty et al. [11] - 40% - - - - - 16% - 

3 Canty et al. [12] 54% 36% 46% 13% - 11% - 12% 34% 

4 Canty et al. [13] - 52% - 52% - - - - - 

5 Canty et al. [14] 44% 30% 14% - - - - - - 

6 Cowie et al. [15] 82% 51% 31% 37% 12% 9% 17% 4% 27% 

7 Cowie et al. [16] - - - - - - - 3% - 
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13 Joseph et al. [22] 51% 35% 16% - - - - 12% - 

14 Kanji et al. [23] - - - - - 25% 65% - - 

15 Manasia et al. [24] - 37% - - - 21% 24% - - 

17 Orme et al. [26] - 38% - - 19% 8% 12% 7% 5% 

18 Stanko et al. [27] 41% 39% 7% - - - - - 4% 

 

*Focused TTE; focused transthoracic echocardiography, †TTE; transthoracic echocardiography 
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Appendix 1. Definitions used during the search process. 

Term            Definition 

Changes in clinical diagnosis 
 

Diagnoses, total Diagnoses accumulated 

LV dysfunction* Change in grade of LV dysfunction (normal, subnormal, moderate, or severe)* 

RV dysfunction† Increased RV-size or decreased RV systolic function† 

Valve disease New moderate or severe valve dysfunction 

Hypovolemia Defined by each paper 

Hypervolemia Defined by each paper 

Pulmonary hypertension New pulmonary arterial pressure above 25 mmHg 

Pleural effusion New demonstration of more than 2.5 cm equalling 500 ml 

Pericardial effusion New demonstration of more than 0.5 cm 

Changes in clinical management 

Management, total Medical + surgical management 

Medical management 
Anaesthetic technique + Anaesthetic drug therapy + Inotropes/vasopressors + 

Fluids (defined below) 

Surgical management Surgery + Postoperative disposition (defined below) 

Anaesthetic technique 
Change from general to regional anaesthesia or vice versa, or change in decision 

about invasive monitoring e.g. arterial or central venous catheter 

Anaesthetic drug therapy Change in anaesthetic drug type or dosage  

Inotropes/vasopressors Change in inotrope/vasopressor drug type or dosage 
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Fluids Change in fluid type or amount 

Surgery Delayed, cancelled, or more/less invasive surgery performed 

Postoperative disposition 

Change in disposition between ICU, high dependency ward, and standard ward, or 

change in decision to refer e.g. TOE or cardiologist-performed echocardiography‡ 

 

*LV; left ventricular, †RV; right ventricular, ‡TOE; transoesophageal echocardiography 
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Records after duplicates removed 

n = 190

Additional records identified 

n = 15

Records identified through 

database screening: PubMed, 

MEDLINE, and EMBASE 

n = 180

Records screened (titles/

abstracts) screened by 

independent reviewer 

(JH) 

n = 43

Full text articles assessed 

for eligibility by 

independent reviewers 

(JH, DE) 

n = 21

Studies included in the 

qualitative synthesis 

n = 18

Records excluded (n = 22)

Id
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In
cl
u
d
ed

Records excluded (n = 3) 

• Unrelated to surgery or 

critical care (n = 1) 

• Cardiac surgery (n = 1) 

• Case report (n = 1)
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