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Introduction
The use of focused transthoracic echocardiography (TTE) in 

the perioperative period to guide patient management is increasing 
due to increases in the availability of portable ultrasound devices 
with improved imaging capability and an expanding number 
of anaesthetists and perioperative physicians skilled in their use 
[1]. Whilst conventional (comprehensive) TTE performed by an 
echocardiography laboratory remains a useful diagnostic tool, its 
limited availability and cost restricts its use. However the major 
disincentive for requesting a preoperative comprehensive TTE is 
the time taken for the study to be performed and reported, which 
may lead to a delay in surgery [2], which is inconvenient for the 

Abstract
Background and aims: In a prospective observational study, 
focused transthoracic echocardiography (TTE) performed in the 
preoperative clinic on 100 patients with increased cardiac risk 
resulted in a change in management of 54% and a net reduction 
in use of hospital resources.  The aims of this study are to apply a 
cost benefit analysis to demonstrate whether or not this translated 
into saving money for the hospital.

Methods: Data from a previous study examining management 
changes resulting from preoperative focused TTE were collated.  
Cost estimates were obtained for management changes, and total 
costs and savings were calculated in Australian dollars.

Results: The use of focused TTE in the perioperative period may have 
saved a total of $ 22,772.32 or $ 227 for each patient (n=100). Based 
on the performance of two focused TTE examinations each day in the 
preoperative clinic, a potential saving of greater than $ 100,000 per 
year is estimated.

Conclusion: This pilot study demonstrates proof of concept that 
focused transthoracic echocardiography performed before elective 
non-cardiac surgery may be more cost-effective than conventional 
comprehensive transthoracic echocardiography.

patient and could lead to deterioration of medical or surgical disease. 
A focused TTE, recently endorsed and reviewed by the American 
Society of Echocardiography [3], utilises the same echocardiography 
techniques as conventional TTE but is performed as a bedside test 
by the treating doctor to answer a clinical question to aid clinical 
decision-making in real time. There is no need to wait for a third party 
to perform and report the echo examination. Focused TTE is entirely 
focused on categorising the haemodynamic state and distinguishing 
between significant from and non-haemodynamically significant 
valve and chamber pathologies. It provides specific information 
relevant to perioperative care in time for surgery.

Preoperative focused TTE has been demonstrated to significantly 
change the perioperative management in patients presenting for 
surgery [4-6] and has recently been included in consensus guidelines 
for cardiovascular assessment and management of patients before 
non-cardiac surgery [7].  In 2012 Canty et al. reported a change in 
management of 54% of 100 patients referred for assessment by an 
anaesthetist in the preoperative clinic prior to surgery, who received 
a preoperative focused TTE from an independent anaesthetist 
trained in TTE [5]. The TTE findings triaged patients to those with 
significant cardiac pathology leading to a step-up in care (in 20% of 
patients), and those without, leading to a step-down in care (34%). 
Management was also altered in asymptomatic patients aged over 65 
years (step-up in 10%, step-down in 15%). An overall reduction in 
hospital resource use (cardiology referral, invasive monitoring and 
intensive care) and improved efficiency (less delays and hospital 
visits) resulted, however this has not been subjected to cost benefit 
analysis.

A cost-benefit has been reported with the use of routine intra-
operative transoesophageal echocardiography (TOE) for cardiac 
surgery [8,9], and there is also evidence to suggest a cost advantage 
for focused TTE rather than comprehensive examination in some 
patients referred to cardiologists [2,10]. However, there have been 
no reported studies investigating the potential cost savings associated 
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with performance of focused TTE in the pre-operative clinic. The 
aims of this study were to quantify the costs of performing focused 
TTE in the pre-operative clinic of a major tertiary referral centre, as 
well as to identify potential cost savings to patient care, based on data 
from the report of Canty et al. [5].

Methods
Patient-based data from previous research was used to conduct 

this project, thus ethics approval and consent was not required.  In this 
retrospective post-hoc analysis of the study reported by Canty [5], the 
costs and savings for performance of anaesthetist-performed focused 
TTE were estimated in Australian dollars ($AUD). Indications for TTE 
included signs and symptoms indicating possible cardiac disease [5].  
Figure 1 summarises the management changes in 100 patients who 
received a focused TTE in the preoperative clinic. As a reference group, 
patients were also included with no suspicion of cardiac disease other 
than age greater than 65 years.

Focused TTE was conducted on all patients in the supine 
position following the iHEART scan protocol (Haemodynamic 
Echocardiography Assessment in Real Time [11]), a focused study 
designed to diagnose haemodynamically significant ventricular 
and valve disease and abnormal haemodynamic state. The protocol 
includes 2-D and colour flow Doppler but not spectral Doppler 
and uses the parasternal, apical and subcostal windows. The 
echocardiography protocol is designed to be performed in less than 
ten minutes. Significant cardiac abnormalities were defined as those 
that could result in haemodynamic instability from anaesthesia or 
surgery. This included one or more of the following: an abnormal 
haemodynamic state (hypovolaemia, vasodilation, LV systolic and/or 
diastolic failure, RV failure as defined by Royse [12]), valve stenosis 
or regurgitation of at least moderate severity according to recognised 
guidelines [13,14], and a pericardial effusion greater than 0.5cm.

The cost of performing individual transthoracic echocardiograms 
was based on an industry quote for a new Sonosite® M-turbo 

ultrasound machine (Sonosite, Bothwell WA, USA), including a 
probe suitable for conducting transthoracic echocardiography, as 
well as consumables related to performance of TTE.  Cost assumed 
a ten-year lifespan of the ultrasound machine with no resale value 
following this.  Provision was also made for annual servicing of the 
machine at the industry accepted rate of 10% of the purchase price 
per year, as well as a replacement probe. An estimate of transthoracic 
echocardiograms performed annually was calculated based on the 
conduction of two examinations per day in the pre-operative clinic.

Costs of preoperative referral for cardiology assessment 
postoperative care in the high dependency unit (HDU) were based 
on state government costing, with annual indexation applied for cost 
increase of data from prior to 2013 [15,16]. Where HDU referral 
was made as a management change, the cost of a single night was 
attributed. The costs of performing preoperative comprehensive 
TTE by the echocardiography laboratory and intraoperative TOE 
by an anaesthetist were based on the current Australian Medicare 
Benefits Schedule. The cost of a comprehensive TTE includes the 
cost of the performance of the examination and preliminary report 
by the sonographer and review by a cardiologist. Costs of all other 
components (including medications, intravascular devices, sterile 
equipment and transducers) were sourced from hospital departments 
responsible for their purchase and supply.

Where “vasopressor infusion” was instituted as a management 
change, cost was based on the use of metaraminol, due to it being 
the most commonly used vasopressor at the institution in which the 
study was conducted, as well as its ability to be used in the absence of 
central venous access (a separate management change).

For the management change of “surgery not cancelled”, each case 
was assumed as one third of a session (allowing three procedures per 
half day session), with the cost of a single operating theatre session 
obtained from the hospital finance department.  Each case not 
cancelled was deemed a saving in theatre time.

Management changes of “changed anaesthesia” and “less invasive 

         

Figure 1: Summary of management changes following focused transthoracic echocardiography (Reproduced with permission from Wiley) from Canty DJ et al. [5].

CVP: Central venous pressure monitoring, HDU: High Dependency Unit, PHT: Pulmonary Hypertension, RHF: Right Heart Failure, TOE: Transoesophageal 
Echocardiography
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surgery” were excluded from cost calculations due to the inability to 
quantify costs or savings attributable to these management changes.

The cost associated with training staff was not included in 
this study, as at present training is funded by individuals and not 
the hospital.  Additionally, the time cost of performing focused 
transthoracic echocardiography was not included, as it is designed 
to be performed in less than ten minutes and hence have minimal 
impact on patient flow through pre-admission clinic.  In the study, 
the anaesthetist was temporarily relieved from their anaesthesia 
duties by available extra staff to allow them the flexibility to perform 
the focused TTE when required.

The savings to the hospital of reversing the decision to cancel 
surgery in 10 patients was difficult to determine due to the possibility 
of finding a replacement patient. Cancellation of surgery would 
normally result in referral for further investigations and review. A 
conservative savings of one follow-up preoperative clinic attendance 
with the anaesthetist was used per patient that had the decision to 
cancel surgery reversed due to the focused TTE.

Once individual costs had been quantified, the net total costs and 
savings according to Figure 1 were calculated.  Finally, a total cost 
saving per patient undergoing pre-operative TTE was obtained by 
dividing the total saved by the number of patients.

Results
The patient characteristics and type of scheduled surgery are listed 

in table 1. The indications for preoperative focused TTE are listed 
in table 2. Net results of management changes due to conduction 
of focused TTE are listed in table 3 and the resulting cost-benefit 
analysis is shown in table 4.

Of the 100 patients who received a focused TTE, 80 patients were 
suspected of having cardiac disease and in 67 of these patients, the 
anaesthetist stated that they would have ordered a comprehensive 
TTE had the patient not been included in the study. Thus in 67 

patients the decision to order comprehensive TTE was reversed, as a 
focused TTE was performed instead, which was reported as savings of 
the cost of performing 67 comprehensive TTE examinations.

Total ultrasound expenses are based on an industry quote 
of $37,000 for the ultrasound unit, yearly servicing of $3,700, 
replacement of a probe ($5,000) and consumables.  Calculations for 
arterial and central venous catheter insertion and monitoring include 
the cost of catheters, transducers and sterile equipment used for their 
insertion.

Table 3 indicates the estimated total costs and savings calculated 
when the data from table 2 is applied to the patient data in figure one.  
The overall cost saving for the 100 patients studied was $22,772.32, 
which equates to a cost saving of $227.72 for each of the one hundred 
patients.

In the original study by Canty et al., the treatment plan of the 
anaesthetist caring for the patient on the day of surgery was identical 
to the plan made in pre-operative clinic in 83 out of 91 patients [5]. 
In the remaining eight patients there were eight fewer arterial and 
four fewer central venous catheters inserted, and three fewer referrals 
for postoperative HDU.  Based on the costs above, this equates to a 
total saving of $3,438.75.  Of these 83 cases, there was therefore an 
additional savings of $41.43 per patient.

Discussion
This study demonstrates that, as well as influencing anaesthetic 

management of patients, focused TTE performed in the pre-
admission clinic has clear financial benefits. Although the exact 
number of eligible patients presenting to each clinic is unknown, 
the conservative estimate of two TTE examinations per day would 
lead to an annual saving of greater than $100,000, and potentially 
greater savings with performance of a higher number of focused TTE 

Table 1: Patient characteristics and surgical data of 100 patients who received a 
focused transthoracic echocardiogram in the preoperative clinic

Patient characteristics
Number of patients 100
Age, mean years (SD) 70 (12)
Female (%) 50
Type of surgery
Colorectal (%) 14
General (%) 13
Urology (%) 13
Orthopaedics (%) 13
Gynaecology (%) 12
Vascular (%) 10
Plastic and reconstructive (%) 8
Neurosurgery (%) 7
Major endoscopy 4
Maxillofacial 3
Ear, nose and throat 2
Opthalmology 1

Table 3: Net management changes due to focused transthoracic 
echocardiography performed on 100 patients in the preoperative clinic [6]

Management
Change

Decision to 
perform due to 
TTE

Descision NOT 
to perform due 
to TTE

Net result 
due to TTE

Cancel surgery 0 10 -10
Cardiology referral 4 10 -6
HDU referral 5 11 -6
Comprehensive TTE 0 67 -67
Less invasive surgery 2 0 +2
Changed anaesthesia 5 0 +5
Intraoperative TOE 1 3 -2
Central venous catheter 3 4 -1
Arterial catheter 9 0 +9
Vasopressor infusion 10 0 +10

Table 4: Cost benefit analysis of focused transthoracic echocardiography 
performed on 100 patients attending the preoperative clinic in Australian dollars

Item Net 
total

Cost per 
item

Cost Saving

Focused TTE 100 $ 16.20 $ 1,620.00
Vasopressor infusion 10 $ 19.20 $ 192.00
Arterial catheter 9 $ 49.20 $ 442.80
Central venous catheter 1 $ 68.85 $ 68.85
Cardiology referral 6 $ 282.72 $ 1,696.32
HDU referral 6 $ 992.00 $ 5,952.00
Comprehensive TTE 
(MBS 55115)

67 $ 230.65 $ 15,453.55

TOE (MBS 22051) 2 $ 178.20 $ 356.40
Surgery not cancelled 10 $ 150 $ 1,500.00
Less invasive surgery 2 Not quantified
Changed anaesthesia 5 Not quantified
Training for focused TTE Not quantified
Net cost/saving $ 2,254.80 $ 25,027.12
Total saving $ 22,772.32
Saving per patient $ 227.72

TOE: Intraoperative Transoesophageal Echocardiography, HDU: High 
Dependency Unit

RV: Right Ventricular

Table 2: Indications for preoperative focused TTE in 100 patients who received 
focused transthoracic echocardiography in the preoperative clinic.

Indication %
Not indicated – Age >65 years, no cardiac disease suspected 20
Indicated – cardiac disease suspected 80
     Signs and/or symptoms of cardiac disease 26
     Known cardiac disease but suspected deterioration 15
     Murmum on auscultation (not previously documented) 15
     Abnormal cardiac investigation (not echo) 8
     Unable to exercise and cardiac disease suspected 9
    Pulmonary hypertension and/or RV failure suspected 5
    Previous peri-operative cardiac complication(s) 2
Total 100
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examinations.  Whilst the results reflect savings at a single institution, 
they could be readily applied to many large tertiary hospitals. In 
addition to the financial benefits of implementing such a program 
to the pre-operative clinic, the low annual capital cost, minimal time 
impact and lack of patient morbidity make focused TTE a useful 
addition.  Delays to surgery may also be avoided, leading to further 
cost savings [17]. There may also be reduced burden placed upon 
cardiology outpatient services, particularly comprehensive TTE 
services.

The retrospective nature of this study that lacks a control arm 
represent important limitations of this study and any conclusions 
made need to be made with caution. However this pilot study provides 
proof of concept that focused transthoracic echocardiography 
may be more cost-effective than the current standard of care 
using comprehensive TTE, which supports further prospective 
investigation. Other limitations include inherent variability of some 
costs, particularly of non-tangible items such as the cost of an HDU 
bed or cardiology referral. There is also a recognised difference 
between the cost of items to the hospital and their actual cost [18]. 
The inability to quantify costs of “less invasive surgery” or “change 
of anaesthesia” may also lead to inaccuracies of total cost or savings. 
The proportion of patients referred to cardiology who subsequently 
underwent a comprehensive TTE was also unable to be quantified. 
Having such information may have further clarified potential cost 
savings. The number of nights spent by patients in HDU would also 
influence total cost savings, as all cases in this study were assumed as 
single night stays.

The cost of a last minute cancellation (the day before surgery) is 
difficult to estimate and depends on whether or not another patient 
can be substituted on the operating list. If this is possible then 
there is not much in terms of direct costs other than another extra 
preoperative clinic appointment or follow-up consultation ($150 per 
hour for an anaesthetist). However the indirect costs to the patient 
who has had their surgery cancelled are substantial, especially if 
annual leave has been taken from work. If the operating time cannot 
be utilised then one minute of operating time is estimated at $100 per 
minute inclusive of fixed and variable costs (this includes anaesthetic 
and surgical wages) [19]. A more conservative cost of $80 per minute 
may be used if the anaesthetic and surgical wages are not included. 
For an operative time (including operating theatre preparation, 
anaesthesia, surgery) of 90 minutes this would equate with $7,200. In 
our analysis we made the assumption that a replacement patient was 
not found resulting in ‘loss’ of one third of an operating theatre session 
time, assuming that on average three procedures are performed 
per half day operating session. Our finance department calculated 
this at $3,330. This therefore represents a conservative cost saving. 
However as there were 10 patients who had the decision to cancel 
their surgery reversed, this would represent the principal proportion 
of the overall savings ($33,300 for 10 patients) and result in an overall 
savings of $550 per patient, and $270,000 per year. It is likely that 
the savings from prevention of last minute cancellation of surgery 
varies between hospitals and funding arrangements. However if this 
savings is removed from the analysis, then the savings due to focused 
preoperative TTE is still $212.72 per patient with an estimated annual 
saving of over $100,000.

As mentioned, the cost of training anaesthetists to perform focused 
TTE is at present borne by individuals rather than institutions, and it 
is acknowledged that a lack of suitably qualified practitioners in the 
pre-admission clinic may limit implementation of a TTE program. 
Funding of training in focused TTE by institutions may increase 
the availability of qualified practitioners, but would have significant 
impact on overall cost required to implement such a program.

Possible future areas of research following this study may include 
the use of patient outcomes data to further quantify potential costs 
and savings to hospitals. Including costs associated with patient 
outcomes such as prolonged recovery stay, prolonged inpatient stay 
and perioperative cardiac events may lead to an even greater saving, 
given the substantial costs associated with major intra-operative and 

post-operative morbidity which may potentially be averted. This may 
be analysed with clinically validated decision-tree software such as 
TreeAge® (TreeAge Software Inc.,Williamstown, MA, USA).  An 
example is published by Auguste et al. [20].

Although the results of this study do not show direct benefit 
to patient outcome, the significant cost saving is suggestive of less 
patient morbidity. In a retrospective study, Canty et al. demonstrated 
an associated reduction in mortality after hip fracture surgery in 
patients who received a preoperative TTE, which remains to be 
proven in a prospective study [21]. Hence further areas of study may 
also extend to cost benefit analysis for patients undergoing focused 
TTE outside the pre-admission clinic, such as those presenting for 
non-elective surgery.

Conclusion
This pilot study demonstrates proof of concept that focused 

transthoracic echocardiography  performed before elective non-
cardiac surgery may be more cost-effective than conventional 
comprehensive transthoracic echocardiography.
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