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Summary
Patients with suspected or symptomatic cardiac disease, associated with increased peri-operative risk, are often seen by

anaesthetists in the pre-assessment clinic. The use of transthoracic echocardiography in this setting has not been

reported. This prospective observational study investigated the effect of echocardiography on the anaesthetic

management plan in 100 patients who were older than 65 years or had suspected cardiac disease. Echocardiography was

performed by an anaesthetist, and was validated by a cardiologist. Overall, the anaesthetic plan was changed in 54

patients. Haemodynamically significant cardiac disease was revealed in 31 patients, resulting in a step-up of treatment in

20 patients, including: cardiology referral (four patients); altered surgical (two) and anaesthetic (four) technique; use of

invasive monitoring (13); planned use of vasopressor infusion (10); and postoperative high dependency care (five).

Reassuring negative findings in 69 patients led to a step-down in treatment in 34 patients: altered anaesthetic technique

(six); procedure not cancelled (10); cardiology referral not made (10); use of invasive monitoring not required (seven);

and high dependency care not booked (11). We conclude that focused transthoracic echocardiography in the pre-

operative clinic is feasible and frequently alters management in patients with suspected cardiac disease.
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Peri-operative cardiac complications are one of the most

important causes of mortality associated with non-

cardiac surgery. These may result from inadequate

assessment and preparation of patients pre-operatively.

Symptomatic heart disease is an important risk factor

for peri-operative cardiac mortality [1]. Day-of-admis-

sion surgery and elderly patients with co-existing cardiac

disease are placing increasing demands on anaesthetists

to assess and manage patients rapidly pre-operatively, to

improve hospital efficiency without exposing patients to

further risk. This has led to the development of pre-

operative assessment clinics, staffed by anaesthetists, in

an attempt to improve safety and prevent last minute

cancellation of surgery. Clinical assessment of cardiac

disease may, however, be unreliable, particularly if

there is exercise limitation from non-cardiac disease

(such as joint pathology or morbid obesity), an unre-

liable history from the patient, or incomplete medical
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records. Detection of a murmur is common, but clinical

evaluation of severe aortic stenosis is unreliable [2, 3]. As

a result, anaesthetists are often faced with the dilemma

of deferring surgery to obtain pre-operative tests and

cardiology assessment in patients with suspected cardiac

disease, or allowing surgery to proceed without adequate

investigation.

Transthoracic echocardiography (TTE) is a com-

monly performed non-invasive investigation that may

be used to investigate cardiac pathology [4], for example

to evaluate a systolic murmur or help distinguish

whether breathlessness is from cardiac or respiratory

pathology. Established cardiac risk factors for postoper-

ative mortality diagnosed by TTE include severe aortic

stenosis [5, 6], pulmonary hypertension [7], left ven-

tricular hypertrophy, left ventricular dysfunction and

mitral regurgitation [6]. Access to TTE, however, is

variable, and in many centres there may be prolonged

waiting time due to high demand and reduced avail-

ability [8], and this may potentially interfere with

surgical work flow [9].

Anaesthetist-performed transoesophageal echocardi-

ography has been demonstrated to be influential in

decision-making during cardiac [10] and non-cardiac [11,

12] surgery, and its use is now widespread. Transthoracic

echocardiography equipment and training are increas-

ingly available to anaesthetists [13] and competence may

be obtained with relatively brief training [14–16]. Focused

TTE by the primary treating physician is influential in

clinical management in the medical [16] and cardiology

[17, 18] outpatient settings and in acute care (critical care

[19–21] and emergency medicine [23]), but limited data

exist in the anaesthesia clinic setting [24, 25]. Focused

TTE does not replace the role of the cardiology echocar-

diography service, but provides more accurate assessment

than physical examination alone [26], and can be

considered as ‘ultrasound-assisted examination’. The

aims of this study were to determine the feasibility and

impact on clinical decision-making of anaesthetist-per-

formed focused TTE in the pre-admission clinic setting.

Methods
This study was conducted with approval from the

Tasmanian Health and Medical Human Research Ethics

Committee, and written consent was obtained from all

suitable participants who attended the pre-admission

clinic at the Royal Hobart Hospital. Patients were

screened by nursing staff and the assessing anaesthetist

to determine eligibility between March and October 2009.

Patients were included if they had signs or symptoms of

cardiac disease, or were felt to be at significant risk of

cardiac disease. Specific inclusion criteria included age

‡ 65 years, abnormal cardiac investigations (electrocar-

diogram, coronary angiogram or myocardial perfusion

scan), exercise limitation due to non-cardiorespiratory

pathology (eg. morbid obesity), conditions that could be

associated with pulmonary hypertension or right heart

failure (such as severe chronic obstructive airways disease

or severe obstructive sleep apnoea) and previous peri-

operative cardiac complications (such as acute myocardial

infarction or symptomatic dysrrhythmia). Patients were

not studied if planned surgery was brief (£ 30 min) or

minor (able to be performed under local anaesthesia

infiltration or light sedation).

All patients were first assessed in the clinic in the

standard manner, and an anaesthetic management plan

was drawn up on a study form. Following their initial

assessment, TTE was performed by an anaesthetist

proficient in TTE (DC) who was not involved in the

patient’s care. The TTE was conducted according to the

HEART protocol (Haemodynamic Echocardiography

Assessment in Real Time) [13, 27], which was designed

to take < 10 min to perform. The haemodynamic state

was classified into one of seven (normal, empty, vasodi-

lated, left ventricular systolic failure, left ventricular

diastolic failure, left ventricular systolic and diastolic

failure, and right ventricular failure), as described previ-

ously in detail [27]. Transthoracic echocardiography was

performed using a Vivid I echocardiography machine

(General Electric Healthcare, Milwaukee, WI, USA) with

a 3S-RS (1.5–3.6 MHz) transthoracic probe. Findings

were classified as haemodynamically significant if the

haemodynamic state was abnormal, if the valve lesion

could cause haemodynamic compromise (equivalent to

moderate to severe valve stenosis or regurgitation accord-

ing to recognised established guidelines [28, 29]) or

estimated right ventricular systolic pressure was > 60

mmHg. Non-haemodynamically significant findings in-

cluded mild valvular stenosis or regurgitation.

The TTE report was discussed with the anaesthetist

who had assessed the patient, and he ⁄ she asked if

he ⁄ she wished to revise his ⁄ her management plan based
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on the echocardiographic findings. Subsequently, the

anaesthetist actually looking after the patient at the time

of surgery was also asked to document his ⁄ her man-

agement plan, and record any episodes of haemody-

namic instability (systolic blood pressure < 90 mmHg,

heart rate > 110 beats.min)1 or ST depression of

> 1 mm in at least two leads for > 5 min).

The primary endpoint was any change in the

original management plan after TTE had been per-

formed. This included both step-up or step-down in

treatment. Secondary endpoints included: quality con-

trol of the TTE images (assessed by a cardiologist); the

incidence of cardiac pathology identified by TTE; and

the influence of the TTE on patient flow (such as

postponement of surgery).

This study represents the initial or pilot phase of a

longer-term project to identify the benefit of anaesthe-

tist-performed TTE. A sample size of 100 patients was

selected to detect a wide range of cardiac pathology.

Results
During the study period, we recruited 100 patients, and

acceptable echocardiographic imaging was obtained in

all patients. Nine patients had not undergone surgery by

the end of the study period, therefore operative data

were collected on 91 patients. The mean (SD) age was 70

(12) years and exactly half were men. Surgical specialties

included colorectal (14), general (13), urological (13),

orthopaedic (13), gynaecological (12), vascular (10),

plastic (eight), neurosurgical (seven), major endoscopic

(four), maxillofacial (three), ear nose and throat (two)

and ophthalmological (one). A summary of TTE

indications, findings and resulting management changes

are shown in Figure 1 and Table 1. Eighty patients were

suspected of having cardiac disease, and 20 were

asymptomatic and aged ‡ 65 years. The most common

indication was the presence of cardiac symptoms (26

patients). In 67 out of the 80 patients (84%) with

suspected cardiac disease, the assessing anaesthetists

stated that they would have insisted on a pre-operative

TTE had the patient not been included in the study,

based on the medical history and examination findings.

The remaining 33 patients would not normally have

been referred for pre-operative TTE but did so (13 with

suspected cardiac disease and 20 who were asymptom-

atic and age ‡ 65 years).

The focused TTE examinations resulted in a

changed patient management in 54 out of 100 patients.

The change in management was more frequent (61%) in

the group with suspected cardiac disease; yet even

in asymptomatic patients, management was changed in

25%. The haemodynamically significant TTE findings

resulted in step-up in treatment in 20 out of 31 patients

(65%) and the non-haemodynamically significant TTE

resulted in a step-down of treatment in 34 out of 69

patients (49%). The actual anaesthetic management

changes are presented in Tables 2 and 3.

The cardiologist who reviewed the TTE studies and

reports agreed that the image quality and interpretation

were accurate in all study patients. In eight patients

there was a discrepancy in the estimation of the

severity of valvular or ventricular dysfunction, but this

did not affect the TTE category (significant or non-

significant), or patient management. Importantly, there

were no moderate or severe valve lesions missed. There

was one atrial septal aneurysm not reported by the

anaesthetist.

The treatment plan of the anaesthetist who actually

looked after the patient on the day of surgery was

identical to the plan from the pre-assessment clinic in 83

patients out of the 91 who had been operated on by the

end of the study (91%). Intra-operatively, compared

with the clinic anaesthetist’s plan, there were eight fewer

arterial catheters, four fewer central venous catheters

and three fewer transfers for high-dependency care

postoperatively. Persistent peri-operative haemodynam-

ic instability (more than expected by the treating

anaesthetist) occurred in eight patients intra-operatively

and in two patients in the postanaesthesia recovery unit

(one patient was unstable during and after surgery). Of

these nine patients, two had a positive TTE finding

(aortic stenosis) and the rest were negative.

Discussion
We have shown that focused TTE, performed in the pre-

admission clinic by an anaesthetist, resulted in a change

of management in a high proportion of patients,

including in asymptomatic patients. The echocardio-

graphic findings allowed the anaesthetist to triage

patients into low- and high-risk categories, thereby

helping them to devise what they felt to be an

appropriate management plan before surgery. When a
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clinically important haemodynamic or valvular abnor-

mality (or worsening of known abnormality) was

detected on TTE (e.g. the 11 patients with aortic

stenosis), the effect was to alert the anaesthetist to

increased cardiac risk. On the other hand, a clinically

unimportant finding or normal TTE had the effect of

reassuring the anaesthetist, leading to a reduced require-

ment for further investigation, invasive peri-operative

monitoring and increased dependency postoperative

care. Furthermore, the overall impact of the TTE

findings was to improve hospital efficiency by reducing

delays to surgery and referrals for further medical

TTE result ImpactRecruitment

100 subjects
recruited

No cardiac disease
suspected

Indications

20

Abnormal haemodynamic state
moderate/severe valve lesion
or moderate/severe PHT

1  Arterial catheter
1 Vasopressor infusion

1  Changed anaesthesia
1  No CVP
2  No HDU referral

1
13
1
3

11
6
1
8
4

Change in
management

Total management change    54/100 = 54%

10  Surgery not cancelled
10  No cardiology referral
9  No HDU referral
5  Changed anesthesia
3  No CVP
3  No TOE

3

4  Cardiology referral
2  Less invasive surgery
4  Changed anaesthesia
8  Arterial catheter
3 CVP
1  TOE
9 Vasopressor infusion
5 HDU referral

Reassured

Reassured

Alerted

Alerted

Step-down treatment
3/20 = 15%

Step-up treatment
2/20 = 10%

Step-up treatment
18/80 = 23%

Step-down treatment
31/80 = 39%

2

18

31

Cardiac disease
suspected80

Number of instances of
change in management

Number of patients who had
a change in management

Figure 1 Summary of transthoracic echocardiography findings and changes to management plan in 100 patients studied
in the pre-assessment clinic. More than one change in management occurred in 23 patients. CVP, central venous
pressure line insertion; HDU, high dependency unit referral; LV, left ventricular; PHT, pulmonary hypertension; RV,
right ventricular; RHF, right heart failure; TOE, intra-operative transoesophageal echocardiogram.

Table 1 Focused transthoracic echocardiography (TTE) indications, findings and effect on management in 100 patients.

Indication n
TTE haemodynamically

significant

TTE
non-haemodynamically

significant
Management

changes

Age ‡ 65 and asymptomatic 20 2 18 5
Cardiac disease suspected from signs

or symptoms
26 9 17 18

Cardiac disease known, suspected
deterioration

15 5 10 8

Murmur on auscultation 15 10 5 7
Abnormal cardiac investigation 8 2 6 5
Unable to exercise and cardiac

disease suspected
9 2 7 5

Suspected pulmonary hypertension
or RV failure

5 1 4 4

Previous peri-operative cardiac
complications

2 0 2 2

Total 100 31 69 54

RV, right ventricular.
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opinions. In addition, we have demonstrated that an

anaesthetist can indeed perform a focused TTE in the

pre-admission clinic setting. Satisfactory image quality

was obtained in all patients and there was good

concordance with interpretation of the findings by a

cardiologist. This degree of accuracy is similar to

previous studies comparing the reporting of anaesthe-

tists and cardiologists [30], and between cardiologists

[31, 32]. Recognition of the utility (and limitations) of

bedside focused TTE performed by non-cardiologists is

documented in a consensus statement from the Amer-

ican Society of Echocardiography and the American

College of Emergency Physicians [23]. It is increasingly

recognised that intensivists should be trained in TTE

[21], where it has been demonstrated to have a

therapeutic impact on 24–51% of critically unwell

patients [20, 22]. In this study, the focused TTE,

unlike with conventional comprehensive TTE, utilised

two-dimensional scanning and colour-flow Doppler

modalities (and not quantitative Doppler) to differen-

tiate mild or moderate from severe valvular lesions.

Such a classification is clinically useful, and may allow

for a reduction in the time and knowledge required for

a novice operator to apply echocardiography for real-

time management of patients. Although the study was

not designed specifically to assess the ability of two-

dimensional scanning and colour-flow Doppler to

assess clinically important lesions adequately, it was

reassuring that there were no instances where moder-

ate or severe valve lesions were incorrectly diagnosed

or missed. Discrimination of clinically important

valvular disease such as severe aortic stenosis has also

been demonstrated by limited TTE in other studies

[33–35].

Transthoracic echocardiography is a commonly

performed pre-operative investigation, but there is a

lack of agreement in the literature of the exact indica-

tions for echocardiography, and its influence on

Table 2 Positive transthoracic echocardiographic (TTE) findings leading to a step-up in management in 20 patients out
of a total of 100 examined.

TTE findings Management change Additional changes

Severe MR ⁄ PHT Cardiology referral and delay surgery Added intra-operative TOE, CVP
catheter, and postoperative HDU
referral

Moderate AS, empty Cardiology referral and delay surgery Added inotropic support, HDU
referral stepped up to ICU

Critical AS,
LV failure

Operation changed to suprapubic
catheter insertion

Spinal anaesthesia changed to local

Moderate AR ⁄ MR ⁄ TR ⁄ PHT Laparoscopic approach changed to
open surgery

General anaesthesia changed to
local

Moderate MR General anaesthesia changed to local Added CVP catheter
LV systolic + diastolic failure General anaesthesia changed

to spinal
Moderate AS No cardiology referral HDU referral added
Mod AR, mild MR No cardiology referral required Added CVP catheter
Severe AS ⁄ AR ⁄ MS MR ⁄ TR ⁄ PHT HDU referral, arterial line and

vasopressor infusion
Location change from endoscopy
suite to operating theatre

PHT + RV failure HDU referral CVP catheter, vasopressor infusion
Severe AR Arterial catheter Vasopressor infusion
Moderate AS (3 patients) Arterial catheter Vasopressor infusion
LV systolic failure Arterial catheter Vasopressor infusion
HOCM Arterial catheter Vasopressor infusion
LV systolic failure Arterial catheter Vasopressor infusion
Moderate AR Arterial catheter
LV systolic failure Arterial catheter
LV systolic and
diastolic failure

Vasopressor infusion

AR, aortic regurgitation; AS, aortic stenosis; CVP, central venous pressure; HDU, high dependency unit; HOCM, hypertrophic
obstructive cardiomyopathy ICU, intensive care unit; LV, left ventricular; MR, mitral regurgitation; MS, mitral stenosis; PHT,
pulmonary hypertension; RV, right ventricular; TOE, transoesophageal echocardiography, TR, tricuspid regurgitation.
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management decisions has not been previously reported.

It may be requested by anaesthetists to identify lesions

such as aortic stenosis [5, 6], pulmonary hypertension

[7], left ventricular hypertrophy, left ventricular dys-

function and mitral regurgitation [6], in at-risk patients.

Conventional practice is to refer patients to an outpa-

tient cardiology echocardiography clinic if TTE is

required. This may lead to an undesirable delay before

surgery, especially if the cardiology services are over-

stretched, and this may therefore become a disincentive

to refer patients for TTE. However, if the anaesthetists

can perform the investigation themselves immediately,

delays due to availability and waiting times may be

eliminated.

The anaesthetists in the pre-admission clinic were

reassured from the focused TTE by the absence of major

structural cardiac disease in the majority of patients,

which led to an overall reduction in the use of hospital

resources. Expenditure may also have been reduced by

prevention of last-minute cancellations in surgery in

patients who were assessed the day before surgery. The

cost of an anaesthesia-TTE service includes training and

provision of staff and echocardiography equipment. The

level of training, experience and credentialing of TTE are

important issues that are beyond the scope of this

publication.

Limitations of this study include the observational

nature of the design – this was aimed at establishing

proof of concept and feasability; however, we do

recognise that a randomised study aimed at identifying

patient outcomes after surgery now needs to be

performed. Bias was minimised by using the same data

fields in the management plan before and after TTE, and

using a separate anaesthetist to perform the echocar-

diographic study. A suitable anaesthetic department

echocardiography service would need to include a

reasonable number of anaesthetists suitably trained in

focused TTE. There is potential for a learning effect as

the use of TTE in the department was at an early stage of

adoption, and it is possible that patterns of management

may alter when it is more routinely used. There is also

the potential for a wide range of anaesthetic manage-

ment decisions to be applied for the same TTE findings.

A TTE at rest primarily evaluates functional and

anatomical abnormalities, is a poor discriminator for

active coronary artery disease and is not a substitute for

pre-operative stress testing. In addition, a normal TTE

study does not rule out all possible cardiac pathology

Table 3 Negative or reassuring transthoracic echocardiographic (TTE) findings that led to a step-down in management
in 34 patients out of 100 examined.

TTE findings Management change Additional changes ⁄ comments

Negative (8) Prevented delay or cancellation of surgery No CVP or HDU referral (1)
No cardiology referral (1)

Empty LV Prevented delay or cancellation of surgery
Mild AS Prevented delay or cancellation of surgery
Negative (7) No cardiology referral required General anaesthesia changed to spinal (1)

Local anaesthesia changed to general (1)
Mild LV diastolic failure No cardiology referral required No TOE or HDU referral
Mild LV systolic failure No cardiology referral required No CVP
Negative (6) No HDU referral Spinal anaesthesia changed to epidural (1)

Nerve block to spinal (1)
Moderate PHT No HDU referral
Mild LV systolic + diastolic failure No HDU referral
Mild AS (1) No HDU referral
Negative General anaesthesia changed to local
Negative General anaesthesia changed to combined

general and spinal
Mild LV systolic failure No CVP
Negative No CVP
Negative (2) No TOE (2)

AS, aortic stenosis; CVP, central venous pressure; HDU, high dependency unit; LV, left ventricular; PHT, pulmonary hypertension;
TOE, intra-operative transoesophageal echocardiography. The number in parenthesis refers to the number of patients.
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[36, 37], and these limitations must be considered when

putting together any management plan using TTE data.

In summary, we have shown that, in patients at risk

of cardiac disease, anaesthetist-performed focused TTE

in the pre-operative assessment clinic is feasible, and

influences clinical decision making in a substantial

proportion of patients.
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