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Background. Cardiac output (CO) cannot reliably be estimated by clinical examination. We

aimed to measure the agreement between CO measurements using a supra-sternal Doppler

monitor (USCOM, Coffs Harbour, Australia) and the pulmonary artery catheter (PAC).

Methods. The study was conducted in the intensive care unit of a tertiary teaching hospital.

All patients with PAC in situ were eligible. Simultaneous CO readings were taken when clinically

indicated. Investigators and clinicians were blinded to each other’s results. The CO values used

were the mean of three consecutive supra-sternal Doppler readings for patients with a sinus

rhythm and seven for atrial fibrillation, and the mean of three thermodilution curves with

acceptable form and values within 10% of each other for the PAC. Agreement was measured

using both the paired t-test to calculate bias and limits of agreement and the intraclass corre-

lation (ICC) coefficient.

Results. Ninety-four subjects were enrolled. From 89 subjects, 250 paired comparisons were

obtained. USCOM monitor readings were unobtainable in five patients. Mean supra-sternal

Doppler CO was 5.5 litre min21. Bias was 20.09 litre min21 and levels of agreement were

+2.92 litre min21 when compared with PAC. ICC was 0.46 (95% CI 0.36–0.56), and mean

percentage difference was 19 (IQR 6–31)%.

Conclusions. In our subjects, there was poor agreement between CO measurements done

with the supra-sternal Doppler monitor and PAC.
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There are numerous reports in the medical literature of our

inability to determine the state of a patient’s central haemo-

dynamics from vital signs alone.1 2 However, vital signs

remain the standard of care in treating critically ill patients.

It has been demonstrated that early invasive monitoring

[e.g. pulmonary artery catheter (PAC)] can identify occult

shock,3 but invasive monitoring is not commonly used in

the emergency department (ED). This may be due to its

time-consuming nature, the controversy over its safety,4

and the fact that its data are not always well understood or

appropriately acted upon.5

Coefficient Systems P/L have developed the USCOMw

monitor, a non-invasive, continuous wave Doppler monitor

that measures cardiac output (CO) with a probe applied

suprasternally or to the left sternal edge. A nomogram incor-

porated into the software estimates the valve cross-sectional

area, so that the CO can be calculated from the measured

flow across the aortic or pulmonary valve. It is easy to use,

without adverse impact on the patient, and commercially

available. Clinical use of the USCOM monitor has been

described in settings as diverse as helicopter retrieval ser-

vices6 and cardiac resynchronization therapy.7

The reliability of the USCOM CO readings has been

reported twice. Dey and Sprivulis8 reported that ED phys-

icians with no prior ultrasound experience could be trained

to obtain reliable CO measurements over the course of
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20 patient assessments. They reported an inter-assessor

correlation (r) of 0.96. More recently, Nguyen9 reported

an inter-assessor correlation (r2) of 0.87. Their team of

assessors included emergency physicians and trainees,

medical students, nurses, and technicians.

The accuracy of the CO readings has been assessed by

comparison with the PAC on several occasions.

Supra-sternal Doppler has been shown to be generally

unbiased and to have 95% limits of agreement (LOA) that

vary between +1.08 and +3.14 litre min21.10 11 However,

these studies were limited by relatively small sample sizes

and, therefore, a lack of precision in estimated agreement

and LOA. Percentage error as described by Critchley and

Critchley12 has also not previously been reported.

The aim of this study was to assess the levels of agree-

ment between the supra-sternal Doppler CO monitor and

the PAC in the intensive care unit (ICU) environment. We

hypothesized that these methods of CO measurement

would be comparable.

Methods

This was an observational study undertaken in the ICU of

a tertiary referral hospital between July 2006 and March

2007. The unit is a 24-bed facility with approximately

2000 admissions per annum. The study was authorized by

the institution’s Human Research and Ethics Committee

and the Standing Committee for Ethics and Research in

Humans, Monash University. The requirement for consent

was waived as the use of the supra-sternal Doppler

monitor was deemed a standard of care.

Two investigators (O.T. and R.E.W.) were trained in the

use of the supra-sternal Doppler monitor by representatives

of the company. Consistent with the findings of Dey and

Sprivulis,8 each undertook in excess of 20 examinations

before commencement of data collection. There was good

reproducibility between the two data collectors with

r¼0.88. One hundred CO curves were scored indepen-

dently according to the Fremantle criteria (Table 1) with a

correlation coefficient of r¼0.74.

All patients in the ICU were eligible for enrolment if

they were aged 18 yr or more and had a PAC placed for

clinical reasons. Participants from all diagnostic categories

were included. Participants were enrolled if CO measure-

ment using the PAC occurred when the investigators were

present. Participants were excluded if the investigators

were unable to obtain supra-sternal Doppler CO on two

occasions.

ICU staff notified the investigators of their intention to

obtain a clinically indicated PAC CO reading. This was

done according to standardized protocols using the

Edwards 834HF75 bolus thermodilution PAC. At the time

of the PAC measurement, the investigators obtained

supra-sternal Doppler CO measurements. In line with the

manufacturer’s recommendations, three measurements in

sinus rhythm and seven in atrial fibrillation were taken,

and the mean was calculated. The CO values used were

the mean of three consecutive supra-sternal Doppler read-

ings for patients with a sinus rhythm and seven for atrial

fibrillation. This is in line with manufacturer’s recommen-

dations. For the PAC, the mean of three thermodilution

curves with acceptable form and values within 10% of

each other was used. The investigators decided to use

either the aortic or the pulmonary valve according to the

best acoustic signal achievable. The guidelines for this are

shown in Table 1.

The ICU staff and investigators were blinded to each

other’s results. This process was repeated each time a

patient required a CO reading during a period when an

investigator was available. Consequently, a variable

number of CO readings were obtained per patient.

The sample size (250) was calculated for an equivalence

trial.13 The range of equivalence was set at +0.5 litre

min21 and LOA of +1.55 litre min21 were obtained from

previous studies. The calculation assumed a two-sided sig-

nificance of 0.05 and a power of 0.9.

Multiple comparisons from single patients were

assumed to be independent. Bias was defined as the mean

of the supra-sternal Doppler–PAC differences, that is, the

mean of the differences between each data pair. Paired

t-tests were used to calculate bias and assess its statistical

significance. 95% LOA reflect the ‘typical’ range of dis-

agreement between the two methods and were calculated

as +1.96 times the standard deviation (SD) of the differ-

ences between the data pairs. Intraclass correlations (ICCs)

were calculated from the variance components of mixed

models estimated by maximum likelihood with pair as a

random effect.

These three analyses were repeated on a second random

set of data which comprised independent data pairs

obtained by selecting at random one supra-sternal

Doppler–PAC pair from each patient.

The percentage difference between each pair of data

was calculated in order to allow for the relationship

between the size of the measured difference and the

magnitude of the CO measurements.12 Similarly, where

multiple data pairs were taken from a patient, the ability

to track changes in CO was measured by comparing

the magnitude of the change (percentage) and the

direction.14

Stata statistical package Version 9 was used for all

analyses.

Table 1 Fremantle criteria for acoustic image quality assessment of

supra-sternal Doppler signal8

Well-defined image base

Well-defined image peak

Well-defined commencement of flow or heart sound

Well-defined cessation of flow or heart sound

Appropriate scale used on the screen

Minimal acoustic interference
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Results

Ninety-four patients were enrolled. We were unable to

obtain an USCOM monitor signal on 14 occasions. Five

patients were excluded due to an inability to obtain a CO

reading with the supra-sternal Doppler. Three patients

went on to have successful readings after an initial failure.

Overall, 89 patients contributing 250 paired readings—

median readings per patient 3 (range 1–9). The CO values

used were the mean of three consecutive supra-sternal

Doppler readings for patients with a sinus rhythm and

seven for atrial fibrillation, and the mean of three thermo-

dilution curves with acceptable form and values within

10% of each other for the PAC.

The patients’ characteristics, diagnoses, and co-morbidity

are presented in Tables 2 and 3. Male patients predominated

and most patients were elderly. Eighty-four subjects were

cardiothoracic surgical patients.

For the 250 paired readings, mean CO was 5.5 (SD 1.4)

litre min21 for the supra-sternal Doppler and 5.6 (1.4) litre

min21 for the PAC.

Results of bias and precision are presented in Table 4.

Bias was 20.09 litre min21 and LOA were +2.92 litre

min21. ICC coefficient was 0.46 (95% CI 0.36–0.56).

The Bland and Altman plot for all 250 comparisons is

presented in Figure 1. This displays the difference between

paired readings with LOA marked.

Given that multiple pairs of data from a single patient

are not independent events, a second random set of one

data pair from each patient was analysed. This secondary

analysis yielded similar results to the primary with the

bias of 20.09 litre min21, LOA +2.93 litre min21, and

ICC of 0.56.

Results for patients who were intubated, extubated, in

atrial fibrillation, and those who had undergone aortic

valve replacement are also presented in Table 4. There

were only five observations in patients with atrial fibrilla-

tion and we did not record variability between the individ-

ual PAC or supra-sternal Doppler readings taken to

generate the mean values reported. Fifty data pairs were

obtained in patients who had undergone aortic or mitral

valve replacement. The mean signal quality in these

patients did not differ significantly from other patients (5.1

vs 5.24, P¼0.78).

Table 2 Patient characteristics and supra-sternal Doppler measurements. Data

presented as median (range)

Total number of patients 89

Number of males (%) 65 (73)

Age 67 (21–82)

Body surface area 1.93 (1.60–2.46) m2

APACHE III score 16 (5–23)

MAP 79 (61–107) mm Hg

Total number of supra-sternal Doppler measurements 250

Aortic valve 146

Pulmonary valve 104

Mean signal quality (Fremantle protocol) 5 (4–6)

Table 3 Patient diagnoses and co-morbidities (n¼89)

No. %

Principal diagnoses

Coronary artery grafting 63 71

Cardiac valve replacement 11 12

Coronary artery grafting and valve replacement 8 9

Thoracic aorta repair 2 2

Cardiogenic shock 1 1

Abdominal aortic aneurysm repair 1 1

Pericardectomy 1 1

Sepsis 1 1

Sub-dural haemorrhage 1 1

Co-morbidities

Hypertension 63 71

Previous hospital admission for ischaemic heart disease 28 31

Diabetes 18 20

Renal impairment 7 8

Stroke 6 7

Chronic obstructive airway disease 5 6

Pulmonary hypertension 4 4

Table 4 Results of Bland and Altman analysis. AF, atrial fibrillation; AVR,

aortic valve replacement

Bias (litre

min21)

Limits of

agreement
(litre

min21)

Intraclass correlation

coefficient

250 comparisons 20.1 (P¼0.34) +2.9 0.46 (95% CI 0.36–0.56)

89 comparisons 20.1 (P¼0.53) +2.9 0.55 (95% CI 0.40–0.69)

Aortic valve 0.2 +2.6

Pulmonary valve 20.5 +3.1

Intubated (n¼207) 20.1 +2.8

Extubated (n¼43) 20.1 +3.3

AF (n¼5) 20.11 +2.73

AVR, aortic view

(n¼25)

20.63 +3.02

AVR, pulmonary

view (n¼15)

22.7 +2.56
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Fig 1 Bland–Altman plot for 250 paired measurements. Reference lines

indicate the mean difference between methods (bias) at 20.09 litre min21

and the 95% LOA (2.83 to 23.01 litre min21).
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The percentage difference between data pairs is

described in Figure 2. The mean percentage difference

was 19 (IQR 6–31) and was .30% in 63 (25%) pairs.

Tracked changes in CO are shown in Figure 3. When a

change in a patient’s CO was detected by the PAC, 50%

of the time, there was a change in the same direction

and of a magnitude within +15% measured by the

supra-sternal Doppler. In total, 62% of the changes

measured were in the same direction and 65% of changes

measured by supra-sternal Doppler were within +15% of

that measured by PAC.

There were 13 comparisons in nine patients where the

difference in CO between the two methods was .3 litre

min21. Mean body surface area of the patients involved

was 1.99 m2, age 62 yr, and APACHE III 11. The mean

PAC CO was 6.0 litre min21 (range 3.24–10.1), perhaps

indicating that this is more likely to occur at high COs. All

but two readings occurred while on GTN infusions. The

poor readings occurred at random in the sequence of com-

parisons on each patient (1st once, 2nd four times, 3rd

three times, 4th twice, 5th twice, and 6th once). Four read-

ings were from the aortic valve and nine from the pulmon-

ary. All of the nine patients were post-thoracotomy.

Discussion

A difference of +30% in CO measurements between

methods has been recommended as the basis for accepting

or rejecting a method of CO monitoring.12 The percentage

difference for each set of paired data was calculated to

overcome any relationship between the magnitude of the

CO and the size of the difference between the two

methods. In this study, the mean percentage difference

(IQR) of 19% (6–31) would appear quite an acceptable

result.

However, the LOA preclude our acceptance of the

supra-sternal Doppler as an alternative to thermodilution

CO measurement in our patients. Our LOA (+2.92 litre

min21) are considerably larger than earlier reports of the

supra-sternal Doppler (+1.08 to +1.98 litre min21).10 15

In contrast, our findings are more consistent with a more

recent study that reported an LOA of +2.87 litre min21

for the aortic valve and +3.14 litre min21 for the pulmon-

ary valve.11

An examination of the scattergram of percentage differ-

ence vs CO reveals several examples where the percentage

difference was 60–80%, several of which occurred in

patients with low CO states (3–4 litre min21).

The ability to follow changes in CO is fundamental to

the success or otherwise of these monitors. Our findings of

50% of changes being both in the same direction and of

the same magnitude are consistent with 56% reported by

McGee and colleagues for the Vigileo/Flo Trac. However,

we had a smaller proportion overall in the same direc-

tion (62 vs 95%).14 The 50% success rate for both direc-

tion and magnitude seems acceptable without objective

criteria, but the 62% rate for change in the same direction

is low.

The body of literature on the supra-sternal Doppler

monitor is expanding. Chand and colleagues10 reported

that the LOA for the pulmonary valve were better than the

aortic valve. Our findings do not support this with an LOA

of +3.10 litre min21 for the pulmonary compared with

+2.65 litre min21 for the aortic valve. However, our find-

ings are supported by Van den Oever and colleagues.11

This study has a number of important limitations. First,

the preponderance of cardiac surgery cases limits the

external validity of the findings in other patient groups.

Secondly, the SD of our thermodilution measurements was

1.4 litre min21 or 25%. Typically, this has been reported
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Fig 2 Percentage difference between paired measurements. Percentage

difference was calculated as the difference between the two methods

expressed as a percentage of the mean CO value for each data pair.

Reference lines indicate acceptable LOA for percentage difference of

+28.3%.11
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Fig 3 Tracked changes in consecutive paired measurements. Changes in

CO are expressed as percentage increases or decreases compared with the

previous CO measurement provided by the same method. There were 169

consecutive measurements in 65 subjects. Data points in the top left and

bottom right quadrants represent tracked changes in opposite directions.
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in the 10–20% range. The increased variability in our

reference method could allow the supra-sternal Doppler to

appear more reliable than it truly is. The increased varia-

bility likely reflects the realities of an operational ICU.

Thirdly, the comparison with thermodilution should not be

the sole method for determining whether a new method of

CO monitoring is acceptable. There are many well-

documented problems with using the PAC as a standard.16

The strengths of the supra-sternal Doppler are that it

lacks side-effects or complications, is easy to use, and

gives repeatable readings.8 9 However, it is possible that

the suprasternal approach (aortic valve view) may not be

well tolerated by breathless patients. Other forms of non-

invasive CO monitoring such as transthoracic electric

bioimpedance and transoesophageal Doppler have also had

similarly mixed results when compared with the PAC. For

these reasons, further evaluation of the supra-sternal

Doppler monitor and similar technologies should include

examination of their impact on patient care and outcomes

and also looking for novel or niche uses where there are

few alternatives, such as ED or pre-hospital.

Conclusion

Supra-sternal Doppler appears to have poor agreement

with the PAC in our group of patients. The clinical evalu-

ation of the supra-sternal Doppler CO monitor should

proceed to include the impact of the monitor on patient

care and patient outcomes.

Funding

This work was supported by a project grant from the

Transport Accident Commission.

References
1 Blow O, Magliore L, Claridge JA, et al. The golden hour and the

silver day: detection and correction of occult hypoperfusion
within 24 hours improves outcome from major trauma. J Trauma
1999; 47: 964–9

2 Wo CC, Shoemaker WC, Appel PL, et al. Unreliability of blood
pressure and heart rate to evaluate cardiac output in emergency
resuscitation and critical illness. Crit Care Med 1993; 21: 218–23

3 Kern JW, Shoemaker WC. Meta-analysis of hemodynamic opti-

mization in high-risk patients. Crit Care Med 2002; 30: 1686–92
4 Connors AF, Jr, Speroff T, Dawson NV, et al. The effectiveness of

right heart catheterization in the initial care of critically ill
patients. SUPPORT Investigators. J Am Med Assoc 1996; 276:

889–97
5 Iberti TJ, Fischer EP, Leibowitz AB, et al. A multicenter study of

physicians’ knowledge of the pulmonary artery catheter.
Pulmonary Artery Catheter Study Group. J Am Med Assoc 1990;
264: 2928–32

6 Knobloch K, Hubrich V, Rohmann P, et al. Feasibility of preclinical
cardiac output and systemic vascular resistance in HEMS in thor-
acic pain—the ultrasonic cardiac output monitor. Air Med J 2006;
25: 270–5

7 Siu CW, Tse HF, Lee K, et al. Cardiac resynchronization therapy

optimization by ultrasonic cardiac output monitoring (USCOM)
device. Pacing Clin Electrophysiol 2007; 30: 50–5

8 Dey I, Sprivulis P. Emergency physicians can reliably assess emer-
gency department patient cardiac output using the USCOM con-
tinuous wave Doppler cardiac output monitor. Emerg Med

Australas 2005; 17: 193–9
9 Nguyen HB, Losey T, Rasmussen J, et al. Interrater reliability of

cardiac output measurements by transcutaneous Doppler ultra-
sound: implications for noninvasive hemodynamic monitoring in

the ED. Am J Emerg Med 2006; 24: 828–35
10 Chand R, Mehta Y, Trehan N. Cardiac output estimation with a

new Doppler device after off-pump coronary artery bypass
surgery. J Cardiothorac Vasc Anesth 2006; 20: 315–9

11 Van den Oever HL, Murphy EJ, Christie-Taylor GA. USCOM

(Ultrasonic Cardiac Output Monitors) lacks agreement with ther-
modilution cardiac output and transoesophageal echocardiogra-
phy valve measurements. Anaesth Intensive Care 2007; 35: 903–10

12 Critchley LA, Critchley JA. A meta-analysis of studies using bias
and precision statistics to compare cardiac output measurement

techniques. J Clin Monit Comput 1999; 15: 85–91
13 Jones B, Jarvis P, Lewis JA, et al. Trials to assess equivalence: the

importance of rigorous methods. Br Med J 1996; 313: 36–9
14 McGee WT, Horswell JL, Calderon J, et al. Validation of a con-

tinuous, arterial pressure-based cardiac output measurement: a

multicenter, prospective clinical trial. Crit Care 2007; 11: R105
15 Knobloch K, Lichtenberg A, Winterhalter M, et al. Non-invasive

cardiac output determination by two-dimensional independent
Doppler during and after cardiac surgery. Ann Thorac Surg 2005;

80: 1479–83
16 Jansen JR. The thermodilution method for the clinical assessment

of cardiac output. Intensive Care Med 1995; 21: 691–7

Thom et al.

804

D
ow

nloaded from
 https://academ

ic.oup.com
/bja/article/103/6/800/334988 by guest on 16 M

ay 2023


