


to be sufficient to assess global contractility and
dimensions and thereby to contribute to clinical
decision-making. For pleura scanning, only the
presence of pleural effusion was recorded.

Statistical analysis
This was based on the Wilcoxon signed rank sum
test for paired samples or x2-test where appropriate.

P-values of less than 0.05 were considered signi-
ficant. All tests were carried out using MedCalcs

software (Broekstraat, Mariakerke, Belgium).

Result

In general, the result data are based on the lowest
(worst case) value, as judged by the two examiners.
All patients had at least one usable window

Figure 2.
Examples of image quality grading; Upper left: 1 5 no image, Upper right: 2 5 poor and unusable image quality, Middle left: 3 5 usable
image quality, Middle right: 4 5 good image quality, Lower left: 5 5 perfect image quality. (The prints do not fully represent the quality of
images as moving factors are missing).
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preoperatively (an image score >3). On the first
postoperative day, 31 patients (88%) and before
discharge 34 patients (97%) had at least one usable
window, respectively (Table 1). Subsequently, 31
patients (88%) had at least one usable window in all
three examination periods. The number of patients
with at least three visible windows was statistically
significantly lower on the first postoperative day,
with only 57% of patients (P , 0.001, x2-test).

The image quality changed in a ‘V-shaped’
fashion (Fig. 3) during the study period, with the
highest average score, and thus best image quality,
obtained preoperative, and the poorest quality on
the first postoperative day. The average score was
statistically significantly higher preoperatively
than at discharge from hospital, which in turn was
statistically significantly higher than the average
score on the first postoperative day (both P , 0.001,
t-test).

The apical view with the patient in the left lateral
position provided the best cardiac window in all
three examinations (Table 2) and had, in all exam-

ination periods, a statistically significantly higher
image score, except for the sub-costal view on
preoperative examination.

Table 3 shows the influence of patient position on
the image quality. The image score improved in the
apical and parasternal view by turning the patient

Table 1. The number of imaging windows with an image score >3 at different examination times.

Number of imaging windows with score >3

Time investigation 0* 1 2y 3 4 5 All

Preoperative 1 2 7 12 13 35
First postoperative day 4 6 5 9 6 5 35
Discharge 1 1 4 8 7 14 35
Total 5 8 11 24 25 32 105

*Compared with examination time, no statistical significant difference in number of patients with no usable
windows.
yThe number of patients with three or more visible windows was statistically significant lower on the first
postoperative day (P , 0.001, x2-test).
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Figure 3.
Average image score according to examination time. Preoperative was statistically significantly higher than at discharge (P , 0.002;
x2-test) and discharge was statistically significantly higher than on the first postoperative day (P , 0.0001; x2-test).

Table 2. The average image score.

Measurement methods

Time investigation 1 2s 2l 3s 3l

Preoperative 3.43y 3.06 3.91* 2.69 3.37
First postoperative day 2.29 2.49 3.11* 2.17 2.43
Discharge 2.83 2.94 3.66* 2.63 3.11

(1) subcostal view; (2s) apical view supine position; (2l) apical view
left lateral position; (3s) parasternal view supine position; (3l)
parasternal view left lateral position. The image score for apical
view in the left lateral position (2l).
*Statistically significant better compared to all other views at all
examination periods (P , 0.001) except yP 5 0.018, Wilcoxon
signed rank sum test paired samples.
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in the left lateral position, and this improvement
was statistically significantly greater for the apical
view.

The presence of drains did not significantly
influence the achievability of a successful examina-
tion (Table 4). Although the score was lower and the
number of views with a score >3 was lower, the
differences were not statistically significant and,
furthermore, all patients with drains had at least one
good window for examination.

Table 5 shows the differences between evaluations
carried out by the echocardiographic technician and
the anaesthesiologist. In general, the technician
gave a lower score, although only the apical view in
the left lateral position was statistically significant.
The anaesthesiologist had a not significantly higher
number of windows with image score >3. In 67%
of examinations, there was full agreement between
the examiners. In 32% of cases the difference in
score was one, and only in less than 1% was the
difference in score two.

Table 3. The effect of changing from supine to left lateral
position for apical and parasternal view.

Window type 21 0 1 2 3

Apical view 1 41 49 13 1
Parasternal view 2 58 38 7 0

The apical view showed an improvement of quality in 60% of
patients while the parasternal view showed improvement in 43%
(P 5 0.0189, x2-test).

Table 4. The examinations on the first postoperative day
compared with the presence of drains.

No. of
View score >3 No view >3

Average
patients No. % No. % score

Drains 4 8 40.0 0 0.0 2.25
No drains 31 84 54.2 4 12.9 2.53
All 35 92 52.6 4 11.4 2.50

The lower image score and lower number of views with image score
>3 were not statistically significant (x2-test).

Table 5. The average image score and number of patients with an image score >3 divided according to examiner.

Measurement methods

Anaesthesiologist 1 2s 2l 3s 3l Mean

Preoperative 3.29 3.11 3.51 2.66 3.23 3.16
First postoperative day 2.29 2.43 2.94 2.23 2.49 2.47
Before discharge 2.80 2.89 3.23 2.46 2.86 2.85
All 2.79 2.81 3.23 2.45 2.86 2.83

Technician 1 2s 2l 3s 3l Mean

Preoperative 3.43 3.06 3.91 2.69 3.37 3.29
First postoperative day 2.29 2.49 3.11 2.17 2.43 2.50
Before discharge 2.83 2.94 3.66 2.63 3.11 3.03
All 2.85 2.83 3.56* 2.50 2.97 2.94

No. of patients with image score >3

Anaesthesiologist 1 2s 2l 3s 3l All

Preoperative 29 29 35 22 32 147
First postoperative day 17 21 26 16 20 100
Before discharge 25 26 30 20 26 127
All 71 76 91 58 78 374

Technician 1 2s 2l 3s 3l All

Preoperative 28 26 35 18 32 139
First postoperative day 16 19 27 13 17 92
Before discharge 24 26 33 22 26 131
All 68 71 95 53 75 362

The technician gave generally a higher image score than the anaesthesiologist, but only the apical view in the left lateral position (2l) was
statistically significant. The anaesthesiologist had a slightly (not significant) higher number of usable windows with an image score >3
(x2-test). (1) Subcostal view; (2s) apical view supine position; (2l) apical view left lateral position; (3s) parasternal view supine position; (3l)
parasternal view left lateral position.
*P , 0.001 Wilcoxon signed rank sum test paired samples.
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The number of patients with pleural effusion is
given in Table 6. One patient had a unilateral
effusion preoperatively, while 10 had unilateral and
one bilateral on the first postoperative day, and 14
had unilateral and four bilateral effusions before
discharge from hospital.

Discussion

This study shows that the FATE protocol is feasible
in patients undergoing AVR, as more than 88% of
the subjects had at least one usable cardiac imaging
window in the immediate postoperative period,
with further improvement, in both the usable
number of windows (97%) and in the image quality
at discharge. A study evaluating image quality in
transoesophageal echocardiography revealed 79%
good quality, 20% moderate quality and 1% poor
quality [11], and, although not directly comparable,
the high number of usable windows in our study
indicates that the FATE concept is usable on
patients after cardiac surgery. Our findings suggest
that 100% of patients have at least one usable
window preoperatively, which emphasizes the
potential benefit of a routine echo examination in
order to evaluate preoperative cardiac function.
Patients with drains on the first postoperative day
did have a lower number of windows with score >3
and a lower average image score. However, the
difference was not statistically significant. Thus the
lowest average image score on the first postoperative
day, as shown in Figure 3, can only be partly due to
the presence of drains and is more likely to be a
result of the presence of air following surgical
intervention. This is supported by earlier findings
in mixed ICU patients where the success rate has
been reported at 97–99% [10,12].

The a priori preferable window is the left apical
view in left lateral position, with the parasternal
view in the left lateral position being almost as
good. The data demonstrate that, in emergency
situations, the first choice should be the apical view
with the patient in the left lateral position. If the

patient is in the supine position the subcostal view
gives the best chance of a good window. In all
examinations, the parasternal view in the supine
position gave the poorest image quality, and we also
demonstrated that the left lateral position is to be
preferred if an improvement in image quality is
needed. This is in accordance with the general
practice for a transthoracic echocardiography
examination, where the apical and parasternal views
in the left lateral position are recommended [13].

There are interesting differences between the
evaluation done by an anaesthesiologist and that
done by an echocardiographic technician. The
generally higher image scores given by the techni-
cian could be due to the fact that the images were
obtained by that person, while the not significantly
greater number of usable windows, as judged by the
anaesthesiologist, may be influenced more by clin-
ical usefulness than image quality when evaluating
the echo images.

FATE-proved development of pleural effusion of
more than 10 mm, either unilaterally or bilaterally,
was present in more than 68% of patients at dis-
charge. When setting the cut-off point to 25 mm,
the number of patients with pleural effusion before
discharge was seven (20%). The incidence of pleural
effusion after cardiac surgery but before discharge
from hospital is not well described, but our finding
is somewhat higher than the reported incidence of
1.8% with severe pleural effusion from Schmidlin
and colleagues [11], and further investigation is
needed to find the a priori incidence and possible
clinical impact on patients being discharged with
pleural effusion.

The value of imaging the heart for the purpose of
cardiopulmonary evaluation and optimization, in
the perioperative period during AVR, is obvious.
Although 12% of examinations had an inferior
image quality on the first postoperative day, this
study shows that the FATE procedure is still valu-
able, even in the presence of drains, the alternative
being no image information and therefore decision-
making based on information from less reliable

Table 6. Pleural effusion (more than 10 mm) according to examination day and whether unilateral/bilateral.

No effusion Unilateral Bilateral Total effusion

Pleural effusion No. % No. % No. % No. %

Preoperative 34 97.1 0 0.0 1 2.9 1 2.9
First postoperative day 23 65.7 10 28.6 2 5.7 12 34.3
Before discharge 11 31.4 16 45.7 8 22.9 24 68.6

The number of patients with effusion was statistically significant higher at discharge compared with the first postoperative day, which was
statistically significantly higher than preoperatively (both P , 0.01, x2-test). The number of patients with effusion greater than 2.5 cm was one
on the first postoperative day and seven at discharge (not significant, P 5 0.058, x2-test).
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sources. Pressure measurements have earlier been
proved to be unreliable in critically ill patients [14],
and especially, severe pathology such as significant
pericardial effusion is almost impossible to diag-
nose without imaging capability. Furthermore,
these data indicate that FATE, where good, usable
windows allowing assessment of contractility and
ventricular filling have been obtained, may reduce
the need for a transoesophageal examination in
haemodynamically unstable patients following AVR.

We conclude that the image quality of the
heart and pleura according to the FATE concept,
is of sufficient quality to undergo interpretation
and thereby contribute to perioperative clinical
decision-making in patients with aortic stenosis.
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