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Introduction

In patients undergoing cardiac surgery, left atrial pres-
sure (LAP) is commonly estimated by measuring the
pulmonary capillary wedge pressure (PCWP) using a
balloon-tipped pulmonary artery catheter. Less invasive
measurement of PCWP by means of transesophageal
echocardiography (TEE) remains a desirable but elusive

goal. Although several groups have shown reliable esti-
mation of high PCWP with TEE, quantification of nor-
mal or low PCWP states is less accurate.1-4) In order to
reduce reliance on the pulmonary artery catheter for LAP
estimation, echocardiography methods must be easy to
perform and at least semi-quantifiable. For clinical use it
is important to discriminate between high, normal and
low PCWP, and that this index is sufficiently sensitive to
detect a change in pressure.

Estimation of PCWP is an important component in
the evaluation of left ventricular diastolic function.
Echocardiography allows direct visualisation of left ven-
tricular volume, but when combined with PCWP esti-
mation, left ventricular stiffness can be estimated. A hy-
povolemic ventricle operating at high PCWP for example
indicates a stiff ventricle, whereas a normovolemic ven-
tricle operating at low PCWP indicates a compliant ven-
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We aimed to assess whether movement of the interatrial septum predicts change in pulmo-
nary capillary wedge pressure (PCWP). In 71 patients undergoing cardiac surgery, the in-
teratrial septum was categorised by its shape and movement using transesophageal
echocardiography (TEE). Fixed curvature (FC) was identified by bowing of the interatrial
septum from left to right throughout the cardiac cycle, mid-systolic reversal (MSR) by mini-
mal septal movement and transient reversal (right to left) during mid-systole, and mid-
systolic buckling (MSB) by marked movement and buckling of the septum during mid-
systole. These were compared with PCWP. Sensitivity and interobserver reliability was stud-
ied with continuous PCWP and TEE measurement during a period of acute volume alter-
ation in 10 additional patients. Interatrial septal movement predicted PCWP, with mean
PCWP (95% confidence intervals) for FC, 18.1 mmHg (16.7 to 19.6), MSR 13.2 mmHg (12.5
to 13.8) and MSB, 9.9 mmHg (9.0 to 10.7) mmHg. The mean PCWP at which a change in
pattern occurred was 8.9 mmHg (8.3 to 9.6) for MSR to MSB, and 10.9 mmHg (10.1 to 11.8)
for MSR to FC (p<0.001). There was no significant difference in mean values for all three
observers.

Movement of the interatrial septum predicts change in PCWP. (Ann Thorac Cardiovasc
Surg 2001; 7: 79–83)
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tricle. Estimation of high PCWP is also useful in dis-
criminating between the “normal” and “pseudonormal”
mitral inflow Doppler patterns.

In this study we have investigated the shape and move-
ment characteristics of the interatrial septum using TEE,
and compared them with simultaneously measured pul-
monary capillary wedge pressure in patients undergoing
cardiac surgery.

Methods

Eighty-one patients undergoing cardiac surgery were
studied. The Royal Melbourne Hospital Human Ethics
committee gave approval for the study, and written in-
formed consent was obtained from the patients. The study
was conducted in two stages. In stage 1 we performed a
prospective observational study in 71 patients to deter-
mine three patterns of interatrial septal motion and their
corresponding PCWP. In stage 2, we performed an acute
volume alteration procedure in 10 patients whilst simul-
taneously recording TEE images, PCWP and right atrial
pressure. This allowed us to determine when the change
in interatrial septal movement occurs, and to assess
interobserver reliability.

All patients were instrumented with a pulmonary ar-
tery catheter (834HF75, Baxter Healthcare Corporation,
Irvine, CA) and TEE (Hewlett-Packard Co., Andover,
MA) as a routine part of their procedure. Echocardio-
graphy transducers were 5 MHz or 6.2 MHz Omniplane
or Biplane. Patients were excluded from the study if they
had moderate or severe mitral valve regurgitation or
stenosis, were in atrial fibrillation, or if there was inad-
equate imaging of the interatrial septum.

Measurements

Pulmonary capillary wedge pressure
Pulmonary capillary wedge pressure was used to esti-
mate left atrial pressure. The pulmonary artery catheter
was inserted to wedge position prior to induction of ana-
esthesia and the balloon deflated. The balloon was in-
flated for repeated measures of PCWP. Measurements
were made at end expiration using a disposable pressure
transducer (Transpac IV. Abbott Critical Care Systems,
Sligo Ireland). The zero pressure reference point was at
the level of the mid-axillary line.

Interatrial septal movement
The interatrial septum was viewed in the mid-esophageal

short axis (30-50°). Three patterns of interatrial septal
movement were identified by the degree of curvature and
movement with each cardiac cycle and coded as fixed
curvature (FC), mid-systolic reversal (MSR) and mid-
systolic buckling (MSB) (Fig. 1). FC is identified by the
interatrial septum bowing from left to right throughout
the cardiac cycle. MSR is identified by minimal move-
ment of the interatrial septum during the cardiac cycle
with reversal of curvature during mid-systole (right to
left), returning to a left to right curvature during dias-
tole. MSB is identified by marked movement of the in-
teratrial septum, with mid-systolic reversal, but differ-
ing by the appearance of buckling of the interatrial sep-
tum at this point.

Stage 1
The interatrial septal movement was determined by a
single observer and was immediately followed by PCWP
measurement. Measurements were performed at three
time periods: before cardiopulmonary bypass (preCPB),
immediately after cardiopulmonary bypass (postCPB),
and again 30 minutes later (post30).

Stage 2
Continuous measurement of PCWP and right atrial pres-
sure (RAP), and interatrial septal movement was per-
formed by separate observers during an acute volume
alteration manoeuvre. The pressures were recorded in

Fig. 1.  Interatrial septal curvature viewed from mid-esophageal
short axis view, during systole and diastole. See text for defini-
tions. LOC is line of curvature, SEPTUM is interatrial septum,
LA is left atrium, RA is right atrium and AV is aortic valve.
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digital format (JRAK Biosignals Pty. Ltd., NY, USA).
TEE images were simultaneously recorded on videotape.
Measurements were performed during an apnoeic period.
Acute volume alteration was achieved by draining blood
from the aortic cannula into the cardiopulmonary bypass
reservoir at approximately 2 l/min and then reinfusing it
through the aortic cannula to restore and then increase
volume. We aimed to produce a wide range of filling pres-
sures. Each measurement period lasted for 60-90 sec-
onds, and measurements were performed immediately
pre and post cardiopulmonary bypass.

Three blinded observers reviewed the TEE recordings
and categorised the patterns of interatrial septal move-
ment, recording the times at which a change in pattern
occurred. A separate observer, blinded to the TEE data,
measured the mean PCWP and RAP that occurred at the
times recorded by the TEE observers from the digital
recordings. This allowed us to determine the pressure at
which changes in the interatrial septal movement occurs,
and also to assess interobserver reliability. We also com-
pared the PCWP-RAP difference with interatrial septal
movement to determine whether the interatrial pressure
difference was more important than the actual PCWP in
determining the shape and movement of the interatrial
septum.

Statistical methods
Stage 1.  The comparison of PCWP and the pattern of
interatrial septal movement was analysed by two-way
ANOVA, the factors being interatrial septal movement
(3 levels) and time in relation to cardiopulmonary by-
pass (3 levels).

Stage 2.  The mean PCWP at which a change in intera-
trial septal pattern occurred was initially compared for
direction (e.g. MSR to MSB versus MSB to MSR), us-
ing one-way ANOVA. The difference in mean values at
which a change in pattern occurred, and the difference
between observers was compared using one-way
ANOVA. The prediction of PCWP and the PCWP-RAP
difference by change in interatrial septal pattern was per-
formed by three-factor ANOVA. The factors in the analy-
sis were the interatrial septal pattern, the observer, pre or
post cardiopulmonary bypass, and the pattern versus
observer interaction.
All analyses were done using SYSTAT 7.01 (SPSS Inc,
Chicago, USA).

Results

Interatrial septal curvature versus PCWP (Stage 1)
Observations were made in 71 patients. Incomplete re-
cording of at least 1 time period occurred in 17 patients
because of inadequate imaging or haemodynamic insta-
bility at the time, leaving 179 pairs of observations for
analysis: 64 preCPB, 62 postCPB and 53 post30. The
scattergram of the data is presented as Fig. 2. The mean
values of PCWP for each interatrial septal movement

Fig. 2.  Scattergram of pulmonary capillary wedge pressure
(PCWP) according to the grade of interatrial septal curvature
(see text and Fig. 1 for definitions). n: number of observations.
Open circles, observed values. Closed circles, group means.
Bars indicate 95% confidence intervals for the population
means. Note absence of overlap of confidence intervals accord-
ing to grade of interatrial septal motion.

Grade

FC

MSR

MSB

n

23

125

31

Mean PCWP

18.1

13.2

9.9

95% CI

16.7 to 19.6

12.5 to 13.8

9.0 to 10.7

Table 1.  Mean values of pulmonary capillary wedge pressure
   according to grade of interatrial septal curvature

FC, MSR, and MSB refer to left atrial pressure states identi-
fied by atrial septal movement (see text and Fig. 1 for de-
tails). n: number of pairs of observations, PCWP: pulmo-
nary capillary wedge pressure (mmHg), CI: confidence in-
tervals for population mean. Note that there is no overlap
between confidence intervals according to grade.
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category are presented in Table 1.
There was a powerful predictive effect of interatrial

septal movement on PCWP (p<0.000001), with no con-
founding effects of TIME (p=0.231)

Mean PCWP at which a change in interatrial septal
curvature occurs (Stage 2)
One patient was excluded because a pulmonary capil-
lary wedge trace could not be obtained leaving 9 data
sets for analysis. There was no significant effect on the
relationship between interatrial septal pattern and the
direction of volume change (for MSR to MSB versus
MSB to MSR, p=0.257 and FC to MSR versus MSR to
FC, p=0.215). We therefore combined the groups of mea-
surements.

The mean (95% confidence interval) PCWP for the
change between MSB and MSR was 8.9 mmHg (8.3 to
9.6), and between MSR and FC was 10.9 mmHg (10.1 to
11.8). The difference between the two change points was
significant (p=0.0004). There was no significant differ-
ence in the mean values of PCWP between the three ob-
servers (p=0.956)

Prediction of PCWP by interatrial septal shape and
movement
The change in pattern was a powerful predictor of PCWP
(p=0.0047). The mean PCWP across all observations of
interatrial septal motion did not differ according to ob-
server (p=0.958), nor was there any interaction between
the pattern and observer (p=0.964), indicating that there
was no difference among the 3 observers in their capac-
ity to predict PCWP. There was also no difference whether
the observations were made before or after CPB
(p=0.220).

The change in pattern, however, was not a predictor
of interatrial pressure difference (p=0.128). The PCWP
was greater that the RAP in all observations. This indi-
cates that the PCWP is the important determinant of in-
teratrial septal shape, rather than the interatrial pressure
difference.

Discussion

Our study shows that the interatrial septal shape and
movement can identify a range of pulmonary capillary
wedge pressures in patients undergoing cardiac surgery.
In general terms, mid-systolic buckling will predict nor-
mal to low PCWP, mid-systolic reversal will predict nor-
mal PCWP and fixed curvature will predict normal to

high PCWP. Importantly the pattern will alter with a
change in PCWP. The simplicity of the technique, its
ability to detect a change or trend in PCWP, and
interobserver reliability, will enhance its clinical utility.

There was considerable overlap of pressures for the 3
interatrial septal patterns. This reduces the power of our
method to determine the exact PCWP for an individual
patient. Differences in left atrial compliances could ac-
count for the overlap. Left atria that are chronically ex-
posed to high pressures, for example, may show a change
in pattern at a higher PCWP than a normal left atrium.
The value of our technique however is in the ability of
the shape and movement of the interatrial septum to de-
tect a change in PCWP. For any patient, FC will occur at
a higher PCWP than MSR, which will be higher than
MSB. It is useful as a monitor of the trend in PCWP,
whilst still broadly allowing prediction of PCWP.

The concept of interatrial septal movement for PCWP
or left atrial pressure estimation is not new. Kusumoto
and colleagues3) measured the radius of curvature of the
interatrial septum and its movement during the ventila-
tory cycle and correlated it with PCWP. They described
that during early diastole and atrial contraction, the PCWP
exceeds the right atrial pressure and the septum bows to
the right. During systole, the right atrial pressure mo-
mentarily exceeds the left and the septum bows to the
left and is accentuated during passive expiration. This is
analogous to the MSR pattern. When the PWCP exceeded
15 mmHg, they found that the interatrial septum remained
bowed to the right. Although they described this finding
during passive expiration, we have found the same phe-
nomenon occurs during each cardiac cycle and identi-
fies a normal to high PCWP state (FC). When the left
atrial pressure is low, the walls of the atrium are “slack.”
The normal movement changes that occur during the
cardiac cycle are accentuated and the interatrial septum
shows increased mobility, with the septum buckling dur-
ing mid-systole (MSB).

Other groups have used a variety of Doppler ap-
proaches to estimate LAP or PCWP, including left atrial
appendage flow velocity,2) transit time of the left atrial
pressure wave,5) subtraction of mitral regurgitant pres-
sure gradient from peak brachial systolic pressure,6,7) left
atrial systolic time intervals1) or mitral inflow Doppler.4)

Although these methods show reasonable correlation with
PCWP or can identify a high PCWP state, they are time
consuming and require calculation. The advantage of
observing interatrial septal curvature is that it is quick
and easy to perform and does not involve calculation.
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Our study has several possible limitations. We used
PCWP to estimate left atrial pressure. PCWP has been
shown to correlate with end-diastolic pressure over a wide
range of conditions in patients undergoing cardiac sur-
gery.8) A single operator performed all measurements in
stage 1, making blinding impossible. However, we per-
formed the PCWP following echocardiography estima-
tion to minimise this limitation. The subjective assess-
ment of interatrial septal movement is a potential error,
but despite this, the predictive value was good. This study
has been validated in patients undergoing cardiac sur-
gery whilst mechanically ventilated. Further studies in
non-anesthetised patients using transthoracic echo-
cardiography should be performed before extending its
use to the outpatient setting. We attempted to overcome
the limitations of stage 1 in the stage 2 protocol. We used
separate observers for pressure and TEE recordings,
analysed all recordings off-line and used 3 blinded ob-
servers to assess the TEE images. We found good
interobserver reliability in the ability to determine the 3
patterns and the PCWP at which those patterns changed.

We were surprised that the interatrial pressure differ-
ence was not significant in determining the shape and
movement of the interatrial septum. The lack of signifi-
cance, however, reinforces our findings that the PCWP
(estimating left atrial pressure) is the important determi-
nant of the shape and movement of the interatrial sep-
tum.

Conclusion

The shape of interatrial septal shape and movement pre-
dicts change in pulmonary capillary wedge pressure in
patients undergoing cardiac surgery, using trans-
esophageal echocardiography.
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