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Response of the Interatrial Septum to Transatrial Pressure Gradients
and Its Potential for Predicting Pulinonary Capillary Wedge Pressure:
An Intraoperative Study Using Transesophageal Echocardiography in
Patients During Mechanical Ventilation
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Objectives. We hypothesized that the directional movement of
the interatrial septum and its curvature may reflect the pressure
relations between the left and right atria.

Background. Interventricular septal shape is primarily depen-
dent on the pressure pradient between the left and the right

icle. No study has y evaluated the deter-
minants of interatrial septum shage and motion.

Methods. Patients (n = 52) undergoing cardiac or vascular
surgery were studied intrzoperatively at muliiple intervals with
transesophageal echocardiography and simultaneous measure-
ment of central venous pressure, pulmonary capillary wedge
pressure and airway pressure.

Results. Overall interatrial septum shape, which usually
curved toward the right atrium, changed concordantly with
the interatrial pressure gradient (pulmonary capillary wedge
pressure-central venous pressure difference). The degree of
interatrial septum curvature was also primarily dependent on the

interatrial pressure gradient and, to a lesser extent, was affected
by changes in leﬂ alnal size {F = 130.4 vs. F = 14.1). During
passive mech iration, the pressure gradient,
usually positive, -Jlten reverses fransiently and the interatrial
septum momentarily bows toward the left atrium. Midsystolic
reversal was seem in 64 of 72 cpisodes when the pulmenary
capillary wedge pressure was <13 mm Hg but in only 2 of 40
episodes when it was >15 mm Hg (sensitivity = 0.89, specificity =
©.95, positive predictive value = 0.97).

Conelusivrs. These findings suggest that overall interatrial
septum shape depends on the pressure gradient between the Jeit
and right atria. Midsystolic reversal of the interatrial septum,
which probably reflects the increased venous return in the right
refative to the left atrium during mechanical expiration, may be a
useful indicator of the pulmenary capiliary wedge pressure,

(J Am Coll Cardiol 1993;21:721-8)

The interatrial septum is a region of varying flexibility witha
concave anterior margin that follows the posterior aortic
root, an inferior edge defined by the mitral anulus and a
posterior portion that follows the pesterior margins of the
right and left atria (1,2). The most mobile section, the fossa
ovalis, camprises approximately 28% of the total area in
adults; it transilluminates easily and has an average thick-
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ness of 0.4 mm (1). The first echocardiographic evaluation of
the interatrial sentum was performed by Matsuraoio (3) in
1973 using B-mode echocardiography. He was able to dis-
cern the structurut lifferences between a normal interatrial
septum and a sec\md\.m atrial sep*al defect Dillon et al. (4),
using {wo-d hy from a modified
left rarasternal view of the base of ihe heart, described the
echocardiogram of a normal interatrial septum as a thin
relatively straight line ding from the inferop
surface of the aorta to the posterior wall of the atria. Tei and
colleagues (5,6) deseribed interatrial septum dyramics in
normal patients and in several disease states using a right
parasternal approach. They suggested that interatrial septal
motion i probably due to the interatrial pressure gradient,
although no direct hemodyramic data for any of their
patients were reported. In addition, only 20% of normal
patients could be imaged adequately.

Because of the relative proximity of the interatrial septum
to the transducer, its temporal and spatial dynamics are
easily evaluated by two-dimensional and M-mode transesoph-
ageal echocardiography. From our abservations we hypoth-
esized that the movement of the interatrial septum may
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reflect the pressure difference between the left and right atria
and might be used to predict the interatrial p di
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Figure 1. M-mode and two-di jonal im-
ages of the interatrial septum. The M-mode cursor (dashed
line) was placed through the thinnest portion of the inter-
atrial septum (septum primum). LA = lefi atrium; RA =
right atrium.

and 2) a standard four-chamber view of the heart while me-

or feft atrial pressure, To test this theory and to help identify
the factors contributing to motion of the interatrial septum,
we performed transesophageal echocardiography in patients
undergoing cardiovascular surgery.

Methods

Study ;:tients. We prospectively performed transesoph-
ageal twc-dimensional and M-mode echocardiography in 64
consecuiive patients referred for elective cardiovascular
procedures (44 men and 20 women, 42 to 78 years old {mean
62]). Eight patients were excluded from the study because of
inability to obtain an adequate pulmonary capillary wedge
pressure. In addition, adequate four-chamber views of the
heart could not be obtained by transesophageal echocardi-
ography in four patients. The remaining 52 patients (18
requiring abdominal aortic aneurysm repair, 4 other vascular
repair, 3 mitral valve replacement, 3 aortic valve replace-
ment and 24 coronary artery bypass grafting) formed the
basis of this study. The protocol was app-oved by the
Committee on Human Kesearch at the University of Califor-
nia, San Francisco.

Experimental protocol. Anesthesia was induced with suf-
entanil (10 to 15 pwkg body weight) or fentanyl (75 to
100 pgke) and maintained with isoflurane, oxygen and
nitrous oxide. Fluids and other medications were given to
the patient as warranted by the clirical situation.

We performed tr: pt | echocardiography using
one of four commercially available probes (Hewlett-Packard,
Advanced Technology Laboratories, Aloka Corometrics,
Interspec-Vingmed) and scquentially acquired 1) two-
dimensional and M-mode views of the interatrial septum at the
level of the aortic valve after adjusting the scope to image the
thinnest part of the interatrial septum (septum primum)(Fig. 1),

h | ilation was stopped. Ventilation was then re-
started while the probe was adjusted to veacquire the interatrial
septum, and images were obtained for three consecutive ven-
tilatory cycles.

Simultaneous pulmonary capillary wedge pressure and
central venous pressure, obtained with a 7.5F pulmonary
artery catheter (American Edwards Laboratories), were
acquired throughout the study period. Great care was taken
to minimize catheter artifact and accurately zero the pres-
sure tracings. Tidal volume and airway pressure, measured
directly from the respiratory circuit, were also obtained
throughout the study period. Positive end-expiratory pres-
sure was not used in any of the patients during the study
period. All patients were studied just after induction of
anesthesia; the 30 patients undergoing thoracotomy were
also studied with the chest open and in the period after
bypass surgery for a total of 112 study periods. Adequate
pulmonary artery catheter position was confirmed postoper-
atively by examining a chest radiograph.

Two independent observers were used—one recorded
hemodynamic and ventilatory variables, and the other, with-
out knowledge of the hemodynamic data, recorded two-
dimensional and M-mode echocardiographic images.

Measurements. Hemodynamic variables. Pulmonary
capillary wedge pressure, central venous pressure, electro-
cardiogram (ECG) and airway pressure were recorded simul-
taneously on a four-channel Statham Gould recorder or
directly from the monitor (Squibb Vitatek). Tidal volume
was obtained directly from the ventilator. To determine the
p'monary capillary wedge pressure and central venous
piessure for a given period measurements were taken with
ventilation held by averaging at least three cardiac cycles
The i interatrial p was
by digitizing the pressure tracmgs onto a computer (Apple
Macintosh)} and calculating their difference. We averaged




JACC Vol. 21, Na. 3
March 1, 1%93:721-8

three consecutive mechanical respirations to obtain peak
inspiratory pressure and tidal volume.

Echocardiographic variables. Transesophageal (wo-
dimensional and M-mode variables were measured from
recordings that were digitized off line with the use of a

t calibrated ized video analysis system
(Clne view, Freeland Medical Division) or traced directly
from the video image. Measurements were made in a random
sequence that differed from the order of acquisition by an
observer who had no knowledge of the hemodynamic data.

To evaluate our two-dimensional and M-mode echocar-
diographic recordings of the interatrial septum, we focused
on the dynamic shape and motion of the mobile septum
primum: both qualitative and quantitative evaluation were
performed. The overall shape of the interalrial septum was
assessed al end-diastole, midsystole and cnd-systole and
was classified as either convex toward the left or right atrium
or at midposition. Interatrial septum length was determined
by measuring the septum primum from the two-dimensional
images at end-systole. Interatrial septum thickness was
measured at the midpoint of the septum primum at end-
systole. For quantitative analysis of interatrial septum shape
and position changes, we initially considered measuring
relative left and right atrial area changes from the four-
chamber view. However, the mobile septum primum is often
poorly seen in this imaging plane. Even when the transesoph-
ageal probe is adjusted to maximize the motion of he
interatrial scptum, the absolute area changes are smail. in
addition, atrial size is also dependent on lateral wall motion.
For these reasons, we elected to concentrate on the curva-
ture of the interatrial septum itself.

Estimates of curvature of the inievatrial septum were
obtained by modifying a method that has been used to
quantify interventricutar septal shape (7). Two chords, the
first originating from the posterior edge of the septum
primum and the secend from the anterior edge, were drawn
10 span approximately 60% to 70% of the arc formed by the
septum primurn. Both chords were then bisected by perpen-
dicular lines (Fig. 2). The distance from the intersection of
these constructed lines to the interatrial septum is the radius
of curvature. Radius of curvature was defined as positive if
the interatrial septum bowed toward the right atrium and
negative if it bowed toward the left. Curvature can be
calculated as the reciprocal of the radius of curvature.
Curvature was mcasured at end-diastole and end-systole.
Because interatrial septum size varies in normal persons,
radius of curvature was divided by the length of the ‘nter-
atrial septum, From the M-mode recordings, interatrial
septum excursion was defined as the difference between
interatrial septum position at end-diastole and ai cnd-
systole; excursion was also normalized by dividing by inter-
atrial septum length, Qualitative observation of interatrial
septal shape was done for three cardiac cycles each at
end-inspiration, end-expiration and with ventilation held. All
quantitative measurements were analyzed for three cardiac
cycles while ventilation was held.
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Left Atrium

Right Atrium

Figure 2. Schenatic of Figure 4A how
the radius of et.rvature of the interatrial septum was measured. The
interatrial septun, the left and right atria and the aortic valve are
drawn. as seen "y transesophageal echocardiography. Two chords
{a and b) were drawn along the interatrial septum. These chords
were then bisec ed by perpendicular lines (2" and b'). The distance
Irom the interscction of these constructed lines to the interatrial
septum is the radius of curvature (ROC). This value was defined as
posilive If the inleratrial septum bowed to the right (as shown) or
negative if it bowed toward the lef atrium. Curvature is the
reciprocal of the radius of curvature.

Left atrial expansion and mitral anulus descent were
measured from the four-chamber view of the heart. Left
atrial expansion index (LAEI) was calcutated as the differ-
ence beiween end-systoli (LA and end-diastolic (LAg;,)
left atrial widths divided by the end-systolic width:

LAEl = [(LAys — LAglLAG] x 100

The motion of the mitral anufus toward the narrowest
distal portion of the imaged left veniricle during systole was
calculated by slightly modifying the methed of Simonson and
Schiller {8). The distance from the posterior wall of the left
atrium to the plane formed by the mitral anulus was mea-
sured at end-systole and end-diastole. The difference be-
tween these measurements was defined as mitral anulus
descent. Both of these were obtained by
three cardiac cycles while ventilation was held.

Data analysis. To determine whether interatriat shape is
related 1o atrial expansion, descent of the base, interatrial
seplal thickness or the interatrial pressure gradient, we
performed a multiple stepwise regression analysis that also
allowed the detection of possible effects of age, heart rate
and systolic or diastolic blood pressure. Variables with an F
ratio =4.0 were considered significant and entered into the
regression equation. When comparing interatrial septal mo-
tion characteristics in patients with elevated or normal
pulmonary capillary wedge pressure, contingency table anal-
ysis was used. Probability values < 0.05 were considered
significant. All values are listed as the mean value + SD.

Interobserver and intraobserver variability of two-
dimensional findings and measurements was determined by
randomly selecting 10 patients who were analyzed by two
independent observers (interobserver variability) and by one
observer on two different occasions (intraabserver variability).
The mean of the percent differences between the iwo abservers

BIi0g
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and the two separate occasions was used o calculate interob-
server and intraobserver variability, respectively.

Resuits

Peterminants of interatrial septum motion. In ali 112
study periods we found that the shape of the interatrial
septum changed concordantly with the instantaneous inter-
atrial pressure gradient measured by the difference of pul-
monary capillary wedge pressure and central venous pres-
sure. In the five patients with severe mitral regurgitation
{flail posterior Ieaflet in two patients, flail anterior leaflet in
one and other conditions in two) and the two patients with
severe tricuspid regurgitation (functional in both), overall
shape of the interatrial septum was cxplained entirely by the
interatrial pressure gradient,

The temporal relations among shape of the interatrial
seplum, central venous pressure and pulmonary capillary
wedge pressure are shown in Figures 3 and 4 during positive
pressure inspiration and expiration, respectively. During
atrial contraction, left-sided pressures are greater than right-
sided pressures and the atrial septum bows toward the right.
in systole the interatrial pressure gradient sometimes tran-
siently reverses, and the interatrial septum momentarily
bows toward the left (midsystolic reversal) (Fig. 4). By early
diastole the left to right pressure gradient has been restored
and the interatrial septum again bows to the right.

Age, arlerial blood pressure and heart rate had no dis-
cernible cffect on curvature or excursion of the interatriai
septum. Both end-diastolic and end-systolic curvature were
most strongly affected by the interatrial pressure gradient
{r=0.77.F = 130.4. SEE = 3.02 mm Hgandr = 0.81, F =
166.6, SEE = 2.69 mm Hg) (Table i, Fig. 5 and 6). To a
lesser extent, lefl atrial expansion also appeared to corrclate
with curvature (r = 0,37, F = 14.1 and r = 0.31, F = 8,9). No
relation between curvature of the interatrial septum could be
found with descent of the mitral anulus or interatrial septal
thickness. Interatrial septal excursion did not correlate with
any of the measured echocardiographic variables or the
absolute interatrial pressure giadient. Excursion did corre-
late with the change in the inieratrial pressure gradient from
end-diastole to cnd-systole ‘r = 0.59, SEE = 0.8] mm Hg).

Effect of mechanical veutilation. Although the cardiac
cycle is normally the primary factor in determining atrial
pressures, positive pressure ventilation can change the rela-
tion of flow to the right and left sides of the heart to induce
or suppress midsystolic reversal of the interatrial septum.
During expiration the pulmanary capillary wedge pressure-
central venous pressure difference can reverse transiently
because of a relative increase in right-sided preload and is
reflected by bowing of the interatrial septum to the left
during systole (Fig. 3.4). End-expiratory midsystolic rever-
sal was seen in 64 of 72 cpisodes where the pulmonary
capillary wedge pressure was =15 but in only 2 of 40
episodes where the pulmonary capillary wedge pressure was
>15 (p = 0.001; for predicting pulmonary capillary wedge
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Figure 3. 1 ics al imul M-mode
study of the mteralnal seplun, pulmonary capillary wedge pressure
(PCWP), central venous pressure (CVP) and the interatrial pressure
gradient (AP, PCWP-CVP) during positive pressure mspnmnon
With posilive pressure il there is i

venous return and decreased systemic venous return. Throughout
the cardiac cycle pulmonary capillary wedge pressure remains
higher than ¢entral venous pressure with no reversal of the inter-
atrial septal gradient and the interatrial septum persistently bows to
the right. LA, LV = left atrium and left ventricle: RA. RV = right
atrium and right ventricle, respectively.

pressure <15 mm Hg: sensitivity: 0.89: specificity: 0.95,
positive predictive value: 0.95) (Tables 2,3). There was no
significant difference in tidal volume or peak airway pres-
sures among those patients with midsystolic reversal (tidal
volume 695 = 40 ml. peak airway pressures 22 = 4 mm Hg)
and those without (tidal volume 710 = 45 ml, peak airway
pressures 22 + § mm Hg). Among patients with a thoracot-
omy there was no significant difference in the predictive
value of midsystolic reversal among the patients after induc-
tion (0.95), with open chest (0.99) and in the pisodes after
bypass surgery (0.95). Although larger interatrial septa made
midsystolic reversal easier to discern, there was no differ-
¢nce in interatrial septal length in patients with or without
midsystolic reversal (1.8 + 0.4 vs. 1.7 = (.4 cm). No
interatrial ¢ could be d d in any
patient in saline contrast studies. In addition, no difference
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Figure 4. A, From left to right, sequential lwo-dimensional images of the
interatrial septum during positive pressure expiration at end-diastole, midsysiole
and end-syslole, respectively. The arrow points toward the interatrial septum:
the middle frame shows reversal of the interatrial septum. AV = aortic valve:
LA = left atrium; RA = right atrium. B, Same patient. Simultaneous M-mode
suidy of the interatrial septum, pulmonary capillary wedge pressure {PCWP),
cenlral venous pressure (CVP) and the interatrial pressure gradient (AP,
PCWP-CVP) al expiration. During mid le there is o y reversal off
the inleratrial pressure gradient and the interatrial septum moves posteriorly.
bowing toward the left atrium (arrow, SR [systolic reversall). RV = right

ventricle.

in interatrial thickness was present between patients with or
without midsystolic reversal {1.8 = 0.6 vs. 1.7 = 0.6 mm).
The patients with midsystolic reversal present during
both mechanical inspiration and expiration had a signifi-
cantly lower piimonary capillary wedge pressure than that
of patients with only expiratary midsystolic reversal or no
midsystolic reversal {6 * 4.4 mm Hg vs. 11 = 3.3 mm Hg and
20 £ 5.2 mm Hg; positive predictive value for pulmonary
capillary wedge pressure =<[0: 0.85, p = 0.01).
Reproducibility. For the quantitative echocardiographic
variables, the interobserver variability was 13 = 17% for
interatrial septal curvature, 9 + 6% for interatrial septal
excursion, 14 + 8% for left atrial expansivn, 8 = 3% for

interatrial septal thickness and 11 = 17% for descent of the
mitral anulus. The corresponding variables for intraobserves
variability were 14 * 18%. 10 + 8%, 13 * 5%. 7 = 5% anc
13 + 10%. There was no disagreement between observers
or, on separate accasions, on overall shape or the presence
or absence of midsystolic reversal.

Discassion
In this study intraoperative transesophageal tvo
dimensional echocardiography and hemodynamic data were
used to describe the motion of the interatrial septum and t
determine the underlying mechanisms for {1 observec
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Table [. Stepwise Regression Analysis of Interatrial Septal
Curvature and Excursion With the Interatrial Pressure Gradient,
Eeft Atrial Expansion, Interatrial Septal Thickness and Mitral
Anulus Descent

End-Diastolic End-Systolic
1AS 1AS 1AS
Curvature Curvature Excursion
F T F r F T
Interatrial pressure 1304 0.77 166.6 081 <40 —
gradient {(mm Hg)
Left atrial expansian 141 0.37 8.9 0.3t <440 —
index (%)
Interatriaf septal <4.0 - <4.0 — <40 —
thickness (mm)
Descent of the mitral <4.0 — «4.0 — <4.0 —_

anulus (em}

A stepwise linear regression analysis was performed to test for possible
influerces of heart rate, systolic and diastolic blood pressure and age.
Variables with an F ratio =4.0 entered the regression equation. 1AS =
interatrial septim.

shape changes. We found that the interatrial septum bows
markedly toward the right during atrial contraction at end-
diastole, has variable shape during midsystole, but by end-
systole is usually again bowed toward the right atrium.
Controversy exists over the primary determirants of inter-
atrial septal motion; some investigators have thought that
the interatrial pressure differences (6,9,10) are most impor-
tant, whereas other i i have speculated that the
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Figure 6. Relation between the end-systolic interatrial pressure
gradient and end-systolic curvature of the intcratrial septum.

graphic scanning sector. Although the motion of the inter-
atrial septum on M-mode study was posterior toward the left
atrium, the interatrial septum remained appropriately bowed
to the right (Fig. 7). The close concordance of interatrial
septal shape to the interatrial pressure gradient in our study
strongly suggests that the instantaneous relative pressure
changes in the atria are primarily responsible for overall
interatrial septal shape. The actual curvature of the inter-
atrial septum is mostly determined by the interatrial pressure
gradient but also, te: a lesser extent, by left atrial volume

interatrial septum moves in response to the relative volume
changes (11) between the atria. In nine patients undergoing
cardiac catheterization, Yonezawa and colleagues (10) found
that the M-mode motion of the interatrial septum closely
paralicls the interatrial pressure gradient throughout the
entire cardiac cycle except during atrial contraction, Simul-
taneous M-mode and two-dimensional images and pressure
tracings from our study confirm this finding and revealed that
the reason for the apparent discrepancy of interatrial septal
motion during atrial contraction is the posterior motion of
the entire heart through the transesophageal echocardio-

Figure 5. Relation between the end-diastolic interatrial pressure
gradient and end-diastolic curvature of the interatrial septum.

20

h The infh of volume is probably due to changes
in circumferential tension on the mobile interatrial septum.
During atrial contraction, while the regions posterior and
anterior to the fossa ovalis thicken (12}, the relatively inert
septum primum can move more freely. Large left atrial
volume changes will allow the interatrial septum to bow
more prominently. Although no hemodynamic data are
available, previous studies have found markedly increased
interatrial septal motion in patients with acute mitral regur-
gitation (5,6,9,11), normal amplitude in patients with chronic
mitral regurgitation (5.6) and decreased motion in patients
with mitral stenosis (5,6,9,11). Atrial pressure and volume
are intimately related; the relative decrease in interatrial
septal motion in chronic mitral regurgitation or mitral steno-
sis is probably due to both chronic elevation in left atrial

Table 2, Relation Between Ventilatory Systolic Reversal of the
Interatrial Septum (IAZ) and Pulmonary Cipillary Wedge Pressure

Pulmonary Capillary 3 Vedge Pressure (mm Hg)
=10 1 12 13 14 15 >16

52

48 10

EE ¥=.93+120x
§§ r=.7,n=112
£z a SEE=

)

3z °

23

2

= A

T T T U .
02 0.0 02 04 0.6 08 1.0 12
End Diastollc Curvature

Ventilatory 148 k1 8 n 2 2 4 2
systolic reversal
No IAS reversal 2 0 1 0 3 2 k2]

*The two patients who had systolic reversal and high wedge pressures had
severe associated ricuspid regurgilation. *OF the two patients with no
reversal and low pulmonary capillary wedge pressure, one had severe mitral
regurgitation and the other had markedly decreased tidal volumes (380 ml).



Table 3. Venlilatory Systolic Reversal of the Interatrial Septum
(1AS) and Differentiation Between Normal and Elevated
Pulmonary Capillary Wedge Pressure

Puimenary Capillory
Wedge Pressure

=15 =16

Ventilatory IAS systolic reversal 64 :
No TAS reversal R ki

Positive predictive value of systolic reversal for a pulmonary capillary
wedge pressure <15: 0.97: sensitivity, 0.89: specificity. 0.95.

pressure throughout the cardiac cycle with an accompanying
decrease in left atrial volume changes.

Several other factors may contribute to interatrial septal
motion. Tei ¢t al. (13) selectively cut the chordae to cither
the anterior or the posterior leaflet in dogs. Increased
'shuddering™ of the interatrial septum was seen in those
dogs with a posterior flail leafiet. although no difference in
the total amplitude of interatrial septal motion could be
found between anterior and posterior flail leaflets. In our
study, interatrial septal motion of the two patients with
severe mitral regurgitation due to a posterior flail leaflet
could be explained entirely by pressure effects. Theoreti-
cally, the degree of systolic descent of the ventricular basc
might affect interatrial septal motion by tethering the inferior
portion of the fossa ovalis. We could not find a direct relation
between interatrial septal motion or shape and mitral anulus
descent. Although direct kinetic energy from regurgitant jets
and descent of the base may contribute to interatrial septal
motion, the overall effect is probably small.

In normal patients at end-diastole and end-systole, left
atrial pressures generally exceed right atrial pressures: at
midsystole there can be considerable variation in the direc-
tion and magnitude of this relation (14), However, at normal
preloads the increase in right-sided venous return relative to

Figure 7. Simultaneous M-mode and two-dimensional
images of the interatrial septum. The large arcow shows
the posterior motion of the interatrial septum toward
the left atrium (LA) during atrial contraction. However,
as the small arrows in the two-dimensional image
iliustrate, the interatrial septum remains appropriately
bowed toward the right atrium (RA).
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the left with passive mechanical expiration will cause even
those patients with predominantly greater left-sided pres-
sures to have midsystolic reversal. End-expiratory midsys-
telic reversal appeared to be a powerful predictor of puimo-
nary capillary wedge pressure <15 (positive predictive value
0.95) under a variety of conditions seen in the operating
room. In addition, the presence of midsystolic reversal
during both the inspiratory and expiratory phases of me-
chanical ventilation appears to be assoctated with a pulmo-
nary capillary wedge pressure <10 mm Hg.

In four of our patients the predicted pulmonary capillary
wedge pressure from the presence or absence of midsystolic
reversal diftered noticeably from the measured pulmonary
capiliary wedge pressure (Table 2). The two patients with
midsystolic reversal and a high pulmonary capillary wedge
pressure had associated severe tricuspid regurgitation. Al-
though pulmonary capillary wedge pressure was high, the
severe tricuspid regurgitant V wave allowed midsystolic
right atrial pressure to transiently exceed left atrial pressure
during the expiratory phase of positive pressure ventilation.
Conversely, of the two of the patients with a very low
pulmonary capillary wedge pressure (<10) and no midsys-
tolic reversal. one had severe mitral regurgitation with a
large V' wave that prevented the rise in central venous
p caused by mechanical expiration from ever exceed-
ing left atrial pressure, and the other had the lowest tidai
volume (380 ml) in the study, which probably prevented any
significant respiratory effect on the interatrial pressure gra-
dient. Ventilatory midsystolic reversal or its absence, as an
estimate of pulmonary capillary wedge pressure, should be
used cautiously in those patients with severe mitral or
tricuspid regurgitation or in patients with a low tidal volume.

Our study is limited by several factors: 1) The left atrial
pressures were ot measured directly. In the group studied,
left atrial pressure catheters were not used to monitor
postoperative care. The differences between mean pufmo-
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nary capillary wedge pressure and left atrial pressure :r
usually within 2 mm Hg (15,16). To minimize the discre p-
ancy between left atrial pressure and pulmonary capillary
wedge pressure we studied patients without positive end-
expiratory pressure and confirmed adequate catheter pasi-
tion by a postoperative chest radiograph (17,18). 2) The
quanitative echocardiographic measurements of curvature
and excursion of the interatrial septum, descent of the mitral
anulus and left atrial expansion were marked by moderate
interobserver aad intraobserver variability. Interatrial septal
curvature isolated from ventilatory data does not predict
pulmonary capillary wedge pressure with clinically useful
precision. However, changes in the interatrial septum rela-
tive to respiratory cvcle are easily evaluated and can repro-
ducibly predict pulmonary capillary wedge pressure, It is
these qualitative characteristics of interatrial septal motion
that are the most useful in the clinical setting. 3) Left atrial
volumes were not directly measured, The left atrial expan-
sion index has been found by our laboratory to be the most
reproducible measure of changes in atrial size. Although not
a direct measure of volume, left atrial expansion index does
give some idea of left atrial compliance. 4) Our study group
did not contain any patients operated on exclusively for
right-sided lesions, and this selection bias may have artifi-
cially increased the predictive value of ventilatory midsys-
tolic reversal. 5) Our study was concerned with the mecha-
nisms of interatrial septal motion and was necessarily
confined to natients in the operating room; the use of
midsystolic reversal to predict left atrial pressure in the
outpatient or critical care setting in spontaneously breathing
patients should be the subject of Further studies.
Conclusions. Our study demonstrates that interatrial sep-
tal motion and shape are primarily dictated by the interatrial
pressure gradient. In addition, pulmonary capillary wedge
pressure can be estimated by determining the relation be-
tween interatrial septal motion and positive pressure venti-
lation. The presence of expiratory midsystolic reversal is
associated with pulmonary capillary wedge pressure
<15 mm Hg (positive predictive value 0.97) and, if midsys-
tolic reversal is present regardless of the ventilatory phase,
pulmonary capillary wedge pressure is probably <10 mm Hg
(posilive predictive value 0.85). Other studies have shown
that systolic predominance or biphasic systolic pulmonary
venous flow also predicts normal or decreased left a\nal

™~

w

.“

w

-

-

Lol

v

=

=]

=

=

=

=

Ead

JACC Vol, 21, No. 3
March 1, 1993:72i-8

References

. Rosenquist GC. Sweeney LJ, Ruckman RN, McAllister HA. Atrial septal

thickness and area in normal heart specimens and in those with ostium
secundum atrial seplal defects. § Clin Ultrasound 1979.7:343-§.
Sweeney LJ, Roscnquist GC. The normal anatomy of the atrial séptum in
the normal heart, Am Heart I 1979:98:194-9.
Matsumoto M. Identification of the interatrial septum and the diagnosis of
atrial septal defect by ultrasound method. Jpn Circ I 1974:37:1385-402.
Dnllnn ic, Weyman AE Felgenbaum H. Egpleton RC. Johnstan K.
ti ion of he interatrial septum.
C1rculauun 1977:55:115-20.
Tei C, Tanaka H. Kashima T. Yoshimura H, Minagoe S. Kanehisa T.
Real time cross-sectional echocardiographic evaluation of the interatrial
septum by right atrium-interatrial septum-left atrium direction of ultra-
sound beam, Circulation 1979:60:539-46.
Tei C, Tanska H. Kashima T. Kakao S. Tahara M. Kanehisa T.
Echocardiographic analysis of interatrial septal metion. Am J Cardiol
1979:44:472-8.

. Brinker JA, Weiss JL. Lappe DL, el al. Leftward seplal displacement

during right ventricular loading in man. Circulation 1980.61:626-33.

Sxmonson IS. Schiller NB. Descent of ihe base of the left ventricle: an
ic index of left functian. § Am Soc Echocar-

diogr 1989:2:2!~35.

Matsuzaki M, Tohma Y, Anno Y. el al. Esophageal echocardiographic

analysis of atrial dynamics. Am Heart ) 1985:109:335-62.

Yonezawa F, Matsuzaki M, Anno Y, et al. Relationship between inter-

alrial pressure gradient and motion of the interalrial sepium. ¥ Cardial

1987;17:617-23.

. Lin €S, Chen HY, Jan Y1. The interatrial septal echocardioram:

relationship to left atrial volume change in the normal and diseased heart.
Am Heart § 1984;107:519-25.

Schwinger ME. Gindea A, Freedberg RS, Kronzon [. The anatomy of
the interatrial seplum: a transesophageal echocardiographic sludy. Am
Heart J 1990;119:1401-5.

. Tei C. Tunaka H, Nakao S, ¢t al. Molion of the interatrial septum in acute

mitral régurgitation. Circulation 1980:62:1080-8.

Braunwald E, Fishman A, Cournand A. Time relationship of dynamic
events in the cardiac chambers, pulmonary artery. and aorta in man. Circ
Res 1955:4:100-7.

. Lappas D, Lell WA, Gabel JC. Civetta JM, Lowenstein E. Indirect

measurements of lefl atrial pressure in surgical patients: pulmonary
capillary wedge and pulmonary artery diastolic pressures compared with
left atrial pressure. Anesthesiology 1973:38:3%4-7.

Epps RG. Adier RH. Left atrial and puimonary capillary wedge pressures
in mitral stenosis. Br Hear J 1953:15:298-304.

Lozman J, Powers SR, Older T, et al, Correlation of pulmonary wedge
and left atrial pressures. Arch Surg 1974:109:270-7.

Jadin F, Farcot JC, Boisanie L, Corien N, Margairaz A, Boudarias JP.
Influcnce of positive end-expiratory pressure on lefl ventricular perfor-
mange. N Engl J Med 1981:304:387-92.

. Kuecherer HF, Muhiudeen 1A, Kusumolo FM. et al. Estimation of left

alrial pressure from transesophageal pulsed Doppler echocardiography of

pres (19,20). These illustrate howt

ageal echocardmgraphy can provide a convenient, relauvely
noninvasive method for estimating left-sided pressures in
anesthetized patients undergoing cardiovascular surgery.

l venous flow., Circulation 1990:82:1127-39.
Nishimura RA, Abel MD, Hate LK, Tajik AJ. Relation of pulmonary
vein to wmitral flow velocities by transcsophageal Doppler echocar-
diography: effect of different loading conditions. Circulation 1990:81:
1488-97.





