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Quantitative aspects of right-to-left shunting in
uncomplicated atrial septal defects
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The net right-to-left shunt in patients with atrial septal defects was quantified by means of polarographic
determination of arterial Po2 during pure oxygen breathing. Fifty-five per cent of the patients had an abnor-
mally low Po2 when compared with a normal control group. Pulmonary venous oxygen tensions were normal,
confirming that most of the shunting actually takes place in the atrium. The haemodynamic measurement
which correlated best with the magnitude of the right-to-left shunt was the height of the a-wave in the right
atrium. This is consistent with the concept that the right-to-left shunting mainly occurs during the small
interval in which right atrial systole precedes left atrial systole. No difference in shunting wasfound between
atrial septal defects of the primum and secundum types.

It is commonly accepted that right-to-left shunting
occurs in patients with atrial septal defects compli-
cated by advanced right ventricular hypertension.
It is also known (Marshall, Helmholtz, and Wood,
I962; Dexter, I956) that a large proportion of pa-
tients with uncomplicated atrial septal defects may
have a small right-to-left shunt at the atrial level.
We found, however, that both the incidence of such
a shunt and the possible influence of other haemo-
dynamic variables upon shunt size had been insuffi-
ciently documented with a sensitive technique. This
report represents an effort to do so, using arterial
oxygen tension measurements for the determination
of shunt volume.

Subjects and methods
In our department arterial oxygen tensions have been
routinely determined during air and pure oxygen breath-
ing in patients with atrial septal defects. In this study 73
consecutive patients with atrial septal defects and with-
out other cardiac lesions were selected. All had a domin-
ant left-to-right shunt and none had an Eisenmenger
syndrome (Wood, 1958). Two had defects ofthe primum
type, the others had secundum defects. The group was
compared with a control group consisting of 52 subjects
without known heart or lung disease, most of whom had
been referred to the department because of an innocent
heart murmur. All subjects in both groups were above
I5 years of age.
A subsample of 28 patients with atrial septal defects

and sinus rhythm, 2 of the primum and 26 of the secun-
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dum type, was selected for the correlation of right-to-left
shunt volume with other haemodynamic variables. In
this group right heart catheterization had been per-
formed within a few days of the oxygen tension measure-
ment.

In order to compare oxygen tensions in the systemic
arteries and the pulmonary veins, blood samples were
drawn simultaneously from these two sites during right
heart catheterization in 6 patients.

Blood oxygen tension was measured by means of the
polarographic technique using a coated platinum elec-
trode (Eschweiler, Kiel) (Polgar and Forster, I960;
Severinghaus, I965). The electrode was calibrated im-
mediately before each measurement by means of four
gases with exactly known oxygen contents of about 2,
12, 50, and 95 per cent. Only electrodes giving stable
calibration measurements were used. The samples were
analysed immediately after blood withdrawal. The ten-
sion was first measured during air breathing and then
after I0 minutes of ioo per cent oxygen breathing, with
the patient in the supine position. Arterial Pco2 was
measured with the Astrup technique.
The net right-to-left shunt was calculated from the

measurements made during pure oxygen breathing, thus
excluding hypoventilation and perfusion-ventilation dis-
turbances as sources of 'shunting' (Mellemgaard, i966).
Arteriovenous oxygen difference and cardiac output
measured during right heart catheterization was used.
The shunt was calculated from the commonly applied
formula (McIlroy, I965; Holmgren and Svanborg,
I965):

Q. C.02-Cv02
QCan2-Cvo2y

where Q., and Q are the shunt and systemic blood flow
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respectively, C1o2 is the pulmonary end-capillary oxygen
content, CaO2 the arterial oxygen content, and C,o2 the
mixed venous oxygen content. Complete nitrogen wash-
out was assumed to occur during the I0 minutes of
oxygen breathing.

Results
Incidence of abnormal right-to-left shunts
Arterial oxygen tensions during oxygen breathing
in patients with atrial septal defects and control
patients are shown in Fig. i. Since the mixed ven-
ous oxygen content was unknown in some cases the
tensions were compared directly, but almost identi-
cal distributions resulted from the comparison of the
computed right-to-left shunts. It is seen that 38 per
cent of the subjects with atrial septal defects had
oxygen tensions below 560 mmHg, which was the
lowest value in the control group. Fifty-five per cent
of the patients had values below the normal 4th
percentile. The difference between the two groups
is highly significant (P <o ooi). The upper normal
right-to-left shunt in this material was thus about
5 per cent, in good agreement with previously
reported values (Mellemgaard, I966).

Origin of shunt
In atrial septal defects the pulmonary blood flow
may be up to five times the systemic. A possible,
though improbable, source of arterial hypoxaemia
in this state might be the opening of pulmonary

TABLE Oxygen tensions in simultaneously drawn
blood samples from femoral artery and pulmonary
vein in 6 subjects with atrial septal defects

Case No. Defect type Po2
Femoral artery Pulmonary vein

I Secundum 526 627
2 Primum 560 635
3 Secundum 540 605
4 ,, 590 620
5 ,, 500 595
6 ,, 400 590

Mean 5I9 6I2

arteriovenous shunts or the high flow impairing the
complete oxygenation of blood during capillary
passage. The oxygen tensions from the pulmonary
veins (Table) were, however, essentially normal.

Haemodynamic determinants of right-to-left
shunt size
The shunt size was correlated with pressure and
flow measurements obtained during right heart
catheterization and with the radiologically deter-
mined heart volume. Various combinations of these
data, which were thought to have possible physio-
logical significance, were also tested. The best con-
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FIG. I Distribution of arterial oxygen tensions in
normals and patients with uncomplicated atrial septal
defects (P<o ooI).

FIG. 2 Relation between right-to-left shunt size and
the height of the right atrial a-wave in subjects with
uncomplicated atrial septal defects.
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FIG. 3 Relation between right-to-left s,
pulmonary arteriolar resistance in subji
complicated atrial septal defects.

relation was that between shunt size ar
of the a-wave in the right atrium (Fig. 2
lation being better than with any estim
ential interatrial pressure. In most cas
atrial pressure difference had to be cali
the pulmonary wedge pressure, which
direct measure of instantaneous left at]
Even the height of the right atrial
accounted for about 28 per cent of the t4
in the shunt. Pulmonary arteriolar re

correlated significantly with shunt size,
low resistance level (Fig. 3). The otl
were not significant statistically.

Six primum defects, 4 of which ha
mitral regurgitation, were compared wi
dum defects with comparable left-to-
and pulmonary artery pressures. No (

the size of the right-to-left shunt was f

Discussion
Right-to-left shunting in atrial septa
commonly evaluated by measuring arn
content, whichmay be done with an accu
± I 5 ml/l. (McIlroy, I965). Using this n
ter (I956) made an analysis of right-to-
in a large number of patients with atri
fects. He found that about one-third
saturations below the normal limit of
However, when the pulmonary arterio]
was in the range considered here, th

patients with an abnormally low saturation was
much lower, about 15 per cent. The oxygen tension
may be estimated with an accuracy up to Io times

)a05 that of02 content (McIlroy, I965), andmay thus give
a much better separation between normal and abnor-
mal. In addition, the method applied serves to
exclude alveolar hypoventilation and ventilation

* u perfusion disturbances as causes ofhypoxaemia. The
* present study is probably the first in which a large

number of patients have been investigated with a
sensitive technique. This is reflected in the finding

o of a higher percentage of patients with abnormal
right-to-left shunts than in previous reports (Dexter,

*I956).
* Indicator dilution technique (Swan, Burchell, and

Wood, I954), angiography (Levin et al., I968), and
direct measurement of flow by Doppler ultrasound
(Kalmanson et al., I972) have also been used for

9 O 11 12 the estimation of the right-to-left shunt in a few
patients with atrial septal defects. The angiographic
and Doppler methods estimate total right-to-left

-hunt size and shunt which passes the defect, much of which is
ects with un- washed back to the right atrium shortly afterwards.

In contrast, both the indicator method and the oxy-
gen tension method determine net right-to-left

id the height shunting.
z), this corre- The direct effect of pure oxygen on the vascular
Late of differ- bed may represent one possible source of error in
es the inter- the present work. This factor could give an

culated from underestimation of the right-to-left shunt (Douglasu
is a too nm et al., I969). Strained respiration during oxygen

rial pressure. breathing might, on the other hand, increase the
a-wave only shunting (Landrigan and Cudkowicz, I962). How-
oal variation ever, we consider it improbable that these factors
sitancvralson were sigicatsistance also The exclusive localization of the pathological
her relations shunt to the atrial level was not unexpected from

general knowledge (Comroe et al., I962) and from
d significant previously reported oxygen saturation data (Hick-
ith 26 secun- ham, 1949).
right shunts Interatrial shunts are essentially dynamic in
difference in nature and are primarily influenced by very small
Sound changes in differential interatrial pressure (Levin et*und. al., I968). This may be influenced by several fac-

tors, including heart rate (Levin et al., I968) and
respiration (Gamble et al., I965). The present pres-

Ll defects is sure measurements were made with conventional
terial oxygen arterial transducers and heart catheters and the
Lracy ofabout instantaneous differential interatrial pressure was not
nethod, Dex- measured exactly. Right-to-left shunt and pressures
left shunting were not measured simultaneously. It is therefore
ial septal de- not surprising that none of the correlations between
had oxygen pressures and right-to-left shunt size was high. The
95 per cent. finding that pulmonary arteriolar resistance was a
lar resistance determining factor of shunt size is in accordance
e number of with previous reports (Dexter, I956) and in agree-

l
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ment with the concept that shunt dynamics in atrial
septal defects are determined by the compliance of
the two ventricles. Right ventricular compliance is
even at this low pressure level primarily determined
by the pulmonary vascular resistance.
The observation that the height of the a-wave in

the right atrium was the best determinant of shunt
size, was, however, somewhat more surprising.
Levin et al. (I968) have reported that the right-to-
left shunt occurs during the isometric phase of ven-
tricular contraction and during early ventricular
diastole. Using Doppler ultrasound flow measure-
ment, Kalmanson et al. (1972) found an early
systolic right-to-left shunt only. Others have main-
tained that reversal of the interatrial pressure
gradient only occurs during atrial systole (Shaffer,
Silber, and Katz, I954). The latter is supported by
the present observation that the right atrial a-wave
alone was the best predictor of shunt size. It is
established that right atrial systole starts on average
20 milliseconds before that of the left (Braunwald,
Fishman, and Courmand, I956; Little, Opdyke,
and Hawley, I949; Shaffer et al., 1954). During
this short interval right atrial systolic force may act
more or less unopposed and may thus produce
most of the right-to-left shunt. The different
methods used for measuring the shunt, some
determining total and others net right-to-left shunt
may explain some of the difference in opinion re-
garding the timing of the shunting.

In the present study no difference in right-to-left
shunting was found in primum and secundum
defects. This is contrary to the common belief (Swan
et al., I954; Winters et al., I967; Silver, Kirklin,
and Wood, I956) that there is a preferential blood
flow from the inferior vena cava through an atrial
septal defect and that there is a relation between
right-to-left shunt size and localization of defect.
A possible factor in this comparison may be that the
mitral regurgitation commonly found in AV septal
defects may counteract net right-to-left shunting
through the washing back of blood through the
defect in ventricular systole.

Although the practical importance of the present
observations is limited, they may serve to elucidate
shunt mechanics in atrial septal defects and to
emphasize that comparatively large right-to-left
shunts may be found in uncomplicated atrial septal
defects.

References
Braunwald, E., Fishman, A. P., and Cournand, A. (I956).

Time relationship of dynamic events in the cardiac cham-
bers, pulmonary artery and aorta in man. Circulation
Research, 4, 100.

Comroe, J. H., Forster, R. E., Dubois, A. B., Briscoe, W. A.,
and Carlsen, E. (I962). The Lung, 2nd ed. Year Book
Medical Publishers. Chicago.

Dexter, L. (I956). Atrial septal defect. British Heart Journal,
I8, 209.

Douglas, J. E., Rembert, J. C., Sealy, W. C., and Greenfield,
J. C. (I969). Factors affecting shunting in experimental
atrial septal defects in dogs. Circulation Research, 24, 493.

Gamble, W. J., Hugenholtz, P. G., Monroe, R. G., Polanyi,
M., and Nadas, A. S. (I965). The use of fiberoptics in
clinical cardiac catheterization. Circulation, 31, 328.

Hickham, J. B. (I949). Atrial septal defect. A study of intra-
cardiac shunts, ventricular outputs, and pulmonary pres-
sure gradient. American Heart3Journal, 38, 8oi.

Holmgren, A., and Svanborg, N. (I965). Venous admixture
during exercise in sitting position. Scandinavian Journal of
Clinical and Laboratory Investigation, 17, 209.

Kalmanson, D., Veyrat, C., Derai, C., Savier, C-H., Berkman,
M., and Chiche, P. (1972). Non-invasive technique for
diagnosing atrial septal defect and assessing shunt volume,
using directional Doppler ultrasound. Correlations with
phasic flow velocity patterns of the shunt. British Heart
Journal, 34, 98I.

Landrigan, P. L., and Cudkowicz, L. (I962). Effect of the
Valsalva and Miller maneuvers on arterial oxygen satura-
tion in normal subjects and in patients with congenital
heart disease. American Heart Journal, 64, I87.

Levin, A. R., Spach, M. S., Boineau, J. P., Canent, R. V.,
Capp, M. P., and Jewett, P. H. (I968). Atrial pressure-
flow dynamics in atrial septal defects (secundum type).
Circulation, 37, 476.

Little, R. C., Opdyke, D. F., and Hawley, J. G. (I949).
Dynamics of experimental atrial septal defects. American
Journal of Physiology, I58, 241.

Mcllroy, M. B. (I965). Pulmonary shunts. In Handbook of
Physiology. Respiration, Vol. 2, p. I5i9. American Physio-
logical Society, Washington.

Marshall, H. W., Helmholtz, H. F., and Wood, E. H. (I962).
Physiologic consequences of congenital heart disease. In
Handbook of Physiology. Circulation, Vol. I, p. 46I.
American Physiological Society, Washington.

Mellemgaard, K. (I966). The alveolar-arterial oxygen differ-
ence: its size and components in normal man. Acta Physio-
logica Scandinavica, 67, I0.

Polgar, G., and Forster, R. E. (I960). Measurement of oxygen
tension in unstirred blood with a platinum electrode.
J7ournal of Applied Physiology, 15, 706.

Severinghaus, J. W. (I965). Blood gas concentrations. In
Handbook of Physiology. Respiration, Vol. 2, p. I475.
American Physiological Society, Washington.

Shaffer, A. B., Silber, E. N., and Katz, L. N. (I954). Observa-
tions on the interatrial pressure gradients in man. Circula-
tion, 10, 527.

Silver, A. W., Kirklin, J. W., and Wood, E. H. (I956).
Demonstration of preferential flow of blood from inferior
vena cava and from right pulmonary veins through experi-
mental atrial septal defects in dogs. Circulation Research,
4, 4I3.

Swan, H. J. C., Burchell, H. B., and Wood, E. H. (I954). The
presence of venoarterial shunts in patients with interatrial
communications. Circulation, 10, 705.

Winters, W. L., Cortes, F., McDonough, M., Tyson, R. R.,
Baier, H., Gimenez, J., and Davila, J. C. (I967). Veno-
arterial shunting from inferior vena cava to left atrium in
atrial septal defects with normal right heart pressures.
American Journal of Cardiology, 19, 293.

Wood, P. (1958). The Eisenmenger syndrome. British Medical
Journal, 2, 70I.

Requests for reprints to Dr. Knut Rasmussen, Medical
Department B, University Hospital, Rikshospitalet,
Oslo, Norway.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.35.9.894 on 1 S
eptem

ber 1973. D
ow

nloaded from
 

http://heart.bmj.com/

