Spectrum of M-mode
echocardiographic findings
in total anomalous
pulmonary venous return

The echocardiographic criteria suggestive of total
anomalous pulmonary venous return (TAPVR)
have been described as (1) findings of right ventric-

Douglas S. Moodie, M.D. ular volume overload (paradoxic septal motion and
a dilated right ventricle) and (2) an echo-free space
dorsal to the left atrium.'” The classic echocardi-
ographic criteria, however, have been challenged
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by recent reports as nonspecific and of limited
usefulness in the infant group.” ® ¢ As some infants
with TAPVR are minimally cyanotic and have
signs of right ventricular volume overload and con-
gestive failure, others are critically ill at birth with
pulmonary venous obstruction, severe cyanosis, and
pulmonary edema, we believed it was important to
describe the spectrum of M-mode echocardi-
ographic findings related to the age and size of the
patient, the source of the total anomalous pulmo-
nary venous drainage, the pulmonary artery pres-
sures, and the measurements of right- and left-sided
cardiac chamber dimensions. We describe nine pe-
diatric patients with TAPVR: six were beyond the
newborn period with anomalous drainage above
the diaphragm, and three were critically ill with
TAPVR below the diaphragm in the newborn pe-
riod. These nine cases demonstrate the spectrum of
the echocardiographic findings present in this con-
dition.
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Patients and methods

The Table describes the various clini-
cal aspects in our patients. There were
nine patients, five females and four
males in the age range of 20 hours to 12
years (mean, 2.5 years). Five patients
were 2 years old or older and three were
neonates. The sites of the TAPVR are
listed in the Table. The site of the anom-
alous drainage was determined by an-
giography, and in some cases was con-
firmed at postmortem examination. Six
patients, primarily in the older age
group, had total anomalous drainage
above the diaphragm. In four of the six,
there was total pulmonary venous
drainage to a left vertical vein. In one
patient there was drainage to the right
atrium, and in another to the coronary
sinus. The three newborn infants had
TAPVR to the liver or the hepatic por-
tal system. Pulmonary artery pressures
were recorded preoperatively via car-
diac catheterization and are listed in the
Table. Left ventricular systolic and end-
diastolic dimensions, right ventricular
end-diastolic dimensions, aortic dimen-
sions measured in diastole, as well as left
atrial dimensions measured in atrial sys-
tole were recorded as recommended by
the American Society of Echocardiog-
raphy.” Echocardiographic measure-
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ments of the right ventricle in diastole,
the left ventricle in both systole and
diastole, the aortic root in diastole, and
the left atrium in systole were plotted
according to the criteria described by
Henry et al®

Results

All six patients with TAPVR above
the diaphragm demonstrated paradoxic
septal motion (Fig. /). Right ventricular
end-diastolic dimensions were increased
in all nine patients (Figs. / and 24). Left
ventricular end-systolic and end-dia-
stolic diameters were in the normal or
low-normal range in most patients, al-
though in patient 6 both left ventricular
measurements were below normal (Fig.
2B and C). Aortic root measurements
were within the normal range (Fig. 34).
Left atrial measurements were either in
the low-normal range or the atria were
small (Fig. 3B). Two of the three pa-
tients in whom the left atrium was ab-
normally small had TAPVR below the
diaphragm. Figure 44 (patient 1) shows
a scan from the mitral valve to the aorta
suggestive that the left atrium is abnor-
mally small. However, when the left
atrium is more clearly visualized (Fig.
4B) the left atrial dimension is normal.
Frgure 54 (patient 7) again demonstrates

Table. Clinical description of pediatric patients with TAPVR

Square
surface Site of total Pulmonary artery
Patient area anomalous pressure
no. Sex/age m? venous return mm Hg
1 M 4 mo 0.26 To coronary sinus 47/123
2 M 2yr 0.50 To right atrium 33/17
3 F 23 mo 0.49 To left vertical vein 32/117
4 F 4yr 0.52 To left vertical vein 42/16
5 F 12 yr 0.90 To left vertical vein 40/20
6 F 2 yr 0.45 To left vertical vein 46/11
7 M 1 day 0.24 To caudate lobe of liver 83 systolic
8 F 20 hr 0.18 To hepatic portal system 75/35
9 M 5 days 0.23 To the liver 95 systolic
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Fig. 1A. M-mode echocardiogram in patient 3 at the level of the left vertricular posterior wall demonstrat-
ing a dilated right ventricle with paradoxic septal motion in that the septum moves parallel to the left
ventricular wall instead of toward the wall during systole. RV = right ventricle, LV = left ventricle, tv =
tricuspid valve, mv = mitral valve, IVS = interventricular septum. B. M-mode echocardiogram in patient
5 demonstrating paradoxic septal motion as described in Figure /4. The right ventricle is again noted to be

dilated.

ECHOCARDIOGRAPHIC MEASUREMENT IN
PATIENTS WITH TOTAL ANOMALOUS
VENOUS RETURN
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Fig. 2A. Right ventricular end-diastolic dimensions measured in millimeters compared to the actual square
surface area of the patient. The results indicated enlarged right ventricular diastolic dimensions in all
patients. B. Left ventricular end-systolic dimensions (LVESD) compared to the square surface area of the
patient demonstrating normal to low-normal values. C. Left ventricular end-diastolic dimensions (LVEDD)
again showing the values to be primarily in the normal range except for one patient who has an abnormally
small left ventricle. The graphs are adapted from the normal values reported by Rogé et al.®
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Fig. 3A. Aortic root end-diastolic measurements compared to the square surface area of the patient
demonstrated a normal aortic root measurement in all patients. B. Left atrial systolic measurements
compared to the actual square surface area of the patient demonstrated low-normal values in most patients

with two patients who had a small left atrium.

a scan from the mitral valve to the aorta
and left atrium, and again the scan is
suggestive of an abnormally small left
atrium. On better visualization of the
left atrium and aorta (Fig. 58), the left
atrium is small compared to the aorta,
and this left atrial measurement was the
smallest of the group. The patient had
TAPVR below the diaphragm. How-
ever, not all patients with TAPVR be-
low the diaphragm had abnormally
small left atrial measurements, either on
mitral-aortic scan or on visualization of
the left atrium and aorta. This is dem-
onstrated in Figure 64 and B (patient 9).

In two patients studied we were able
to visualize the common pulmonary ve-
nous chamber posterior to the left
atrium. Patient 1 had TAPVR to the
coronary sinus. The other patient had
TAPVR to a left vertical vein, but the
common pulmonary venous chamber
(CPVC) was easily visualized (Fig. 7).
Contrast echocardiography was not per-
formed in any of the patients.

In three patients, right ventricular
systolic time intervals were measured
(Fig. 8). The RVPEP/RVET ratio was

recorded in all three newborn infants
with TAPVR below the diaphragm,
with values that ranged from 0.4 to 0.65
suggestive of significant pulmonary hy-
pertension.’

Discussion

In our patients with TAPVR above
the diaphragm, the echocardiographic
findings were those of right ventricular
volume overload, namely a dilated right
ventricular chamber with paradoxic
septal motion. Five of these six patients
with classic right ventricular volume
overload were 2 years old or older. The
one younger patient had TAPVR to the
coronary sinus. All of our patients had
only slightly elevated pulmonary artery
pressures and none in this group had
pulmonary venous obstruction. Thus,
our findings would agree with those of
Paquet and Gutgesell’ that in the older
patient the echocardiogram suggests a
volume-overloaded right side of the
heart with a left-to-right shunt. In ad-
dition, we were able to visualize the
common pulmonary venous chamber
posterior to the aorta in two of our
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patients: a 4-month-old infant with systolic and end-diastolic dimensions
TAPVR to the coronary sinus, and a were normal to low normal in all pa-
23-month-old infant with TAPVR to a tients. Aortic root dimensions were nor-
left vertical vein. Left ventricular end- mal. Left atrial dimensions were low
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Fig. 4A. M-mode echocardiogram demonstrating a scan from the mitral valve to the aorta, again showing
the marked enlargement of the right ventricle with compression of the mitral valve and left ventricle. On
scan to the aorta, the left atrium appears small. AO = aorta, LA = left atrium, and other abbreviations as
in Figure /. B. M-mode echocardiogram showing normal left atrial and aortic dimensions. Arrows point to
a linear structure posterior to the left atrium, which is the common pulmonary venous chamber that

drained to the coronary sinus.
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Fig. 5A. M-mode echocardiogram in patient 8 demonstrating the markedly dilated right-sided heart
chambers with compression of the mitral valve, the left ventricle, and left atrium. RVOT = right
ventricular outflow tract, and other abbreviations as in above Figures. B. Left atrial aortic root dimensions
demonstrating a small atrium.

normal or small in all these patients. All three neonates had TAPVR below

Echocardiographic findings in the the diaphragm to the hepatic portal
newborn infants with TAPVR were dif- system. All these patients had normal
ferent from those in the older age group. septal motion. All had dilated right ven-
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Fig. 6A. M-mode echocardiographic scan in patient 9 who had TAPVR below the diaphragm to the
hepatic portal system. The right ventricle and right ventricular outflow tract are markedly dilated. The left
atrium does not appear hypoplastic. Abbreviations as in above Figures. B. Left atrial aortic root M-mode
echocardiogram in patient 9 showing a normal left atrium and aortic root diameter.
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Fig. 7. Left atrial aortic root M-mode echocardio-
gram in patient 3 who had TAPVR to a left
vertical vein. The left atrium is of normal size.
The common pulmonary venous chamber (cpvc)
can be seen posterior to the left atrium. Abbrevi-
ations as in above Figures.

tricles with echocardiographic evidence
of pulmonary hypertension, in that the
RVPEP/RVET ratio was markedly
greater than 0.30. Pulmonary artery
pressures recorded at catheterization
were systemic or supersystemic and the
pressures were twice those in the group
with TAPVR above the diaphragm.
Left ventricular end-systolic and end-
diastolic dimensions were low normal in
two of the three patients, and below
normal in one patient. Aortic root di-
mensions were normal in all three pa-
tients. Left atrial dimensions were below
normal in two of the three patients.
Echocardiographic findings had to be
interpreted with care in scanning from
the mitral valve to the aorta; the left
atrium could appear small (Fig. 44).

Vol. 48, No. 3

However, with good definition of the
anterior and posterior aortic wall, the
left atrium could then be recorded more
clearly and could appear more normal
in size (Fig. 4B). In one of the infants
(patient 9) (Fig. 64 and B), the left
atrium aortic root ratio was normal, and
there was no echocardiographic evi-
dence of small left atrium or left ventri-
cle even though that patient had the
highest pulmonary artery pressures and
severe pulmonary venous obstruction. It
becomes clear in reviewing the echocar-
diograms that the left heart in patients
with TAPVR, particularly with pul-
monary venous obstruction below the
diaphragm, is somewhat compressed
and flattened by the markedly dilated
right ventricle and right ventricular out-
flow tract (Fig. 54). We agree with data
of others'** that the left atrium in most
with  TAPVR  echocardi-
ographically appears to be of adequate
size and would not likely be a limiting

patients

factor for operative success. In two in-
stances in which the left atrium ap-
peared smaller than normal, the left
ventricular dimensions in systole and
diastole were still in the low-normal
range. Therefore, the left atrium may
function as a mere conduit for left ven-
tricular filling in this condition.

We also agree with others that in the
newborn it is extremely difficult to use
M-mode echocardiography alone to as-
certain TAPVR below the diaphragm.
Signs of right ventricular volume over-
load are lacking and the M-mode echo-
cardiogram consists primarily of the
findings of pulmonary hypertension
with a dilated and hypertrophied right
ventricle. We were not able to define an
unusual echo posterior to the left atrium
in our newborn infants.> ® The echocar-
diographic findings in the newborn with
TAPVR and our recent experience
would suggest that the M-mode echo-

Downloaded from www.ccjm.org on July 21, 2025. For personal use only. All other uses
reguire permission.


http://www.ccjm.org/

Fall 1981

i !HHHH%!HHH M

; w mw mmT

Spectrum of M-mode echocardiographic findings 323

zmummlu&g I

i mm‘m i

Fig. 8. Pulmonary valve echocardlogram in patient 8. The RVPEP/RVET ratio equals 0.70, suggestive of
severe pulmonary hypertension. Normal RVPEP/RVET ratio = 0.30.

cardiogram is of limited use in the new-
born with TAPVR below the dia-
phragm, and may easily lead to confu-
sion when trying to differentiate this
condition from persistent fetal circula-
tion, since both conditions manifest
echocardiographic findings of pulmo-
nary hypertension.'* If the left atrium is
small, one still cannot be conclusive
about the diagnosis of TAPVR because
in patients with persistent fetal circula-
tion, the pulmonary venous flow may
be reduced secondarily to severe pul-
monary arteriolar  vasoconstriction.
Thus, the investigator must reassess the
patient, since the echocardiographic
findings do not appear specific in the
newborn. Perhaps the two-dimensional
echocardiogram will be more specific in
the differential diagnosis of TAPVR in
the newborn as recently reported by
Sahn et al.”

Summary

The results of our study, which is the
largest reported M-mode echocardi-
ographic study in pediatric patients
with TAPVR, demonstrate that the M-
mode echocardiographic findings mir-
ror the varied clinical spectrum of this
disease. In the older patients who are
acyanotic and have a left-to-right shunt,
the echocardiographic findings are those
of a right ventricular volume overload.
In the newborn group, particularly in
those with pulmonary venous obstruc-
tion with TAPVR below the dia-
phragm, the echocardiographic signs
are those of pulmonary hypertension
with a dilated right heart, and one may
note a small-appearing left atrium.
TAPVR will remain a challenge in the
newborn. The M-mode echocardi-
ographic findings are not specific in this
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particular lesion. Perhaps newer tech-
niques of echocardiographic imaging
with the use of two-dimensional echo-
cardiography will improve our diagnos-
tic capabilities.’®
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