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Objective:

the pulmonary venous flow pattern in patients WNBD has received little attention.
We sought to study this pattern and attempt to ghton its pathophysiology

Patients and methods: the left upper pulmonary was interrogated by pulse wave
Doppler during trans-esophageal echocardiography2nconsecutive patients with
secundumASD or sinus venosus ASD in sinus rhythngbserved several parameters
including the waveform pattern, the maximal ampléwf the S and D waves, and the
magnitude of the atrial reversal wave (a wave).

Results: in all 32 patients, a unique waveform pattern wased, characterized by a
single continuous antegrade pattern spanning gystadl diastole without interruption,
ending at the onset of atrial contraction. The p#aiw velocity was exaggerated,
ranging from 40.5 to 108 cm/sec (mean = SD 74.16586). The atrial reversal wave
had a peak velocity of _2.4- 5.0 (mean £ SD _3.B&Pwhich is lower than normal.
Conclusion: atrial septal defect causes an alteag¢iern of blood flow in the pulmonary
veins, characterized by a single waveform patteth imcreasedselocity of flow and
could aid in the diagnosis of the condition.

372



KufaMed.Journal 2012.VOL.15.No.1

Introduction

In patients with atrial septal defect (ASD), thdmponary venous flow (PVF) pattern
has been recently studied by few investigafots Saric et &P described a unique flow
pattern in patients with ASD, which returned to mat after surgical closure.Dass et
al® described the same pattern of flow using transattior echocardiography. The
normal pulmonary venous flow waveform consists ofamtegrade systolic wave (S
wave), an antegrade diastolic wave (D wave), andtaal reversal wave (A wave)
(figure 1)®.

Figure 1. Schematic summary of the physiologic basisfor the S, D, and awavefor ms.

Normally, blood starts to flow into the left atriuthA) immediately after the end of
atrial systole, the flow velocity peaks at the noifd systole, driven by the pressure
gradient between the pulmonary veins and the tefira, which is augmented by the
downward movement of the mitral annulus during xiealar systole. It slows down
towards the end of ventricular systole as the LAopees full of blood, thereby
producing the upstroke and descent of the S waspectively®. As the mitral valve
opens, blood starts to flow back again into thedsAhe latter empties itself into the LV
through the open mitral valve, producing the D wdvaring atrial contraction, blood
flow into the pulmonary vein is transiently revetsgue to temporary elevation of LA
pressure (a wavé) ©.

In patients with ASD, there is an alteration in tireving hemodynamics which may
lead to a change in the pattern of pulmonary blffo@. In this paper, we sought to
investigate this changing pattern.

PATIENTSAND METHODS

Study population:

As of January 2010 till October 2010, 32 conseeupatients seen in the consultation
clinic in Nassiriya Heart Centerwere included ie #tudy. Their ages ranged from 12-
65 years. There were 10 (31.25%) males and 21 %68.7emales. All patients had
hemodynamically significant ASDs, as revealed bynical, radiologic, and
echocardiographic assessment.
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Echocar diographic data:

A comprehensive transthoracic echocardiographionexation was performed in all
patients. The presence, site, location and hemaaignaignificance of ASD were
ascertained by transthoracic  echocardiography. rniguri transesophageal
echocardiography (TEE), all patients were studrethe left lateral decubitus position.
TEE was performed according to a standard methothgud€vnisor CHD
echocardiographic machine (Philips Medical Systelimslover, USA). The patient was
consciously sedated using midazolam intravenousthg after application of local
anesthesia to the oral cavity (xylocaine sprayg frobe was introduced into the
patient’s esophagus and standard views were obtaifeer identifying the ASD and
assuring its site, the left upper pulmonary veirs wampled. The best view of the vein
was obtained by rotating the transducer till a ldinal section of the vein was in
view. The vein was placed in the center of theldiga section and sampled with color
flow Doppler to assist positioning the pulsed waaenple volume, which was placed
within 1 cm of the pulmonary vein-left atrial juran. The signal gain was optimized to
record the flow waves while avoiding backgroundseoiA small sample volume was
used. The pulse repetition frequency was set antieamal possible value for the depth
of the sample volume, and wall motion filter was s¢ the minimal value. A
simultaneous ECG tracing was continuously displayed the echocardiographic
monitor.

All data were recorded on the device memory ancevesalysed offline including the
defect size, the magnitude of RA and RV dilatatitwe, pattern and timing of flow, and
peak velocity.

Exclusion criteria: Excluded from the study were patients not in sifryghm, those
with severe mitral regurgitation (MR), patients hwieft ventricular (LV) dysfunction,
those with osteumprimum ASD, and patients with sgoaiated defect at a level other
than the atrial septum.

All data were recorded as mean £S.D, the obtairméuaes were compared with standard
normal values.

RESULTS

Table (1) showsthe echocardiographic findingsin patientswith atrial septal defect.

Range Mean +SD

LAD (cm) 2-4.03 3.03+0.55

RVD (cm) 1.9-4.69 3.1+0.75

LVIDD (cm) 2.7-57 4.31+0.63

LVIDS (cm) 1.6 -3.7 2.8+0.48

FS % 26.7 —55.1 36.09 £ 6.7
EF% 54.3 — 80.9 62.02+ 8.37

Table 1: echocardiographic findings in 32 patiemith ASD. LAD: left atrial diameter. RVD:
right ventricular diameter. LVIDD: left ventriculadiastolic internal diameter. LVIDS: left
ventricular systolic internal diameter. FS: frantbshortening. EF: ejection fraction.
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TEE measurements:

A correct diagnosis of the presence and type ofitsivas made in all 32 patients with a
proved ASD, 24 patients were found to have an osecundum, 7 a sinus venosus
defect, and one had an aneurysm of the interaejpdum with a patent foramen ovale
(PFO). Of the 32 patients with ASD, 11 patients haltl MR, with a mean mosaic jet
area of 0.78+0.52 ¢

The shunt was predominantly left-to-right in all @&ients, as assessed by TEE.
Maximum defect diameter in these 32 patients vaffedh 0.9 to 3.66 cm (mean
2.14+0.77).

Pulmonary venous flow velocitypattern in ASD:

Table (2) shows pulmonary venous flow velocitiepatients with ASD. In all patients,
the antegrade PVF lacked distinct systolic (S) drastolic (D) waves. Instead, we
observed a single continuous antegrade wave exigridim the beginning of systole to
the onset of atrial contraction (fig 2).

Table 2: TEE findingsin 32 patientswith ASD.

Parameter Range Mean + SD
Single continuous wave (cm/sec’ 40.5 — 108 74.11 £15.96
Atrial reversal wave (cm/sec) 2.4 5.0 -3.2682.7

Figure 2: pulsed wave Doppler for theleft upper pulmonary vein in a patient with ASD.
Note the single wave pattern and the low amplitude AR waves
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DISCUSSION:

In our patients with ASD who underwent TEE, a pegupattern of PVF was seen.
Instead of showing two antegrade waves (systolaiatolic) that is seen in the normal
individual®®, there was a single wave that started early itoBysind merged with the
diastolic wave, ending at the onset of the atrealersal wave, thereby producing a
single wave pattern.

This phenomenon has not been previously studiegteat detail. There are only few
small studies showing the same findity8. In one study’, it was found that the
pulmonary venous flow pattern reverted to normalthnee patients who were re-
examined after surgical closure of the defect. Noheur patients underwent TEE
postoperatively to confirm their findings.

This finding, which is a fairly novel one, would leepected to cast further light onto
the pathophysiology of the interatrial shunt iniguatis with ASD.

Using hemodynamic recordings, Levéhal.” demonstrated that the left-to-right shunt
in ASD occurs as a pulsatile flow associated wiihLA-to-RA gradient. This gradient
was shown to be at its maximum during the intenfathe latter half of ventricular
systole and the first portion of diastole. Usinguitative cineangiography, the authors
also showed that the major shunt across the defaxtrred during those intervals of
prolonged pressure gradient. Therefore, normallgodbl flow towards the LA
decelerates or ceases at the end of systole dutetaise in LA pressure and
equilibration of pressures between the LA and puamp vein€). In ASD, however,
the persistent pressure gradient between the LA RAdat the end of systole is
translated into a pressure gradient between themgndry veins and RA. This gradient
is expected to cancel the deceleration or cessafiflow that occurs normally towards
the end of systofd. Instead, blood continues to flow through the pnary veins at the
end of systole, producing an added flow wave thauperimposed on the original flow
wave tracing, thereby merging the two waves togatha single and continuous wave.
With this concept in mind, several questions séithain to be addressed. First, whether
this pattern of PVF can be obtained in ASD of amg sr even in patent foramen ovale,
since many investigators found no correlation betwt#he magnitude of the shunt and
the size of the interatrialseptal defé®. Second, it is not known whether the same
pattern of flow can be obtained in ostiumprimum ASich is usually associated with
more significant mitral regurgitation, tricuspidgtegitation, and LV to RA shurit®.
Our study did not include patients with ostiumprimwefect. Third, it would be
interesting to see the pattern of PVF in case oDASmplicated by pulmonary
hypertension or associated with pulmonary stenasts RV failure. In these cases, the
main determinant of the shunt magnitude, i.e. trmpiance of the right ventriclé?,

is reduced. Fourth, the effect of mitral regurgaat(which is a frequent association
with ASD™®) on the pattern of PVF needs further study, esfigdn cases of severe
MR. Fifth, whether there is any correlation betwéba mean PVF velocity and the
magnitude of the shunt or the size of the defend Anally, the diagnostic significance
of this finding also needs further elucidation.i€aral. conclude that the finding of a
single continuous wave pattern should alert theraipe to the presence of an ASD
when the defect cannot be visualized directly. Hmvewe believe that to answer all
the questions a larger study with a diverse papepulation is needed.
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