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Objective: In the present study, we retrospectively
evaluated the ratio of pulmonary venous to mitral A
velocity (PV-A/A) in patients with left ventricular (LV)
systolic dysfunction with three specific types of LV
filling patterns.
Method:Transthoracic and transesophageal
echocardiography were performed in 44 patients with
LV systolic dysfunction in sinus rhythm, aged 20 to 73
years (mean 54±12), and in 11 control subjects without
cardiovascular disease aged 24 to 69 years (mean
53±7). Patients were divided into three groups
according to LV filling pattern: Group I; those with an
impaired relaxation filling pattern (E wave/A wave <1,
n=16), group II; those with a pseudonormal filling
pattern (1< E/A<2 , n=12) and group III; those with a
restrictive filling pattern (E/A> 2, n=16).
Results: The control group and the three patient groups
were not different with respect to age, gender and heart
rate. All patient groups showed significantly lower LV
ejection fraction than the control group, and was lowest
in group III. The mitral peak A wave velocity was
significantly lower in group III than in the first, control
and second groups (p<0.001, p<0.01and p<0.05,
respectively) and was highest in group I. The
pulmonary A wave velocity did not differ among groups
I, III and the controls, and was higher in group II than
in the controls (p<0.01). The PV-A/A ratio was
significantly higher in group III than in the control,
groups I and II (p<0.001, p<0.001and p<0.05,
respectively). The ratio did not differ between the
controls and group I, but were lower compared to the
group II (p<0.05).
Conclusion: An increased ratio of PV-A/A was noted
in subjects with LV systolic dysfunction with restrictive
and pseudonormal LV filling patterns. This supports
the idea that the PV-A/A ratio reflects LV filling
pressures.
Key words: Ventricular filling patern to mitral A velocity,
ventricular systolic dysfunction

Studies have shown that the mitral A wave velocity
was diminished while the pulmonary venous A wave (PVA) velocity was augmented because of decreased left
ventricular (LV) compliance in patients with elevated LV
filling pressure (1,2). Recently, Ito et al.(3) reported that
an increased ratio of pulmonary venous to mitral A velocity
(PV-A/A) was a useful marker for elevated pulmonary
capillary wedge pressure among patients with LV systolic
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dysfunction. But, the pulmonary venous flow (PVF)
velocity pattern was obtained with transthoracic
echocardiography in this study. Although PVF velocity
patterns can also be obtained with transthoracic approach,
the qualitative and quantitative analysis of the atrial wave
is problematic because the atrial velocities are very low
and therefore difficult to differentiate from baseline wall
motion noise (1,2). In addition, they did not evaluate
normal ratio PV-A/A in subjects without LV systolic
dysfunction. In the present study we retrospectively
investigated the ratio of PV-A/A in subjects with LV
systolic dysfunction with three specific types of LV filling
patterns and in normal subjects who underwent previously
transesophageal echocardiography.

Material and Method
Study population: Fifty patients with left ventricular
systolic dysfunction who underwent transesophageal
echocardiography previously were considered for this
retrospective study. Six were excluded because of
inadequate Doppler echocardiographic recordings of the
PVF velocity pattern, thus yielding a remaining study
population of 44 patients with left ventricular systolic
dysfunction. There were 23 men and 21 women ranging
in age from 20 to 73 (mean 54±12). The diagnosis of left
ventricular systolic dysfunction was based on twodimensional echocardiography (left ventricular ejection
fraction<50%). Patients were excluded if they had atrial
fibrillation, primary valvular disease, or more than grade
2 mitral regurgitation. The presumed etiology of left
ventricular systolic dysfunction was ischemic in 24
patients. Ischemic left ventricular systolic dysfunction was
considered present if the patient had a documented
previous myocardial infarction or a >50% luminal diameter
stenosis on any major epicardial coronary artery in
coronary angiography. Patients had nonischemic left
ventricular systolic dysfunction if they had
angiographically normal coronary arteries. All patients
were being treated with classic cardiac drugs, including
digitalis, diuretics, angiotensin-converting enzyme
inhibitors, nitrates or a combination of these. Because the
study population was drawn from patient groups with
abnormal LV systolic function in the previous prospective
studies, the patients did not take any drugs for at least 12
hours before the echocardiographic studies.
Echocardiographic studies: All analysis were made
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TableI.I.Clinical
Clinical and
and echocardiographic
datadata
of the
and control
groups.groups.
Table
echocardiographic
of patient
the patient
and control
Parameters
Number
Age (yr)
Male/female
Heart rate (beats/min)
LVDD (mm)
LAD (mm)
LVEF (%)
E (cm/s)
A (cm/s)
E/A
DT (ms)
PV-A (cm/s)
PV-A/A

Control
group
11
53±7
6/5
81±15
44±3
28±4
64±3
82±19
55±13
1.52±0.21 &
190±11
19±3
0.36±0.12 & ‡

Group II (E/A<1)
(E/A<1)
16
57±12
7/9
84±11
54±10 *
38±4 #
43±4 #
52±15 **
71±19 *
0.74±0.15 &
188±50
25±7
0.35±0.10 & ‡

Group II
(1≤ E/A<2)
12
56±11
5/7
83±10
57±5 **
42±4 #
39±7 #
71±12
50±7 ¶
1.42±0.22 &
133±27 ** ¶
31±11**
0.62±0.21

Group III
(E/A≥2)
16
50±16
9/7
85±12
65±9 # ¶
48±7 # ¶¶ ‡
30±7 # ¶¶ ‡‡
94±26 ¶¶ ‡
32±12 ** ¶¶ ‡
3.22±1.39
111±30 # ¶¶
25±6
0.87±0.28‡

Values are expressed as mean±SD. *p<0.05, versus control group; **p<0.01, versus control group; #p<0.001, versus control group; ¶p<0.01,
versus group I; ¶¶ p<0.001, versus group I; p<0.05, versus group II; p<0.01, versus group II; & p<0.001, versus group III. LVDD, left
ventricular end-diastolic diameter; LAD, left atrial diameter; LVEF, left ventricular ejection fraction; E, mitral E velocity; A, mitral A velocity;
DT, mitral E deceleration time; PV-A, pulmonary venous A velocity

from the recordings on videotapes. All patients underwent
a transthoracic examination using a commercially available
Doppler echocardiography unit (Vingmed CFM 725) with
a 3.25 MHz probe before the transesophageal evaluation.
Left ventricular end-diastolic diameter (LVDD) and left
atrial diameter (LAD) were measured from parasternal Mmode recordings accordings to standard criteria (4). Left
ventricular ejection fraction (LVEF) was determined from
apical views using a modified Simpsons rule (5).
Transmitral flow was recorded in the standard apical
four chamber view with the sample volume positioned
between the tips of the mitral leaflets (6-8). The peak
velocity in early filling (E) wave and at atrial contraction
(A) wave and the deceleration time of the E wave were
measured. The E wave deceleration time was obtained by
extrapolating the initial slope of E wave deceleration to
the zero line (6-8). The ratio of the peak velocities of the
E and A waves was derived.
Trans-esophagial echocardiography (TEE) was
performed using a 5 MHz multiplane probe (Vingmed
CFM 725). All patients were studied in the fasting state
using 10% lidocaine spray for posterior pharyngeal
anesthesia. No sedation or atropine was administered. The
TEE probe was inserted with the subject lying in the left
lateral position. The procedure was performed with
continuous monitoring of heart rate and a one lead
electrocardiogram. TEE was tolerated well by all patients,
and there was no complication.
We measured the PVF velocity patterns by positioning
the transesophageal pulsed Doppler sample volume over
the left upper pulmonary vein approximately 1 to 1.5 cm
proximal to its entrance to the left atrium (9-10). The
pulmonary venous (PV-A) and mitral A velocities were
measured by TEE. The ratio of pulmonary venous to mitral
A velocity (PV-A/A) was derived. All Doppler
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measurements were averaged on 3 cardiac cycles. All
patients were in sinus rhythm at the time of the study.
Before beginning TEE, informed consent was obtained
from each subject.
The patients were divided into three groups according
to the Doppler transmitral flow velocity profile: group I
(n=16) was characterized by an impaired relaxation pattern,
with E/A<1; group II (n=12) included patients with a
pseudonormal pattern, with
1< E/A<2 and group III
(n=16) consisted of patients with restrictive pattern
characterized by E/A> 2.
Eleven subjects (ranging in age from 24 to 69 years,
mean 53) with normal cardiovascular findings and no
evidence of heart failure were selected as controls.
Indications for the TEE study in the control subjects
included suspected cardiac source of embolism (5
subjects), suspected congenital heart disease (3 subjects)
and suspected aortic disease (3 subjects).
Statistical analysis: Data were presented as mean ±
SD. One-way analysis of variance was used to compare
continuous variables between groups, with a subsequent
Scheffe test for multiple means comparisons. P value< 0.05
was considered statistically significant.

Results
Baseline characteristics of the control and the three
patient groups: The clinical and echocardiographic data
for each group are listed in Table I. The control group and
the three patient groups were not statistically different with
respect to age, gender and heart rate.
The LVDD and LAD were significantly larger in three
patient groups than in the control group (p<0.001 and
p<0.01, respectively), and were largest in groups III and
II. All patient groups showed significantly lower LVEF
Eastern Journal of Medicine 6 (1): 7-10, 2001

Relation of left ventricular filling paterns to ratio of ...

than the control group (p<0.001 for each comparison), and
was lowest in group III.
Because the study patients were grouped on the basis
of E/A ratio, peak E velocity was significantly higher in
group III than in group I and II (p<0.001 and p<0.05,
respectively). The E/A ratio was higher in group III than
in groups I, II and the controls (p<0.001 for each
comparison). The mitral E deceleration time was shorter
in groups II and III compared to the group I and the
controls, but did not differ between groups II and III.
Pulmonary venous A, mitral A waves velocities and
their ratio (PV-A/A): The mitral peak A wave velocity
was significantly lower in group III than in the first, control
and second groups (p<0.001, p<0.01and p<0.05,
respectively), was highest in group I. The pulmonary A
wave velocity did not differ among groups I, III and the
controls, and was higher in group II than in the control
group (p<0.01).
The PV-A/A ratio was significantly higher in group
III than in the controls, groups I and II (p<0.001,
p<0.001and p<0.05, respectively). The ratio did not differ
between the controls and group I, but were lower compared
to group II (p<0.05).

Discussion
Analysis of the results of recent echocardiographic
Doppler studies suggest that the PVF velocity pattern may
be more sensitive to loading conditions than the mitral
flow velocity pattern( 7,11-17). In patients with elevated
LV filling pressure, the mitral A wave velocity is supressed,
and the PV-A velocity increases because of marked
elevation of afterload imposed on the left atrium( 1-3,1819). Conversely, in subjects with normal LV filling
pressure, there is an increase in the mitral A wave velocity
and a concomitant decrease in the PV-A velocity (1-2,7,1819). Nishimura et al. (2) showed that the pulmonary
capillary wedge pressure correlated best with the PV-A
velocity in the pulmonary vein at atrial contraction.
However, the acute alterations in the load they produce
could not accurately simulate changes in chronic loading
conditions in patients with heart disease. Recently, using
transthoracic echocardiography, Ito et al. (3) found the PVA/A ratio to best predict increases in the pulmonary
capillary wedge pressure in patients with LV systolic
dysfunction. They have also suggested that the PV-A/A
ratio could reflect net atrioventricular compliance.
As known, patients with impaired LV relaxation often
have normal or near normal LV filling pressures (7). In
contrast, patients with restrictive or pseudonormal filling
patterns are often associated with elevated LV filling
pressures (7,20-22).
Based on these findings, we retrospectively evaluated
the ratio of PV-A/A in subjects with LV systolic
dysfunction with three specific types of LV filling patterns
and in normal subjects.
As expected, the PV-A/A ratio was significantly higher
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in groups with restrictive and pseudonormal filling patterns
than in group with impaired relaxation and the controls,
but the PV-A/A ratio was similar in group with impaired
relaxation and the controls. These results showed the close
relationship between the PV-A/A ratio and the LV filling
pattern in patients with LV systolic dysfunction, supporting
the idea (3) that the PV-A/A ratio reflects LV filling
pressures. The reason why the ratio showed a correlation
with pulmonary capillary wedge pressure is unknown.
However, it has been suggested that each A velocity runs
in opposite directions during altered loading conditions
(3).
We found that the PV-A velocity was higher in the
group with pseudonormal filling pattern than in the group
with restrictive filling pattern, although this difference was
not significant. This result supports that, in the lack of an
increase in PV-A velocity in the patients with restrictive
filling pattern, the atria may have undergone fibrosis (22).
Limitations of the study: In the present study, invasive
hemodynamic measurements were not performed.
However, LV filling patterns have previously been
correlated with simultaneous hemodynamic data (7,20-22).
Because PVF velocity patterns were only obtained by
transesophageal echocardiography, we could not compare
the results with transthoracic echocardiographic findings.
In conclusion, an increased ratio of pulmonary venous
to mitral A velocity was noted in subjects with LV systolic
dysfunction with restrictive and pseudonormal LV filling
patterns. This supports the idea that the PV-A/A ratio
reflects LV filling pressures.
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