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Abstract

The left atrium (LA) stores part of the right ventricular stroke volume during ventricular systole for
passive release into the left ventricle (LV) during ventricular early diastole and active release during
ventricular late diastole (passive and active contraction). The rest of the right ventricular stroke volume
flows through the LA from the pulmonary vascular bed to the LV (LA conduit function). The factors
affecting these LA functions were evaluated during ventricular diastole by left atrial angiography and left
ventriculography in 21 patients with normal LV ejection fraction (0.53-0.76), but without coronary artery
disease and valvular heart disease, aged 40-70 years. LV stroke volume was calculated from left
ventriculograms. The maximal LA volume, minimal LA volume, and LA volume at the beginning of the
left atrial active contraction were calculated from the left atrial angiograms, and further corrected by a
regression equation (true volume =0.91 X calculated volume —1.1). The LA reservoir volume, LA pas-
sive contraction volume, LA active contraction volume, and LA conduit volume were obtained.

LA conduit volume correlated significantly with LV stroke volume (r=0.97), but not with maximal LA
volume and LA reservoir volume. LA active contraction volume correlated significantly with LA reser-
voir volume, LA volume at the beginning of LA active contraction, and maximal LA volume (r=0.85,
0.60, 0.54, respectively). LA passive contraction volume did not correlate with any factor, and was grossly
independent of LV stroke volume.

LA conduit volume may be associated with LV diastolic function, and LA active contraction volume
appears to increase with increased LA volume.
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left atrial angiography, left atrial function, active left atrial contraction volume, passive
left atrial contraction volume, left atrial conduit volume
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Fig. 1 Angiocardiograms of the left atrium at the end of ventricular systole (63 yrs, man)

Arrows indicate the margin of the left atrium.

A : posteroanterior projection
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(Table 1).

B : left lateral projection

Vil =
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Table 1 Patient profiles and cineangiographic variables

Patient Age Diagnosis 'LVEDV LVESV LVSV LVEF LAVmax LAVmin LAVd LARV LAPCV LAACV LACV

No. (yrs) (mi) (mi) (ml) (ml) (ml) (ml) (ml) (ml) (ml) (ml)
1 40 VSA 92.5 279 64.7 0.70 36.3 16.7 29.3 19.6 7.0 12.6 40.8

2 57 VSA 73.9 25.3 48.6 0.66 433 17.8 346 255 8.7 16.8 25.6

3 55 VPC 69.3 324 36.9 0.53 39.5 15.3 29.6 242 9.9 14.3 14.6

4 65 VSA 75.5 26.7 48.8 0.65 47.0 19.1 382 279 8.8 19.1 24.7

5 70 HTN 71.8 20.3 515 0.72 448 213 398 235 5.0 18.5 28.1

6 63 VSA 61.9 19.3 42.6 0.69 43.0 20.6 352 227 8.1 14.6 203

7 69 VSA 64.7 30.3 344 0.53 51.0 29.1 432 219 7.8 14.1 144

8 40  Chest pain 66.5 28.9 37.7 0.57 36.8 17.1 27.3 19.7 9.5 10.2 16.7

9 46 Post myocarditis 81.0 21.0 60.0 0.74 453 16.0 350 293 10.3 19.0 38.0
10 45 VPC 106.6 39.4 67.2 0.63 63.4 31.6 502 318 13.2 18.6 38.0
11 51 Chest pain 66.5 16.2 50.3 0.76 49.2 22.8 365 264 12.7 13.7 279
12 42 MVP 73.8 28.3 455 0.62 383 18.8 28.9 19.5 9.4 10.1 25.1
13 41 Chest pain 79.5 29.6 49.9 0.63 39.2 14.3 29.5 249 9.7 15.2 27.2
14 44 VPC 68.0 32.1 359 0.53 42.7 21.6 323 211 104 10.7 13.7
15 60  Chest pain 68.7 16.3 524 0.76 41.8 15.1 326  26.7 9.2 17.5 23.0
16 52 Chest pain 63.7 23.0 40.7 0.64 440 18.6 340 254 10.0 15.4 15.6
17 70  Chest pain 56.0 19.1 36.9 0.66 39.5 16.3 316 232 79 15.3 17.9
18 61 Lung sarcoidosis 66.8 222 446  0.67 53.5 24.6 43.0 289 10.5 18.4 22.7
19 60 VSA 61.8 233 38.5 0.62 56.9 30.0 458 269 11.1 15.8 14.2
20 67 VSA 66.5 25.1 414  0.62 43.8 17.8 349 259 8.9 17.1 18.5
21 63 VSA 60.3 19.8 40.5 0.67 54.1 26.4 45 2717 9.6 18.1 17.8
mean 55.3 71.2 25.1 46.1 0.65 454 20.5 360 249 9.4 15.5 23.1
+=SD 106 11.5 59 9.3 0.07 7.1 5.1 6.3 34 1.8 29 8.2

LVEDV =left ventricular end-diastolic volume; LVESV =left ventricular end-systolic volume; LVSV =left ventricular stroke volume; LVEF
=Ileft ventricular ejection fraction; LAVmax=maximal left atrial volume; LAVmin=minimal left atrial volume; LAVd=left atrial volume at
the beginning of left atrial active contraction (i.e. left atrial volume at d-point); LARYV =left atrial reservoir volume; LAPCV =left atrial passive
contraction volume; LAACV =left atrial active contraction volume; LACV =left atrial conduit volume; VSA =vasospastic angina pectoris;

VPC = ventricular paroxysmal contraction; HTN=hypertension; Chest pain=atypical chest pain, MVP=mitral valve prolapse

EL7.

Vine (M) =0.91 X Veae (ml) — 1.1

(r=0.995, p<0.001)
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Fig. 2 Calculation of left atrial cadaver cast
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A : True volume of the left atrial cadaver cast as a function of calculated volume of left atrial cadaver cast. Ten
human cadaver casts of the left atrium are made and photographed by biplane cineangiography. The volumes of the
cadaver casts were calculated by Simpson’s rule and measured by the water replacement method. Calculated vol-
umes (Veac) on the X axis tend to be larger than the measured true volume (Vi) on the Y axis. The regression
equation [Vie =0.91 X Vg — 1.1 (r=0.995, p<0.001)] was used to correct the calculated volumes.

B : Intraobserver reproducibility of left atrial volume measurement. The first and the second cycles of a left atrial
angiogram were measured and the second cycle measured again after 2 weeks. The series of volumes 40 msec apart
were in close agreement.
C : Interobserver reproducibility of left atrial volume measurement. The maximal volume (LAVmax) and minimal
volume (LAVmin) of the six patients were studied. The agreement between two observers was excellent.

ECG =electrocardiogram. Other abbreviations as in Table 1.
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Representative left atrial volume-time profile during one car-
diac cycle, obtained from left atrial angiography

LARV : difference between maximal left atrial volume and
minimal left atrial volume, LAPCYV : difference between
maximal left atrial volume and left atrial volume at the begin-
ning of left atrial active contraction (i.e. left atrial volume at d-
point), LAACYV : difference between left atrial volume at d-
point and minimal left atrial volume. Each volume is normal-
ized to the body surface area.

Abbreviations as in Table 1.
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Fig. 4 Relationships between left atrial conduit volume and left ventricular stroke volume, maximal left atrial volume, and

left atrial reservoir volume

Left atrial conduit volume was highly correlated with left ventricular stroke volume.
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Fig. 5 Relationships between left atrial active contraction volume and left ventricular stroke volume, maximal left atrial

volume, left atrial volume at the beginning of left atrial active contraction, and left atrial reservoir volume

Left atrial active contraction volume was highly correlated with left atrial volume at the beginning of left atrial active
contraction and left atrial reservoir volume, indicating the presence of the so-called Frank-Starling mechanism in the

left atrium.
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Fig. 6 Relationships between left atrial passive contraction volume and left ventricular stroke volume, maximal left atrial
volume, left atrial volume at the beginning of left atrial active contraction, and left atrial reservoir volume

Left atrial passive contraction volume was constant and independent of left ventricular stroke volume.
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