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Summary

To investigate changes in left atrial morphology and dimensions during the cardiac cycle, the
atrium was visualized by intravenous digital subtraction angiography (DSA).

The study subjects consisted of 22 male patients whose average age was 54.5+-8.6 years. They had
ischemic heart disease without mitral valve disease and were in sinus rhythm. They were 11 patients
with old myocardial infarction (OMI group) and 11 who had chest pain without evidence of infarc-
tion (AP group).

DSA was performed in the continuous mode. Contrast material (35 ml) was injected at a rate of
18 ml/sec via a catheter in the superior vena cava and subtraction images were obtained at a speed of
30frames/sec in the right anterior oblique projection. The left atrial and left ventricular margins were
traced manually, their areas were calculated, and fractional changes in area were analyzed. The left
ventricular ejection fraction (LVEF) was calculated by densitometry. Cardiac catheterization was per-
formed in 16 patients and the left ventricular end-diastolic pressure (LVEDP) and mean pulmonary
arterial wedge pressure (PAWP) were measured.

The entire left atrium was clearly imaged using DSA. Phase analysis of the time-area curves in the
right anterior oblique projection revealed that the left atrial area was maximal during left ventricular
end-systole (% LA1=100%), it decreased during early left ventricular diastole (%,LLA2), and then in-
creased slightly again during mid-diastole (%,LA3). After left atrial contraction, the minimum area was
obtained (9%LA4). The left atrium showed a two-stage decrease in the area due to passive emptying
and active contraction during left ventricular diastole.
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Passive emptying (9, LA1—9%LA2) was significantly less in the OMI group than in the AP group
(6.3+3.6 vs 13.3+4.8%,, p<0.01, respectively). In all 22 subjects, passive emptying correlated with
LVEF (r=0.70, p<0.001) and LVEDP (r= —0.58, p<0.05). There was no difference in active contrac-
tion (%LA3—9%,LA4) between the 2 groups (26.0+5.7%, in the OMI group, 28.2+8.4%, in the AP
group), and it did not correlate with LVEF or LVEDP. The ratio of passive emptying to active con-
traction [(%LA1—9%LA2)/(%LA3—9,LA4)] correlated with LVEF (r=0.63, p<0.01). These findings
suggested that impaired left ventricular diastolic function and a relative increase in atrial contraction
were present in patients with a lower LVEF. The 9%,LA4 correlated with LVEDP and PAWP (r=
0.65, r=0.63, p<0.01, respectively).

In conclusion, DSA proved to be a useful method for investigating left atrial morphology and func-

tion.
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Introduction

Though the importance of the atrial contribu-
tion to the overall cardiac function has been
pointed out!™®, studies on left atrial func-
tion®719 are still rather meager compared with
those of left ventricular function. One reason
is that the diagnostic apparatus and procedures
available in the clinical setting have not always
provided sufficient direct information on the
properties of left atrial function of the intact
human heart. Thus, reports on left atrial func-
tion were obliged to be based on indirect ob-
servations, such as atrial function coupled with
left ventricular diastolic function#*1),

Clinically, left atrial morphology and dimen-
sions have been studied by classical left atrial
angiocardiography®®, echocardiography*810.12),
and radionuclide angiocardiography”®. How-
ever, it is not easy to visualize clearly and eval-
uate the entire left atrium and changes in its
shape, size, and function throughout the cardiac
cyclel®. Since 1984, we have used intravenous
digital subtraction angiography (DSA) in pa-
tients with various cardiac diseases to diagnose
morphological and functional abnormalities!®.
As DSA facilitates obtaining good images of
the entire left atrium, we used this method to
evaluate left atrial function in patients with
ischemic heart disease in the present study.

Study population

The subjects consisted of 22 male patients
with ischemic heart disease whose mean age was
54.5+8.6 years. Included were 11 patients with
chest pain but without evidence of myocardial
infarction. This AP group, whose mean age was
54.0+6.3 years, was comprised of 6 patients
with effort angina, 3 with angina at rest, and 2
with chest pain syndrome. In addition, 11 pa-
tients with documented old myocardial infarc-
tion (OMI) were studied (mean age: 55.1+10.4
years). They consisted of 7 patients with ante-
rior infarction, 3 with inferior infarction, and
one with lateral infarction. All 22 patients were
in sinus rhythm and none of them had mitral
valve disease.

Methods

DSA

Intravenous cardiac digital subtraction angio-
graphy was performed on all 22 patients, and a
commercially available DSA system (Digiform-
er-X, Toshiba) was used for the examinations.
With this system and a 10-bit A/D converter,
X-ray TV images were logarithmically amplified
and digitized into a 512x 512 pixel matrix with
an 8-bit depth at standard TV rates (30 frames/
sec). Before injection of any contrast material,
an average image of one second duration (30
frames) was obtained and stored in computer
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memory as a digital mask image. Immediately
after the mask image was stored, 35 m/ contrast
material (Urografin 76) was injected intrave-
nously at a speed of 18 ml/sec through a 5 F
catheter (Mallinckrodt) placed in the superior
vena cava via an antecubital vein. Sequentially-
subtracted images were obtained in the con-
tinuous mode. Successive frames of the TV
image were subtracted from the mask image in
real time, and these subtracted images were
stored using an analog video disc recorder. DSA
images were obtained for 15-20 seconds in the
right anterior oblique (30 degrees) projection,
with the patients in suspended inspiration and
lying supine. Then, levo-phase images were
obtained, in which the left atrium and ventricle
were clearly visualized.

On the DSA images, margins of the left
atrium and ventricle were manually traced and
the projected areas of the left atrium and ven-
tricle were computed using a commercially
available medical image analyzer (Cardio-200,
Kontron). In tracing the left atrium, the left
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Left atrial function by DSA

auricle was excluded from calculation of the left
atrial area. In each patient, the changes in left
atrial and ventricular areas during one cardiac
cycle were plotted and analyzed. To compensate
for the magnification constants which differ from
patient to patient and are apt to lead to erro-
neous calculations of absolute areas, we also
calculated fractional changes in the area during
one cardiac cycle. The maximal areas of the left
atrium and left ventricle were regarded as 1009,
in each cycle. The left ventricular ejection frac-
tion (LVEF) was computed from the DSA
images by densitometry using a medical image
processor (GMS-55A, Toshiba).
Cardiac catheterization

In 16 patients, 8 from each group, standard
cardiac catheterization was performed, including
pressure measurements, cardiac output meas-
urements, biplane left ventriculography, and
coronary cineangiography. The left ventricular
end-diastolic pressure (LVEDP) and mean pul-
monary arterial wedge pressure (PAWP) were
compared with the data obtained by DSA.

PV

LA : left atrium

LAA : left atrial auricle
LV : left ventricle

PV :pulmonary vein

Fig. 1. Visualization of the left atrium by DSA (Case 19, myocardial infarction).
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Statistical analysis

Student’s t-test and first order regression anal-
ysis were performed. Correlation coefficients
were also determined. A p value less than 0.05
was regarded significant, and data were express-
ed as means+SD.

Results

Intravenous cardiac DSA facilitated visuali-
zation of the entire left atrium (Fig. 1).

Time-area curves of the left atrium and left
ventricle during one cardiac cycle are shown in
Fig. 2, which is a representative example for
the AP group. The left atrial area was maximal
(LA1) at the end of left ventricular systole. It
then passively decreased during early left ven-
tricular diastole (LA2) and increased slightly
again during ventricular mid-diastole (LA3).
Subsequently, it decreased to the minimal value
after active atrial contraction (LA4). Thus, the
left atrium exhibited a bimodal decrease in area,
consisting of ‘‘passive’ and ‘‘active” de-
creases, during left ventricular diastole.

Similar changes in the left atrial area were
demonstrated in the OMI patients (Fig. 3), but
the passive decrease in the area (from LAl to
LA2) was relatively little and the decrease by
active atrial contraction from LA3 to LA4 was
relatively great.

Fig. 4 shows representative images of the 4
phases of the atrial cycle obtained by DSA ex-
aminations. At left atrial end-systole (LA4),
contraction of the left atrial auricle was also
clearly demonstrated.

We expressed the fractional changes in the
left atrial area according to the formula:

%LAi=(LAi/LA1)x 100 (%) (i=1, 2, 3, 4),
where LAl is the area measured in phase LAi.
Comparison of the AP and OMI groups

There was no significant difference in age be-
tween the AP and OMI groups. The heart rate
during the DSA examination was 71.0+8.6 bpm
in the AP group and 68.7+7.5 bpm in the OMI
group (p=ns). There was also no significant
difference in the mean arterial blood pressure
(MBP). However, there was a significant differ-
ence in the LVEF between the 2 groups (AP:

50

a0

30

LV Diastole —LV Systole

20 os 10 sec

Fig. 2. Time-area curves of the left atrium and
left ventricle (Case 4, angina pectoris).

LA=left atrium; LV=left ventricle; LA1, LA2,
LA3, LA4=the 4 phases of LA area.
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Fig. 3. Time-area curves of the left atrium and
left ventricle (Case 19, myocardial infarction).

75.4+6.7%, and OMI: 55.1+10.8%,, p<0.001).
There were also significant differences in
LVEDP and PAWP between the 2 groups
(Table 1).

We compared the changes in the left atrial
area between the AP and OMI groups (Fig. 5).
In the OMI patients, the %LA2 was signifi-
cantly greater than in the AP patients (93.7+
3.6 vs 86.7+4.79,, p<0.01, respectively).
Therefore, the passive decrease in area (100—
%LA2) was not so great in the OMI patients as
in the AP patients (6.3+3.6 vs 13.3+4.89%,
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Fig. 4. The 4 phases of the left atrial area during the cardiac cycle.
A) Case 6, angina pectoris.
B) Case 19, myocardial infarction.
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Table 1. Clinical data and left atrial areas

Case No. Age HR MBP LVEF LVEDP PAWP LAl 9%LA2 9%LA3 %LA4
(yrs)  (bpm) (mmHg) (%) (mmHg) (mmHg) (cm?) (%) (%) (%)

AP group 1 44 72 93 79 10 8 44.3 81.6 83.4 61.8
2 42 72 89 70 11 6 48.1 86.2 93.2 65.8

3 56 64 78 67 10 3 42.6 88.5 91.9 40.7

4 55 68 89 82 11 6 37.7  90.3 96.2 67.1

5 60 59 83 80 6 2 38.4 87.7 91.9 63.5

6 56 72 87 78 7 7 42.7 84.5 80.9 56.9

7 56 80 75 83 6 2 36.2 86.6 89.7 57.1

8 60 81 81 74 16 9 33.3 94.2 96.2 71.1

9 57 88 102 72 — — 34.9 93.3 92.8 74.5

10 47 62 89 77 —_ — 40.5 77.2 77.1 55.7

11 61 63 82 76 — — 36.4 83.4 86.0 55.3

Mean:SD 263 4816 475 o7 wsd 133 545 47 460 S84
OMI group 12 38 65 87 57 15 1 32.6 91.0 94.7 63.3
13 44 76 90 56 10 5 30.7 93.5 85.1 61.3

14 49 81 86 60 18 14 29.1 88.5 94.1 72.8

15 54 62 101 54 8 4 32.5 93.4 93.7 55.5

16 61 60 86 66 13 7 28.4 95.4 95.7 77.1

17 74 60 91 48 — — 32.1 98.3 91.0 63.8

18 46 70 98 54 — — 54.7 86.9  90.6 59.7

19 67 65 89 52 16 8 34.2 96.4 96.3 71.0

20 63 66 80 57 19 10 38.2 93.0 89.6 70.9

21 50 82 127 30 18 12 38.9  99.0 94.5 72.6

22 60 69 87 49 — — 25.5 95.1 103.8 75.1

Mean:SD £104 £75 +121 108 437 =33 473 436 448 +es
AP vs OMI ns ns ns p<0.001 p<0.02 p<0.05 ns p<0.01 ns (p:I(l)s.07)

AP=angina pectoris; OMI=old myocardial infarction; HR=heart rate; MBP=mean blood pressure;
LVEF =left ventricular ejection fraction; LVEDP=left ventricular end-diastolic pressure; PAWP=mean pul-
monary arterial wedge pressure; LAl=maximal left atrial area; %LA2, %LA3, %LA4=Ileft atrial fractional

area in the phase LAi (i=2, 3, 4).

p<0.01, respectively).

There was no significant difference in the de-
crease in left atrial area accomplished by active
atrial contraction (% LA3—9LA4) between the
2 groups (AP: 28.2+8.4%, vs OMI: 26.0+
5.7%, p=ns). The minimal area after active
atrial contraction (%LA4) in the OMI group
was 67.61+6.8%,, and that in the AP group was

60.9+8.8%, (p=0.07, ns). The ratio of passive
atrial emptying to active atrial contraction [(100
—%LA2)/(%LA3—9%1A4)] was lower in the
OMI group than in the AP group (0.254-0.15
vs 0.51+0.25, p<0.02, respectively), and a rela-
tive increase in active atrial contraction was

observed in the OMI group (Table 2).

— 600 —



%Area

100

OMI (n=1D: §
50 AP (n=11): 9
*  (p<0.01)
=
o T T T T PhﬂSQ
LA LAz LA3 LAs

Fig. 5. Changes in left atrial area between the
AP and OMI groups.

Left atrial function in the whole study population
(Table 2)

Passive atrial emptying: Among all 22 pa-
tients, the decrease in left atrial area by
passive atrial emptying (100—9,LA2) showed a
correlation with LVEF (r=0.70, p<0.001, Fig.
6). There was also a correlation between passive
atrial emptying (100—9%LA2) and LVEDP
(r=-0.58, p<0.05, n=16), but there was no
significant correlation between passive atrial
emptying (100—9%LA2) and PAWP (n=16).

Active atrial contraction: In all groups, the
decrease in left atrial area produced by active
atrial contraction (%LA3—9%LA4) did not
correlate significantly with LVEF (Fig. 7) or
LVEDP. However, there was a correlation be-
tween the change due to active atrial contraction
(%LA3—9%LA4) and PAWP (r=-0.56, p<
0.05, n=16).

Left atrial function by DSA

Passive atrial emptying and active atrial con-
traction: The ratio of passive atrial emptying
to active atrial contraction [(100—9,LA2)/(%
LA3—-9,LA4)] correlated with LVEF (r=0.63,
p<0.01, n=22), but there was no significant
correlation between this ratio and LVEDP or
PAWP. A decrease in relative atrial emptying by
the passive mechanism, i.e., a relative increase
in the contribution of active atrial contraction,
was observed in patients with lower LVEF
values.

Minimum left atrial area: There was no cor-
relation between the minimum left atrial area
after active atrial contraction (% LA4) and
LVEF. However, 9%LA4 correlated with
LVEDP and PAWP (r=0.65, p<0.01, Fig. 8;
r=0.63, p<0.01, Fig. 9, respectively), and its
value was greater in patients with an elevated
LVEDP or PAWP.

Discussion

Intravenous DSA facilitated visualizing the
entire left atrium (Fig. 1) and investigating
changes in its shape and size during the cardiac
cycle (Figs. 2-4). The shape, size, and function
of the left atrium have been previously investi-
gated by classical cineangiography®®, echocar-
diography (including Doppler echocardiogra-
phy)*%10:12 and radionuclide angiocardiogra-
phy”®. Since the DSA method provides clear
images obtained by the central intravenous in-
jection of contrast material, it is unnecessary to
inject contrast material directly into the left
atrium or pulmonary artery. Thus, this method

Table 2. Changes in left atrial area and left ventricular performance

Passive emptying

Active contraction

(100—%LA2)

(100-%LA2)  (%LA3—%LA4) (%LA3—9%LA4) %LA4
*AP (n=11) vs OMI (n:irl) p<0.01 ns p<0.02 ns (p=0.07)
**LVEF (n=22) ;=< %:70% ) ns ;=< % ..6031, e
**LVEDP (n=16) ;=<a%-558» ns ns = % ..%51,
**PAWP (n=16) ns ; =< 8.% . 56, ns ;=< % 6031

* unpaired t-test; ** correlation coefficient analysis.
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Fig. 6. Passive atrial emptying vs left ventric-

ular ejection fraction (LVEF).
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Fig. 7. Active atrial contraction vs LVEF.
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Fig. 8. Minimum atrial area vs left ventricular
end-diastolic pressure (LVEDP).
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is less invasive and more simple than conven-
tional cineangiography. Furthermore, the DSA
method has considerable benefits with respect
to image processing.

Echocardiography is generally a non-invasive,
simple and excellent method for cardiac eval-
uation. However, it is sometimes impossible
to obtain an adequate acoustic window for good
visualization of the region of interest in obese
patients, the elderly, patients with pulmonary
disease, and in patients who have undergone
cardiac surgery. It is not always easy to obtain
an image of the entire left atrium in one section
to facilitate observation of changes occurring
during the cardiac cycle!?,

Radionuclide angiocardiography does not
seem to provide sufficient spatial and temporal
resolution for analyzing left atrial function by
the summation of many heart beats?.

DSA facilitates visualizing the entire left
atrium, including the left auricle and the roof
of the atrium (Fig. 1). In the present study,
we only analyzed images obtained in the right
anterior oblique projection, because our DSA
system did not allow biplane image acquisition
or electrocardiogram-gated acquisition. More
precise analysis would have been possible if left
anterior projections and ECG-gated images had
been studied.

In the present study, we mainly analyzed the
fractional changes of the left atrial area. With
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DSA, as with conventional cineangiography, it
is also possible to calculate the absolute value of
the left atrial area in a right anterior oblique
projection with the magnification constant of
the image taken into consideration. However,
it is not very easy to determine the exact value
of the magnification constant for each patient.
Therefore, to avoid errors induced by variations
in magnification constant, we analyzed the frac-
tional changes in the left atrial area.

The left atrium has 3 functions; it acts as a
reservoir, a pump, and a conduit’~?. Indirect
evaluations of left atrial function have consisted
of analyses of left ventricular diastolic function
using left ventricular angiography®, radionu-
clide angiocardiography4-16  and Doppler
echocardiography®1. It is difficult to separate
the left atrial reservoir and conduit functions in
studies based on left ventricular diastolic func-
tion. However, DSA enabled direct analysis of
the left atrial function during the cardiac cycle.
The left atrium showed a bimodal decrease in
area during left ventricular diastole (passive
atrial emptying and active atrial contraction)®&7"
(Figs. 2, 3, 5), and these changes seemed to
reflect the reservoir and pump functions of the
left atrium. The left atrium showed a slight
increase in area during atrial diastasis in the AP
patients, but not in the OMI patients (Figs. 2,
3, 5). Therefore, the atrial reservoir function in
early left ventricular diastole (9%,LA1—9,LA2)
was separated from its reservoir function prior
to left atrial contraction (%,LA3—9%,LA2).

Passive left atrial emptying for the OMI
group was less than that for the AP group (Fig.
5). It was also decreased in patients with left
ventricular dysfunction who had a decrease in
LVEF (Fig. 6) or an elevated LVEDP. This
change in atrial emptying seemed to reflect
changes in early left ventricular diastolic func-
tion in the patients with left ventricular systolic
dysfunction!419),

Active atrial contraction, which occurs during
left ventricular end-diastole, did not decrease in
the patients with left ventricular dysfunction.
The ratio of left atrial passive emptying to ac-
tive contraction [(100—9,LA2)/(%LA3—9%LA

Left atrial function by DSA

4)] had a positive correlation with LVEF (Table
2). This suggested the increased importance of
active atrial contraction in the patients with left
ventricular dysfunction!~®.

The minimum left atrial area after active con-
traction (9,LA4) showed a positive correlation
with both LVEDP and PAWP (Figs. 8, 9), sup-
porting the hypothesis that Starling’s law is
operative not only in the left ventricle but in the
left atrium as well’®,

In the present study, we evaluated the differ-
ence of left atrial function between the AP and
OMI groups, and also analyzed left atrial func-
tion in 22 patients. However, the left atrial
function of normal subjects without myocardial
infarction or chest pain was not assessed in this
study. Comparison of left atrial function of
patients with heart disease and of normal sub-
jects should be made in the future.

Clinical implication

DSA facilitated visualizing the entire left
atrium and evaluating changes in its shape, size
and function during the entire cardiac cycle in
patients with ischemic heart disease. A bimodal
decrease in the left atrial area (passive emptying
and active contraction) was clearly demonstrated
in these patients, all of whom were in sinus
rhythm.

In the patients with left ventricular dysfunc-
tion due to ischemic heart disease, passive left
atrial emptying was decreased and the impor-
tance of active left atrial contraction (pump
function) was increased.

DSA proved to be a useful method for evalu-
ating the left atrium and its functions.

E#IRE DSA 2k 2RO ORBIZETIER
HEED BRAT
PRKRFRRESR AR, "R e

BRI, BXEYT, RE ®
BiRE—, NI B, 2T,
RRAERE, R K
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R RERE I, EFEIRME digital sub-
traction angiography (DSA) #4742 wv, EE®
SEGEHEHL, DA BREELZBEL
EEBE LT L. MIERRERRWRFRERD
R MRS (55 22 4, SEX4EHE 54.5£8.6 1%) &
St & Lic. ARG IAMOHEZE 114] (OMI
) LOmEEC R VWREEE 11 6] (AP ) o
28 Th%. Continuous mode % fv» DSA %
Flrot. FRBIRICEBLEDF—F A0
FAI35ml 2% 18ml TEAL, HRiRMEL 30
ETEM 0 7v—-L0ENEGRY B ERE
EZEOW®EEZ ML —2 L, 2OEMEERD, HH
Tl EHRTRDL LTHRMN L. EZEHSE
(LVEF) 1% densitometry iz X W EH L7z. 16 fi
TIRDMEED 77— T VIRE 2ER L, EZEIREH
E (LVEDP), E#RGBIREAE (PAWP) %4
7z,

DSA X VEEO2EGBRBRIF CHilH &
7o. BeRl-EREHhR TR, EREEREBREE
HicBEAME (%LA1=100%) % & v, ESIRE
12 ZBHIR L 2R L (% LA2), ZE=IESHic
R 2 20 Lictk (W LA3), & D rEBIRINGE
X VB LEB/ME (WLAY) Lotz 4D
b, ERERIIESIGERC B OB (8
KR X OREBINY) 2R L.

ZENRIIHE (% LA1—-%LA2) ix OMI g AP
Y VIEE &7 L (6.3£3.6 % 13.3+4.8%, p
<0.01), £fEFlics W Tid LVEF LEDOHEE (r
=0.70, p<0.001), LVEDP r & o4l (r=
—0.58, p<0.05) %75 L. REBhAIIHE (% LA3—
%LA4) X 2B THEBEZE 2RO 3 (OMI# :26.0
+5.7%, AP B :28.2+8.4%), £EFIZENT
LVEF, LVEDP LiHBAZR & 2 4 - 2. ZH)
By UL HE & BB Bh A9 ILAE © bk [(%LA1—9%LA2)/
(%LA3—9%LA4)] i LVEF LrEniEEZRL
7z (r=0.63, p<0.01). LVEF {&TF#I Tz EEHL
R LIEE S h, EREOREBIRIE »SHEx
BICEEDZ LdSR&niz. %LA4 13 LVEDP
BLO PAWP LEEDHBEZR LIz (FhTh 1=

0.65, r=0.63, p<0.01). DSA iz & Y EED4HE
BR X i TE, EEOWEE L EEE DT 7]
BETH o1z
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