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SUMMARY
Assessment of the association between pre-treatment and post-treatment left
atrium size and severity of disease in patients with acute pulmonary
embolism by using computed tomography pulmonary angiography
Introduction: As far as we know, left atrium (LA) imaging findings of
pre-treatment and post-treatment nonmassive, submassive and massive acute
pulmonary embolism (APE) have not been reported in literature. The aim of
this study is to assess LA sizes of nonmassive, submassive and massive APE
before and after treatment with computed tomography pulmonary angiography
(CTPA) and to research whether there are differences between groups.
Materials and Methods: Sixty two adult APE patients (21 nonmassive, 31
submassive and 10 massive) who were diagnosed with CTPA and who had
post-treatment follow-up images and recorded clinical information were
included in the study. Pre-treatment and post-treatment LA sizes of all groups
were measured by two radiologists independently.
Results: The lowest pre-treatment LA size was found in massive APE and this
difference was found to be statistically significant when compared with
submassive (p= 0.001) and nonmassive (p< 0.001) groups. In addition,
submassive APE patients were found to have lower LA size when compared
with nonmassive APE patients (p= 0.006). In massive and submassive APE,
post-treatment LA sizes were found to be statistically significantly higher when
compared with pre-treatment (p< 0.001 for both groups). However, in
nonmassive APE patients, pre-treatment and post-treatment LA size difference
was not found to be statistically significant (p= 0.082).
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Conclusion: As the severity of APE increases, LA size decreases. Thus, a decrease LA size during APE can show increased APE severity.
This study reported that LA size increased statistically in post-treatment massive and submassive APE patients when compared with
pre-treatment. These results suggest that in APE patients, as a response to treatment, LA size can be an additional parameter reflecting
the changes in cardiac morphology.
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ÖZET
Akut pulmoner emboli hastalarında tedavi öncesi ve sonrası sol atriyum boyutu ve hastalığın şiddeti arasındaki ilişkinin
bilgisayarlı tomografi pulmoner anjiyografi ile değerlendirilmesi
Giriş: Bildiğimiz kadarıyla literatürde tedavi öncesi ve sonrası nonmasif, submasif ve masif akut pulmoner emboli (APE)’nin sol atriyum (LA) görüntüleme bulguları raporlanmadı. Bu çalışmanın amacı nonmasif, submasif ve masif APE’nin tedavi öncesi ve sonrası
bilgisayarlı tomografi pulmoner anjiyografi (BTPA) ile LA boyutlarını değerlendirmek ve gruplar arasında farklılık olup olmadığını
araştırmaktır.
Materyal ve Metod: BTPA ile tanı alan, tedavi sonrası takip görüntülere ve kayıtlı klinik bilgiye sahip 62 erişkin APE hastası (21 nonmasif, 31 submasif ve 10 masif) çalışmaya dahil edildi. Tüm grupların tedavi öncesi ve sonrası LA boyutları iki radyolog tarafından
birbirinden bağımsız ölçüldü.
Bulgular: Tedavi öncesi tüm grupta LA boyutu en düşük masif APE'de olup bu farklılık istatistiksel olarak submasif (p= 0.001) ve
nonmasif (p< 0.001) gruplara göre anlamlıydı. Ayrıca submasif APE hastaları nonmasif APE hastalarına göre daha düşük LA boyutuna
sahipti (p= 0.006). Masif ve submasif APE'de tedavi sonrası LA boyutları tedavi öncesine göre istatistiksel olarak anlamlı yüksekti (her
iki grup için p< 0.001). Fakat nonmasif APE hastalarında tedavi öncesi ve sonrası LA boyut farklılığı istatistiksel olarak anlamlı değildi
(p= 0.082).
Sonuç: APE'nin şiddeti arttıkça LA boyutu azalmaktadır. Bu yüzden APE sırasında azalmış bir LA boyutu artan APE şiddetini gösterebilir. Bu çalışma tedavi sonrası masif ve submasif APE hastalarında tedavi öncesine göre LA boyutunun istatistiksel olarak arttığını
raporladı. Bu sonuçlar LA boyutunun APE’li hastalarda tedaviye yanıt olarak kardiyak morfolojideki değişiklikleri yansıtan ek bir
parametre olabileceğini düşündürmektedir.
Anahtar kelimeler: Bilgisayarlı tomografi pulmoner anjiyografi; sol atriyum boyutu; akut pulmoner emboli

INTRODUCTION
Acute pulmonary embolism (APE) is a common
disease that can cause mortality and morbidity (1).
Computed tomography pulmonary angiography
(CTPA) is the currently preferred method for the
diagnosis of APE (2,3). Right ventricle dysfunction
(RVD) occurs as a direct result of acute obstruction of
the main branches of pulmonary artery (4). Right
ventricle (RV) following massive APE has been welldefined in computed tomography (CT). CTPA showed
that it can contribute to determining the risk in APE
patients by showing the increase in RV/left ventricle
(LV) diameter rate which represents the assessment of
RVD (5-9).
Insufficient filling of left atrium (LA) in APE can result
from mechanisms which include decreased preload,
decreased afterload and precardial tension. Decreased
LA volume resulting from low filling can accompany
significant obstruction of pulmonary arteries (10,11).
Although CT findings of RVD have been well-defined
in APE in literature, few studies related with LA volume
have reported that decreased LA volume can be
associated with higher mortality (11,12).
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Aviram et al. showed that a higher pulmonary artery
thrombus load in APE is associated with a smaller LA
area and greater RA area (13). Ocak et al. defined
massive pulmonary pre-embolism and post-embolism
LA volume imaging findings with three patients for the
first time (10). In their study, they reported with CTPA
that pre-treatment LA volume increased statistically
significantly (p< 0.01). In submassive pulmonary
embolism (PE), mortality is between 5-15% and
advanced risk assessment should be conducted to find
out the group with high mortality risk. In nonmassive
APE, when patients’ cardiac biomarker positivity or
right ventricle dysfunction symptom is found with a
mortality rate between 0.7-1.2%, these patients should
be included in submassive APE risk group (14,15). As
far as we know, LA imaging findings of pre-treatment
and post-treatment nonmassive, submassive and
massive APE have not been reported in literature.
The aim of this study is to assess LA sizes of
nonmassive, submassive and massive APE before and
after treatment with CTPA and to research whether
there are differences between groups.
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MATERIALS and METHODS
Patients
This study was approved by the ethical committee of
our university. The hospital’s medical data base was
used for this retrospective study. CTPA images of 591
adult patients who referred to our emergency service
with a suspicion of APE between May 2014-June 2016
were examined retrospectively. APE was diagnosed in
286 patients with CTPA. One hundred and fifty-nine
patients were excluded from the study since they did
not have post-treatment follow-up images. Fourteen
patients were excluded from the study due to
insufficient images of the heart. Fifty one patients who
did not have clinical information which included
predisposing factor, transthoracic echocardiography
findings, ejection fraction, heart pressure and heart
rate were excluded from the study. As a conclusion, 62
patients [30 males, 32 females; average age (± SD),
65.2 ± 14.3 years; age range, 21-88 years] were
included in the study. The patients were grouped as
massive, submassive and nonmassive pulmonary
embolism according to their clinical and
echocardiography findings. If the patients who were
found to have systemic low blood pressure on
admission to hospital or syncope history also had RV
dysfunction symptoms in echocardiography, they were
grouped as massive pulmonary embolism. The patients
who had normal systemic blood pressure and RV
dysfunctions in the echocardiography but no syncope
history were grouped as submassive pulmonary
embolism. Patients who had normal systemic blood
pressure and RV functions were grouped as nonmassive
pulmonary embolism. Twenty one patients were
diagnosed with nonmassive APE [9 males, 12 females;
average age (± SD), 64.1 ± 13.7 years], 31 patients
were diagnosed with submassive APE [16 males, 15
females; average age (± SD), 65.9 ± 14.6 years] and 10
patients were diagnosed with massive APE [5 males, 5
females; average age (± SD), 65.5 ± 13.1 years] APE.
Computer Tomography Technique
16-detector multi-section computer tomography (CT)
(Aquilion TSX-101A; Toshiba Medical Systems
Corporation, Tokyo, Japan) was applied on all APE
patients. Scanning parameters were made with 250
mAs, 120 kV, pitch 1, 16 x 1 mm collimation, 1 mm
reconstruction range and 1 mm section thickness.
With the topogram image taken when the patients
were in supine position, the area from aortic arc level
to the diaphragm was determined as examination

area. These patients were given 120 mL nonionic
iodine contrast matter (Ultravist 370; Bayer Schering
Pharma, Berlin, Germany) with automatic injector
(Ulrich Medizintechnik, Ulm, Germany) 4 mL in a
second through catheter from antecubital vein when
the patients were in supine position. PBTA scanning
was done 20 seconds after injection started.
Computer Tomography Assessment
CT images of all patients were transferred to Vitrea 2
(Vital Images, Inc. Minnetonka, MN, USA) work
station. Two radiologists (K.A. and A.V.P., with 8-15
years of experience, respectively) measured the LA
sizes of patients with massive, submassive and
nonmassive pulmonary embolism independently and
randomly in the workstation. The measurements were
obtained from axial images. For all measurements,
axial image in which atrium was visually maximum
was chosen. Thus, the measurement of LA size was
made with ROI drawn with free hand by two
radiologists over the axial image in which atrium was
maximum. Pulmonary veins were excluded from LA
area measurement. Two radiologists were blind to the
clinical presentation of the patients and the results of
other imaging techniques.
Statistical Analysis
Statistical Package for the Social Sciences (IBM SPSS
Statistics version 21; IBM, Armonk, NY, USA) program
was used for statistical analysis. Categorical variables
were expressed as frequency and continuous variables
were given as average ± standard deviation (SD) and
proper range. Kolmogorov-Smirnov test was used to
assess the normal distribution of numerical data.
Kruskal wallis test and One-way Anova test were used
to compare pre-treatment intergroup (nonmassive,
submassive and massive) and post-treatment LA sizes
of APE and Wilcoxon signed-rank test was used to
compare pre-treatment and post-treatment intragroup
LA sizes of APE. Inter-rater agreement was assessed by
using intraclass correlation coefficient (ICC). It was
thought that an ICC higher than 0.80 represented a
excellent agreement. Statistical significance threshold
was determined as p< 0.05.
RESULTS
Table 1 shows demographical and clinical characteristics of nonmassive, submassive and massive APE.
Table 2 summarizes average ± SD values of pretreatment and post-treatment LA sizes for nonmassive,
submassive and massive APE and the average values of
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Table 1. Demographic and clinical characteristics of patients
Nonmassive
(n= 21)

Submassive
(n= 31)

Massive
(n= 10)

APE
p (massive
-submassive)

p (masif
-nonmasif)

p (nonmasif
-submasif)

64.1 ± 13.7

65.9 ± 14.6

65.5 ± 13.1

0.896

0.653

0.431

Age (y)
Sex
Female
Ejection fraction (%)
Blood pressure (mmHg)

12/(57%)

15 (48%)

5 (50%)

0.712

0.326

0.091

64.9 ± 11.7

56.1 ± 10.2

44.7 ± 9.3

0.006

< 0.001

0.01

112/74

110/71

90/57

0.02

0.031

0.865

Predisposing factors (n)
Genetic

0 (0%)

2 (6.5%)

0 (0%)

16 (76.2%)

22 (71%)

8 (80%)

0 (0%)

1 (3.2%)

0 (0%)

Malignancy

2 (9.5%)

4 (12.9%)

2 (20%)

Trauma

3 (14.3%)

2 (6.4%)

0 (0%)

Immobility
Cardiac

APE: Acute pulmonary embolism.

Table 2. Pre-and post-treatment left atrium sizes of APE patients and related statistical analyses

LA size (cm2)

Nonmassive
mean ± SD

Submassive
mean ± SD

Massive
mean ± SD

APE
p (massivesubmassive)

p (massivenonmassive)

p (nonmassivesubmassive)

Pre-treatment

23.1 ± 3.6

19 ± 3.2

15.3 ± 2.9

0.001

< 0.001

0.006

Post-treatment

23.8 ± 3.5

23.2 ± 3.1

24.1 ± 3.4

0.096

0.284

0.163

0.082

< 0.001

< 0.001

Differences pre-and
post-treatment (p value)

APE: Acute pulmonary embolism, LA: Left atrium.

difference in size and also statistical analysis related
with LA size. The lowest pre-treatment LA size was
found in massive APE and this difference was found to
be statistically significant when compared with
submassive (p= 0.001) and nonmassive (p< 0.001)
groups (Figure 1). In addition, submassive pulmonary
embolism (PE) patients had lower LA size when
compared with nonmassive PE patients and this
difference was statistically significant (p= 0.006)
(Figure 2,3). No statistically significant difference was
found between post-treatment LA sizes of all APE
groups (massive-submassive, p= 0.096; massivenonmassive, p= 0.284; nonmassive-submassive, p=
0.163).
In massive and submassive APE, post-treatment LA
sizes were statistically higher than pre-treatment (p<
0.001 for both groups) (Figure 1,2). However, pretreatment and post-treatment LA size difference was
not statistically significant in nonmassive APE patients
(p= 0.082) (Figure 3).
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Figure 1. Seventy one year old male patient with massive acute
pulmonary embolism (APE). Axial pulmonary computed tomography angiography image at level of left atrium obtained before
treatment for massive APE (A) show small size of left atrium
compared with image after treatment of massive APE (B).
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submassive APE patients when compared with pretreatment (p< 0.001 for both groups); however, no
statistical difference was found in nonmassive group
(p= 0.082). Our study suggest that LA size can be an
additional parameter that can be assessed as response
to therapy in patients with APE.

Figure 2. Fifty six year old male patient with submassive acute
pulmonary embolism (APE). Axial pulmonary CT angiography
image at level of left atrium obtained before treatment for submassive APE (A) show small size of left atrium compared with
image after treatment of submassive APE (B).

Figure 3. Sixty five year old female patient with nonmassive acute
pulmonary embolism (APE). Axial pulmonary CT angiography
images (A,B) show no difference in pre-treatment and posttreatment left atrium size.

Agreement for post-treatment nonmassive, submassive
and massive APE LA size measurements was excellent
between the two radiologists (ICC= 0.895, 0.941 and
0.926, respectively).
DISCUSSION
The primary finding of our study is that as APE severity
increases (nonmassive < submassive < massive), LA
size decreases inversely proportionally (massive <
submassive < nonmassive). Since it is fast and easy to
assess LA with CTPA, it can be used in determining
patients with severe APE who can be under risk. In
addition, post-treatment LA sizes of APE groups were
reported for the first time in literature and it was shown
that LA size increased significantly in massive and

While mortality rate is between 0.7-1.2% in
nonmassive APE, it differs between 5-15% in
submassive APE. Advanced risk assessment should be
made to find out the group with bad prognosis, high
mortality risk and in need of thrombolytic treatment
among submassive APE cases. In addition, when
cardiac biomarker positivity or right ventricle
dysfunction finding is found in nonmassive APE
patients, these patients should be added in submassive
APE risk group (14,15). Most of the computed
tomography pulmonary angiography (CTPA) studies
reported that RVD should be assessed in relation to
APE (5-9,16,17). However, few studies in literature
about LA volume reported that decreased LA volume
can be associated with higher mortality (11,12). In
addition, decreased LA size due to decreased venous
return as a result of the high clot load in APE was
reported only in case reports (10,18).
Results of pathophysiological studies showed anatomic
obstruction caused by embolism, release of
vasoconstrictive agents and an increase in pulmonary
vascular resistance in APE (19). The sudden increase in
pulmonary vascular resistance can cause RV dilatation
which is a cause of death in APE and insufficiency in
extreme pressure load. The decrease in stroke volume
of RV can cause sudden deficit filling of LA and a
decrease in pulmonary venous return. This situation
can cause decreases in LV frontal load, cardiac output, systemic blood pressure and coronary perfusion
and consequently circulation failure (20,21). The
decrease in LA volume resulting from increased
hemodynamic load caused by increased pulmonary
vascular resistance accompanying APE can be more
obvious than the changes in ventricular level. This
situation was defined with three patients by Ocak et al.
for the first time in literature (10). This study reported
that with CTPA post-treatment LA volume increased
statistically significantly in massive APE (p< 0.01).
Similarly, it was shown in our study that post-treatment
LA size increased statistically in massive and
submassive APE patients when compared with pretreatment (p< 0.001, for both groups), while there was
no statistical difference in the nonmassive group (p=
0.082).
Tuberk Toraks 2019;67(1):1-7
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Aviram et al. showed that a higher pulmonary artery
clot load was associated with a smaller LA area and a
larger RA area in evaluating the relationship between
the embolic obstruction grade and the LA and RA
areas in APE (13). In their study they reported that LA
sizes in CTPA could be used an early parameter
reflecting changes in cardiac morphology due to
pulmonary artery obstruction and that they could
contribute to a more comprehensive risk assessment in
APE patients. As far as we know, this is the first study
showing an association between APE severity
(nonmassive, submassive and massive) and LA size. In
our study, we reported that pre-treatment LA sizes
were the greatest for nonmassive APE patient group
and as APE severity increased, LA sizes decreased
(smallest LA sizes in massive group). Pre-treatment LA
sizes of patients with massive APE were statistically
significantly lower when compared with submassive
(p= 0.001) and nonmassive (p< 0.001) groups. In
addition, LA size difference between submassive and
nonmassive groups was statistically significant (p=
0.006). Increased APE severity can result in a decrease
in pulmonary venous return to LA. RV dysfunction
does not only cause a deterioration in LV diastolic
filling, it also causes an enlargement of RA due to
increase in RV-RA filling pressures and this in turn
causes compression and decrease in neighboring LA
sizes (22).
Our study had some limitations. The first of these was
using nongated CTPA to assess LA size. Since images
represent the averages of systole and diastole in this
method, myocardial boundaries will become
somewhat blurred. The volumes calculated this way
cannot be associated with any special phase of
cardiac cycle. The aim of this study is to examine the
data obtained in the routine clinic in which nongated
CT scans are made. Second limitation was using field
measurements rather than volumetric measurements.
Aviram et al. reported that CTPA can be a fast tool
which can differentiate between cardiac responses in
central or peripheral PE with automatic volumetric
analysis (23). To confirm the results of our study,
studies should be conducted which measure LA with
automatic volumetric analysis software programs.
Third limitation was the relatively small number of
APE groups. Lastly, since our study was retrospective
and since we did not know whether the reason of
death within 30 days was associated with APE in APE
patient groups (nonmassive, submassive and massive),
we could not obtain sufficient data bout the association
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between our results and patients’ results. Prospective
studies are needed to compare large APE groups and
LA sizes and to research whether it should guide
intergroup risk assessment and treatment decisions.
Conclusion
Our study was based on LA size measurement
obtained from routine nongated CTPA in APE group
(nonmassive, submassive and massive). The results of
our study showed that a higher pre-treatment APE
severity was associated with a smaller LA area. For this
reason, the presence of a decreased LA size during
APE can be used in assessing APE severity. In addition,
this study reported that post-treatment LA size
increased statistically in massive and submassive APE
patients (p< 0.001 for both groups) when compared
with pre-treatment, while no statistical difference was
found in nonmassive group (p= 0.082). Our study
shows that LA size can be an additional parameter
reflecting cardiac morphology changes as a response
to treatment in APE patients.
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