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Abstract

Objective: To explore the clinical importance of the distribution of pulmonary artery embolism
in acute pulmonary embolism (APE).

Methods: Sixty-four patients with APE were classified into mixed-type and distal-type pulmo-
nary embolism groups. Their right ventricular systolic pressure (RVSP) and disease duration were
recorded, and the diameter of their right ventricles was measured by ultrasound. The computed
tomography angiographic clot load was determined as a Mastora score.

Results: Patients with distal-type pulmonary embolisms had significantly lower RVSPs (44.92
17.04 vs 55.69 £ 17.66 mmHg), and significantly smaller right ventricular diameters (21.08 £ 3.06
vs 23.37 +-3.48 mm) than those with mixed-type pulmonary embolisms. Additionally, disease
duration was significantly longer in patients with distal-type pulmonary embolisms (14.33 &
I11.57 vs 8.10+7.10 days), and they had significantly lower Mastora scores (20.91% + 18.92%
vs 43.96% + 18.30%) than patients with mixed-type pulmonary embolisms. After treatment,
RVSPs decreased significantly in patients with both distal-type and mixed-type pulmonary emb-
olisms. Right ventricle diameters also decreased significantly in patients with mixed-type pulmo-
nary embolisms after treatment.

Conclusion: Patients with mixed-type pulmonary embolisms are significantly more susceptible
to pulmonary hypertension, enlarged right ventricular diameters, and shorter durations of dis-
ease than those with distal-type pulmonary embolisms. The distribution of pulmonary artery
embolism in APE can provide a clinical reference.
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Introduction

Acute pulmonary embolism (APE) is a
common and potentially fatal disease with
a mortality of 8% to 15% despite effective
anticoagulation treatment.! It occurs fol-
lowing intrapulmonary changes, which
lead to a series of cardiopulmonary conse-
quences that can even cause sudden death
in severe cases. Additionally, acute pulmo-
nary arterial hypertension (APAH) greatly
influences its prognosis. Clinical symptoms
play a pivotal role in the diagnosis of pul-
monary embolism, and diagnosis may be
delayed because of atypical symptoms that
are easily ignored; however, a delayed diag-
nosis and treatment can result in poor prog-
nosis. The diagnostic imaging of computed
tomography  pulmonary  angiography
(CTPA) can identify different locations of
pulmonary embolisms, and determine if
they are accompanied by pulmonary infarc-
tion. The present study aimed to investigate
the distribution of pulmonary artery embo-
lisms, time to diagnosis, right ventricular
systolic pressure (RVSP), right ventricular
diameters, and other indicators to provide
clinical references for the diagnosis and
treatment of APE.

Materials and Methods

Ethics statement

This retrospective study was approved by
the Ethics Committee of Linyi People’s
Hospital (Linyi, China; approval no.
YX30056). It was conducted in accordance
with the Declaration of Helsinki. The

requirement for informed consent was
waived by the Ethics Committee because
of the retrospective nature of this study.
Nevertheless, patient data were protected
for confidentiality.

Study subjects

Sixty-four patients (25 women and 39 men)
with APE who were admitted to Linyi
People’s Hospital between June 2018 and
December 2019 were enrolled in the study.
All patients were diagnosed by CTPA
before admission. Patient hemodynamics
were stable upon admission, and blood
gas analysis and cardiac ultrasound were
performed. Patients were given low-
molecular-weight heparin and calcium com-
bined with warfarin, and their international
normalized ratios were maintained at 2 to 3.
All patients were followed-up with CTPA,
cardiac ultrasound, routine blood analysis,
and coagulation function testing after 1
month of treatment. According to the
2014 European Society of Cardiology
Guidelines,” patients with a disease dura-
tion exceeding 30 days were excluded from
the study. Patients with cardiopulmonary
diseases, such as heart valve disease, chron-
ic obstructive pulmonary disease, and pul-
monary heart disease, were also excluded.

CTPA imaging characteristics

Thromboembolism was determined by the
location of the thrombus. The following
three locations were identified: (I) proximal
thrombus, which only involved the main
pulmonary artery trunk, right and left pul-
monary arteries, and lobar artery; (II) distal
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thrombus, which only involved the segmen-
tal and/or subsegmental artery; and (III)
mixed-type thrombus, which was defined as
a thromboembolism involving both proxi-
mal and peripheral pulmonary arteries.

No proximal-type embolisms were iden-
tified, so patients were assigned to two
groups depending on whether they had
mixed-type or distal-type pulmonary embo-
lisms. All patients were examined on a 64-
channel dual-source CT system (Somatom
Definition, Siemens Medical Solutions,
Forchheim, Germany) using acquisition
parameters: 120 kV, 125 effective mAs, col-
limation of 0.6 mm, pitch of 1.4, rotation
time of 0.5 s, and a reconstructed slice
thickness of 2 mm. Contrast enhancement
was achieved through antecubital venous
access with a contrast volume of 100 mL
Tomeprol-400 (Iomeron, Bracco Imaging
S.p.-A., Milan, Italy), followed by a saline
flush of 30 mL with an injection rate of 4
mL/s. In all examinations, the entire chest
was examined in the caudocranial direction
during deep inspiration breath hold. From
each dataset, the following images were con-
structed: (a) diagnostic images, consisting of
continuous 1-mm-thick lung (a medium
sharp kernel (B50f)) and mediastinal (a soft
kernel (B20f)) images; and (b) perfusion
images (2-mm thickness; 1-mm intervals;
D23  kernel) using dual-energy post-
processing software (Syngo MultiModality;
Siemens Healthcare, Erlagen, Germany).

The CT images were read by two radiol-
ogists in a randomized order and the CT
angiographic clot load score was obtained
using Mastora scoring.” The scoring system

included five mediastinal arteries (main pul-
monary artery, right and left pulmonary
arteries, and right and left interlobar pul-
monary arteries), six lobar pulmonary
arteries, and 20 segmental arteries (three
in the upper lobes, two in the middle lobe
or lingual area, and five in the lower lobes
on each side). The severity score was
adopted based on the percentage of luminal
obstruction in the arteries by emboli, and
each artery was scored from 0 to 5 (where
0=0%, 1=1%24%, 2=25%-49%,
3=50%-74%, 4=75%-99%, and 5=
100%). Summing the scores of mediastinal,
lobar, and segmental arteries gave a global
score with a maximum of 155, correspond-
ing to a 100% obstruction index (Table 1).

Transthoracic echocardiography

All patients underwent standard echocardio-
graphic assessment using GE Vivid S5 ultra-
sound (GE Healthcare, Chicago, 1L, USA)
including  two-dimensional, pulsed-wave
Doppler, color Doppler, and M-mode echo-
cardiography with 2.5- to 4.0-MHz trans-
ducers. The following measurements were
retrospectively measured in all patients: the
diameter of the main pulmonary artery,
diameters of right and left pulmonary arter-
ies, the anteroposterior diameter of right and
left ventricles, the right ventricular volume in
the systolic and diastolic phase, the thickness
of the right ventricular anterior wall, and
the interventricular  septum  thickness.
Echocardiographic examinations were under-
taken at diagnosis and at the Il-month
follow-up. Additionally, videotapes of the
echocardiograms were read by a highly

Table I. Location of the thrombus and corresponding Mastora score.

Range of Mastora

Thrombus location Arteries scored score
Distal thrombus 20 segmental 0-100
Proximal thrombus Five mediastinal and six lobar 0-55

Mixed-type thrombus Five mediastinal, six lobar, and 20 segmental 0-155
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experienced echocardiographer, who was
blinded to clinical data. The anteroposterior
diameter of the right ventricle in end-diastolic
period was measured at the four-chamber
view. Right ventricular dilatation was defined
as a right ventricular diastolic anterior—poste-
rior diameter >26 mm. Pulmonary hyperten-
sion was defined as a RVSP >40 mmHg. The
right ventricular—right atrium (RV-RA) gra-
dient was estimated by the peak velocity of
the tricuspid regurgitant flow signal using the
simplified Bernoulli equation (continuous-
wave Doppler in apical 4-chamber view),
and RA pressure was estimated from the
end-expiratory diameter and respiratory
changes in the inferior vena cava in subcostal
view.

Statistical analysis

Statistical analysis was performed using SPSS
25.0 software (IBM Corp., Armonk, NY,
USA). Continuous variables were compared
by the Student’s t-test, and categorical variables
were analyzed by the chi-squared test. P < 0.05
was considered statistically significant.

Results

Of the 64 patients with pulmonary embolism,
25 were female and 39 were male. The median
age of patients with distal-type pulmonary
embolisms was 60.83 + 11.02 years, and the
median age of patients with mixed-type pul-
monary embolisms was 59.35 4 14.45 years.
No patients had a central pulmonary
embolism. Distal-type pulmonary embolisms
occurred in 12 patients (18.75%), mixed-
type pulmonary embolisms in 52 patients
(81.25%), and 54 patients had APAH
(84.36%). In the distal-type pulmonary
embolism group, seven patients had pulmo-
nary hypertension (58.33%), compared with
47 patients in the mixed-type pulmonary
embolism group (90.38%; P < 0.05). Eleven
patients had an enlarged right ventricle
diameter (17.19%), and significantly more

patients with mixed-type pulmonary embo-
lisms had an enlarged right ventricular diam-
eter compared with those with distal-type
pulmonary embolisms (P < 0.05).

The average time to diagnosis in the distal-
type pulmonary embolism group was
significantly longer than in the mixed-type
pulmonary embolism group (14.33+11.57
days vs 8.10+7.10 days, respectively;
P <0.05). Moreover, Mastora’s index was
significantly lower in the distal-type pulmo-
nary embolism group than in the mixed-
type pulmonary embolism group (20.91% +
18.92% vs 43.96% =+ 18.30%, respectively;
P <0.05) (Table 2).

Figure 1 shows the CT characteristics of
a 58-year-old male patient in the distal-type
pulmonary embolism group who was
admitted to hospital because of chest tight-
ness after activity for 20 days. CTPA found
a pulmonary artery embolus in the pulmo-
nary segment arteries but no thrombus in
the left and right pulmonary arteries or
lobar arteries. Color Doppler ultrasound
revealed a right ventricle diameter of
22mm and an RVSP of 30 mmHg.

Figure 2 shows the CT characteristics of a
69-year-old male patient in the mixed-type
pulmonary embolism group who was admit-
ted to hospital because of dyspnea for 7 days.
CTPA showed that the embolism was distrib-
uted in left and right pulmonary arteries, left
and right pulmonary lobe arteries, and pul-
monary segment arteries. Color Doppler
ultrasound revealed a right ventricular diam-
eter of 32mm and an RVSP of 56 mmHg.

Changes in the RVSP and right ventricle
diameter after anticoagulant treatment

One month after anticoagulant treatment,
color Doppler ultrasound was performed
to evaluate changes in the RVSP and right
ventricle diameter. The RVSP after treat-
ment was significantly lower than that
before treatment in both patient groups
(P <0.05). Similarly, the right ventricle
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Table 2. Effects of pulmonary embolism distribution.

Distal-type thrombus Mixed-type thrombus

Parameter (n=12) (n=152) P-value
Male 8 (20.51%) 31 (79.49%) 0.902
Female 4 (16.00%) 21 (84.00%)

Age (years) 60.83 +11.02 59.35+14.45 0.740
Mastora score (%) 2091 £18.92 43.96 +18.30 <0.001
Duration of disease (days) 1433 £11.57 8.10+7.10 0.019
RVSP before treatment (mmHg) 4492+ 17.04° 55.69 + 17.66° 0.042
RVSP after treatment (mmHg) 39.08 + 16.85% 39.21 +£20.42° 0.750
RVD before treatment (mm) 21.08 4 3.06™° 23.37 £ 3.48° 0.048
RVD after treatment (mm) 21.50+ 1.78"° 21.79 £2.67° 0.972

Lowercase superscript letters represent significant differences in comparisons: %, P=0.018; b, P<0.001; ¢, P=0.021; NS,

not significant.

RVSP: right ventricular systolic pressure, RVD: right ventricular diameter.

Figure I. CT characteristics of a patient with a distal-type pulmonary embolism. No thrombus was seen in
the left and right pulmonary arteries or lobar arteries (a). A pulmonary artery embolus was distributed
mainly in the pulmonary segment arteries (b). Red arrows represent embolisms.

CT, computed tomography.

diameter after treatment was significantly
smaller than before treatment in the
mixed-type pulmonary embolism group
(P<0.05). However, this difference was not
significant in the distal-type pulmonary
embolism group. Comparing the two
groups after treatment, no significant dif-
ference was seen in the RVSP or in the
diameter of the right ventricle (Table 2).

Discussion

CTPA is used to assess the distribution of
pulmonary embolism, and can readily

distinguish distal-type from mixed-type
pulmonary embolisms. Cardiopulmonary
changes are the main manifestations of pul-
monary embolism in the acute phase and
the distribution of pulmonary arterial emb-
olisms is related to the severity of clinical
symptoms, short-term and long-term treat-
ment effects, and disease complications.

In the present study, patients with APE
were classified as having mixed-type pulmo-
nary embolisms (81.5%) or distal-type pul-
monary embolisms (18.75%). Although no
patients had central pulmonary embolisms,
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Figure 2. CT characteristics of a patient with a mixed-type pulmonary embolism. The embolism was
shown to be distributed in left and right pulmonary arteries (a), as well as left and right pulmonary lobe
arteries, and pulmonary segment arteries (b). Red arrows represent embolisms.

CT, computed tomography.

previous work has reported that such
patients are particularly susceptible to pul-
monary hypertension.*® The likelihood of
chronic thromboembolic pulmonary hyper-
tension (CTEPH) was also shown to signif-
icantly increase when the acute RVSP
exceeds 50 mmHg.” '' The acute phase of
pulmonary hypertension is often tempo-
rary, and most patients improve after anti-
coagulation treatment.'> However, the
RVSP can be persistently increased in a
number of patients. The optimal timing
and diagnostic test for CTEPH after acute
pulmonary embolism are unknown.
Takayuki et al.'* reported that CTEPH
was mainly associated with vascular remod-
eling and thrombus organization, and con-
tinuous increases in CTEPH were
separately linked with proximal pulmonary
artery remodeling.'* '® Additionally, Klok
et al.'” observed associations between
CTEPH and the embolization site and
degree of embolism, as well as with diagnos-
tic delay. Several studies reported a corre-
lation between a delay in treatment and
pulmonary embolism and pulmonary arte-
rial hypertension.'®'® Although the loca-
tion of thromboembolisms in the acute
phase can be associated with sudden
death,'”*® Gonzalez et al.*' conversely

found no significant correlation between
the thrombus location and disease severity.

Mastora scoring is extensively used in the
assessment of obstruction severity, although
it is relatively tedious to perform and cannot
predict the incidence of chronic thromboem-
bolic pulmonary hypertension.'® In the pre-
sent study, the Mastora score differed
significantly between the two patient
groups, indicating that the scope and
extent of mixed-type pulmonary embolism
was significantly larger than those of distal-
type pulmonary embolism, as seen in previ-
ous studies.>**?* Additionally, the clinical
symptoms of mixed pulmonary embolism
presented significantly earlier than those of
peripheral pulmonary embolism (P < 0.05),
indicating that mixed-type pulmonary embo-
lism may cause more obvious clinical symp-
toms.”> The distribution of pulmonary
embolism is a continuous process. As the
embolization range expands, an increase in
the RVSP gradually increases the diameter
of the right ventricle. Recently, Jeong et al.”®
reported that patients with extensive pulmo-
nary embolism are prone to early elevation
of the RVSP and right ventricular damage,
whereas right ventricular enlargement is a
manifestation of disease progression.>’ >
Indeed, this has been associated with
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short-term mortality,’*" and plays a key

role in diagnosis and treatment.

In the present study, we showed that the
distribution of pulmonary embolism in the
acute phase significantly correlates with
the RVSP, duration of disease, and right
ventricle enlargement, but is not associated
with patient sex or age. Moreover, it direct-
ly reflects the severity of acute pulmonary
embolism. Because the therapeutic effect is
most notable in the acute phase, the clinical
evaluation of acute pulmonary embolism
should be conducted intuitively and rapidly.

Our study has some limitations. First, the
influence of etiology on the distribution of
the lesions was not assessed when assessing
the distribution of pulmonary embolism in
the acute phase. Second, primary lesions
were not targeted during anticoagulation
treatment. Thus, further studies are required
to clarify the effects of primary disease on
pulmonary embolism.

Conclusions

The present study shows that mixed-type
pulmonary embolism is more susceptible to
changes in both pulmonary artery systolic
pressure and right ventricular diameter
than distal-type pulmonary embolism.
Additionally, the clinical symptoms of
mixed-type pulmonary embolism are more
obvious, leading to a shorter duration of dis-
ease and an earlier diagnosis. Thus, the dis-
tribution of APE indicates the severity of
disease. CTPA readily determines the type
of pulmonary thrombosis and therefore pro-
vides a reliable basis for clinical evaluation.

Data availability

The data used to support the findings of this
study are included within the article.
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