Vol.37 No.2 Apr.- Jun. 2020

105

J Prapokklao Hosp Clin Med Educat Center

Anusduaiiy

ﬂamsmmma%’ﬁ‘i‘nmﬁui]mi’m‘i’m’mm’mguuswmglf:ilnﬂsﬂ?\mﬁaﬂqﬂﬁ'u"luﬂamﬁﬂuﬂé'u

TiQ‘NEI"Ii.l’lﬂﬂﬂlﬁﬂﬂi’dﬂqﬂi']ﬁﬂi#uﬁ?

W3unNs gniud, w.a.

ﬂa;udﬁu%faﬁ%ﬂﬂﬁ Ba‘wm‘maamﬁawmqwswmmﬁa PWAIAFTZUAD
Received: November 1, 2019 Revised: December 3, 2019 Accepted: March 17, 2020

UNAAED

Mmnvesilgyrin: Eﬂamaa@q@ﬂﬂuﬂ aaLdaunaniilu
4 4 da . .

nikslunzAnutesnianusinswlanazynmeluns
UHIR Sesnaliiiadanninfoiiandendiog
U d % a a a %
agiszaen: Anwanumen1IIFEIneInUdTy
‘ﬁ’m’]Uﬂ’J’]&l?%LLid“ﬂadﬁjﬂ’JUIiﬂ?mLﬁa@]q&]ﬁquﬂa@]
LﬁyuwﬁuisowmmaauLﬁﬁ]wszqwswaimﬁa
U as s = Y d' 1 6 aa >
Jaquazisms: Aalengthofidwnuyinidais
BﬂauLﬁa@q@ﬁ'ﬂuﬂamﬁmuwﬁu ANBANBUTNNG
ARRNLAZANBINIITIFING TINDILIARNLAD
WiRgNINTETzLAY Tayasnag gnmunuLaziin
a 6 ] |
Ta3en lasutatlszian Lﬂuﬂizmmmnmaz
lasuusg

= X AV e Py A A &
wamsfanw: fih ﬂﬂvlmumi’amaﬂmamaa@q@ﬂu

a o A o & o oA
Tudaadaunanwndnmsinisaaiian 79 an
u ngunfanmauinss 17 au (3auaz 21.5) a1g
\Wafe fa 56.3:14.9 T amsusasinulasige
A A o a .
Ao eamitesviay (3euar 62.0) sngiiwulas
A A < @ @ o Aa '
figafe Tsauzi59 anumeiladuni1959finaInuin
o aAa v = 1

MWSIENTIaNANLFUIFoauaIEInNa1ITaIYaala
(prominent central PA), MIaaadvadidanlUifss
A A i A ) A o
USmndaafnaien waztinlilsvasviaaaiiaadi
gunandlaa ﬁmwué’uﬁuﬁ‘ﬁumwu?umwad;jﬂw
linfudaaganulutlenainsfinoimaymaata (p <

s a 6 a 6 1 e A
0.05) anwmziadolanoiydanauiiiaas NuINash

ﬂwsq@%umaa%aa@Lﬁammaﬂa@, vl laas
a9 MLABUNURRIRNEY (RV/LV ratio), n3tdaad
nitaruialarossna (VSB) grade 2, NIViunauvad
1INV (IVC reflux) grade 4-6, NIQARIVBIVUIA
waslaasuutrofiouivswevedudandii
1aq, 1@ SVC, v avasrasiiladiunnus uay
wWulRaauasdinnasvasdaala AanuFuRusiy
mm;mmmaujﬂaﬂTﬁﬂémﬁaﬂq@ﬁv’ﬂuﬂa@aﬂw
I%pdaun19ad@ (p < 0.05) UazaINNI5ITNNS
”asmﬁzﬁwnﬁa 113 (multivariate analysis) WL3124@
vasasrnladurinun, MuSsEnneniifiduien
uassnnatdvadtaala waz MIRUARLVEIENT
fiUF9R (IVC reflux) Grade 4-6 au130 MvinwBAN
Eumwaag”ﬂwim?imﬁamqm%ﬂuﬂa@asjwﬁ
B YNIRHa o

agl: auldffnaAssmnevesiesiladusnon
LAt 57.0 UN (52.0, 61.0), LEWLRAALAIEIBNAIVDY
daala (Prominent central PA) ( >3.3 04.) LAZWL
NMINWNAL8IRIIAVIIR (IVC Reflux) Grade 4-6
mmmﬁmmmw;mnwaﬂm’émﬁa@q@%ﬂu
daadouwanle

mddey: lsaduidangaruludoaidouwiu, mweg
S98n39en, anwazlanoisdnautiaasraaaiian

LedvaIlaa



106

~

s = s aa v a o A
?75ﬁ75§/uf/miﬁﬂymWwaﬁmmﬂauﬂ ziJanl”ﬁWf&‘fi/ﬁmZﬂ 1/7’] 37 AUUN 2 13).8.- 1.8. 2563

Original article

Radiographic findings with radiologic predictor of severity of acute pulmonary embolism

in Sakaeo Crown Prince Hospital

Narinthon Ousap, M.D.

Department of Radiology , Sakaeo Crown Price Hospital, Sakaeo Province

Abstract

Background: Acute pulmonary embolism (APE) is
a major public health problem that may present as
a clinically challenging or life-threatening condition.
Objectives: To determine radiographic findings with
a radiologic predictor of the severity of APE in Sakaeo
Crown Prince Hospital.

Methods: Clinical and radiological data of 79 patients
with APE were analyzed. All patients were classified
by severity into massive and non-massive PE.
Result: 79 patients were recruited to participate in
the study. Out of these 79 patients, 21.5% (17/79)
were diagnosed with massive APE. The mean age
was 56.30+£14.90 years old (range 27 - 88). The most
common chief complaint was dyspnea (62.0%). The
most frequent risk factor was malignancy. Chest
radiographic outcomes showing prominent central
PA, a decrease in the vascularity of affected areas,
and the presence of Knuckle sign were shown to be

significantly related to massive PE (p<0.05). CTPE

outcomes show that pulmonary obstructive index,
RV/LV ratio, VSB grade 2, IVC reflux , decrease width
LA/ pulmonary vein, SVC diameter, RA chamber
diameter, intraluminal high attenuation and dilatation
of central and segmental pulmonary arteries are
significantly related to massive PE (p<0.05). Further-
more, dilatation of the RA chamber and prominent
central PA and IVC reflux grade 4-6 were statisti-
cally significant factors in the prediction of the
severity of APE in multivariate analysis.
Conclusions: An increase in the diameter of the RA
chamber (ranging from 57.00 mm (52.00, 61.00)),
Prominent central PA (cut off >3.32 cm) and IVC
Reflux: Grade 4-6 can predict the severity of acute
pulmonary embolism.

Keywords: Acute pulmonary embolism (APE), Chest
Radiography, Computed tomography pulmonary
angiogram (CTPA)
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Introduction

Acute pulmonary embolism (APE) is a
significant public health problem that may present as
a clinically challenging and life - threatening
condition.” APE is the third most common cardiovas-
cular emergency condition after acute myocardial
infarction and acute stroke.? Moreover, variation in
age and sex of affected patients, the propensity to
be masqueraded in affected patients in all disease
departments, and the necessity of proper diagnosis
and treatment to reduce mortality lead to challenges
in the diagnosis of APE.

The true incidence of APE remains unclear,
though it appears to be approximately 60-70 per
100,000 people of the general population.®
The prevalence of PE in Asians is uncertain but
undoubtedly underestimated.

The CTPE is now considered to be the
standard for diagnosis of APE given its safety,
rapidity and accuracy.’

Several authors have studied to assess the
severity of APE and to predict patients’ outcomes,
typically focusing on 30-day mortality; this has been
relatively less studied in Asian populations. These
studies have shown several conflicting outcomes®
and are less appropriate for imaging outcomes
focused on hemodynamics predictions in Thailand.
For example, one of the previous studies, Philip A,
et al® found that CT-predicted ventricular septal defect
(VSD) is predictive of death due to PE, whereas

RV/LV diameter ratio and embolic burden are not

associated with short-term death due to PE. Further-
more, Berghaus, et al’ found that central thrombus
correlates with RV dysfunction and predicts clinical
deterioration, whereas large thrombus burden does
not correlate well with adverse outcomes. These
studies are inconsistent with the study of Narumol
Chaosuwannakit® which supported that RV/LV ratio
and pulmonary obstruction index are potentially
useful tools to predict mortality in patients with APE.

This research aimed to study these controver-
sial factors and look for new interest factors under
pathophysiology of disease to predict severity based

on the hemodynamic status of patients.

Materials and Methods

This retrospective study enrolled one hundred
twelve patients (112 patients). Patients who had
incomplete data gained from medical records or a
lack of complete imaging studies, had underlying
heart disease or chronic lung disease, or received
thrombolytic therapy were excluded from this study.
Thereby, seventy-nine patients diagnosed with APE
according to inclusion criteria from ICD -10 data in
Sakaeo Crown Prince Hospital in the period from
January 2011-July 2018 were studied. The present
study has been approved by the ethical committee
of Sakaeo Crown Prince Hospital.

Clinical parameters taken from the online
hospital information system with blinded radiologic
outcomes were analyzed, and the radiologic factors

were studied.
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112 Acute pulmonary embolism patients in Sakaeo Crown Prince
from January 2011 to July 2018

Excluded subjects (n=33):
- incomplete data gained from medical record (n=7)

- lack of complete imaging study (n=15)
- underlying heart disease or lung disease (n=6)
- received thrombolytic therapy (n=5)

Eligible subjects (n=79):

- complete imaging study both chest film and CTPE
- had complete medical data gained
- lack of previous thrombolytic treatment

- no underlying heart of lung disease

Massive PE (n=17)

y

Non massive PE (n=62)

Figure 1 Study flow

Imaging protocol
CT technique

All scans were obtained using multidetector
row computed tomography (MDCT) on a 128—MDCT
scatter (Phillips, Eindhoven, the Netherlands). The
standard protocol was followed, using standard dose
rate and total dose of non -ionic contrast agents of
CTPE.

Scans were performed on patients in the
supine position, holding their breath at full inspiration.
The scan areas included 2 -cm below the top of the
diaphragm to a level slightly above the aortic arch
during a single breath hold. The acquisition
parameters are: 120 kVp, 250 mAs, pinch of 1.0 with
width 0.5-second rotation time, with reconstruction
at section widths of 1-mm (high-resolution CT and
pulmonary embolism study). The images were
obtained using mediastinal windows (window width

350 HU, window level 50 HU) and lung settings

(window width 1500 HU, window level 500 HU), with
multiplanar reconstructions.

All chest radiography and CT images were
reviewed retrospectively at workstations by the author
(with 12 years of experience in radiology), without
awareness of any clinical settings. After that, a
retrospective review of clinical settings from online
OPD/IPD data was performed without awareness of
imaging outcomes.

Terminology (according to the American Heart
Association, 2011).

1. Massive Acute pulmonary embolism is defined
as Acute PE with sustained hypotension. (< 90 mmHg
systolic) > 15 minutes or requiring inotropic support.

2. Non-massive Acute pulmonary embolism is
defined as Acute PE without evidence of sustained
hypotension.(<90 mmHg systolic) > 15 minutes or

requiring inotropic support.
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Imaging analysis

1. Chest radiography The parameter factor
setting following the 2011 Radiology Review Manual.

2. CT non measurement or qualitative data
images The parameter factor setting following the
2011 Radiology Review Manual’.

3. CT measurement data or quantitative data

- Clot burden or vascular obstruction index
(percentage of vascular obstruction of pulmonary
arterial tree caused by APE).

This was conducted using the scoring system
of Qanadli et.al.” In the literature, in brief, this index
is defined as the number of segmental artery
branches that are blocked and corrected by a factor
of one for partial blockage or a factor or two in
cases of complete obstruction. The highest possible
score is 40 (thrombus completely obstructing the
pulmonary trunk), which corresponds to a 100%
obstruction index.

- Ratio of right ventricular diameter to left
ventricular diameter (RV/LV ratio)

This was measured using the axial image of
the heart at its widest point, which is usually seen at
the atrioventricular valve, by measuring between the
inner surface of the free wall and the surface of the
interventricular septum'" After reviewing the literature,
the author classified degree as (1) no right ventricu-
lar dysfunction (RVD) to mild degree RVD if the ratio
was <1.2 (2) moderate RVD if the ratio was between
1.2-1.5 and (3) severe RVD if the ratio was>1.5

- Morphology of the interventricular
septum

This was classified as (1) grade 0 or normal
if normal septum (2) grade 1 if convex toward the
right ventricle or flattened and (3) grade 2 if bowing
convex toward the left ventricle.”"
- IVC reflux

This was categorized using axial images

divided into six categories according to the reviewed
literature.™ Classified as (1) no reflux into IVC) (2)
trace of reflux into IVC (3) reflux into IVC but no
hepatic veins (4) reflux into IVC with opacification of
proximal hepatic veins (5) reflux into IVC with opaci-
fication of hepatic veins down to the mid-portion of
the liver and (6) reflux into IVC with opacification of
distal hepatic veins.

- The diameter of the main pulmonary
artery and the ascending aorta or the PA/AO ratio

This was measured on the transverse image
at the point in which the right pulmonary artery is in
contiguity with the main pulmonary artery."

- The diameter of the superior vena cava
(SVC diameter), and azygos vein (Azygos
diameter)

This was measured on a transverse CT scan
where the azygos vein reaches the superior vena
cava (SVC)."

- The diameter of the left atrium and
pulmonary vein ratio or the LA/pulmonary vein
ratio

This was measured by selecting cuts of axial
CT images at the left atrial level (LA), demonstrating
the four pulmonary veins and measuring the widest
point of the diameter. The LA/ pulmonary vein ratio
was then calculated, which were found at various
levels."™
- The diameter of the right atrial chamber
(RA chamber)

This was measured by selecting four view
chambers cut, performed in the transverse diameter,
perpendicular to the interatrial septum, measured
from septal wall to lateral wall.

In accordance with the literature reviewed, a
non-ECG-gated chest CT study of pulmonary
hypertension patients proposed a right atrial (RA)

enlargement cut-off of > 35 mm.”
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Stat analysis The author divided the patients into
two groups (non-massive and massive groups)
according to underlying hemodynamic status.
Categorial data were reported as count (%) and
continuous data were expressed as the mean %
standard deviation (SD), median and interquartile
range (IQR). Baseline characteristics and image
parameters were analyzed using the Chi-square test,
Fisher’s exact test for categorical data and Independ-
ent t-test, and Mann-Whitney U for continuous data.
Univariate and multivariate logistic regression models
were applied to evaluate factor prediction of severity

presented by odds ratio (95%Cl) with p-value <0.05

Table 1 Demographic characteristics data (n=79)

considered to be statistically significant. Statistical
analysis was performed by using statistical software

programs.

Results

Patients’ demographic data are shown Table
1. There was no significant difference between the
two groups with regard to patients’ demographic data,
underlying disease and risk factor, or death within 1
month. The outcome of the chest radiograph (prom-
inent central PA, Decrease vascularity and Knuckle
sign) had a statistically significant relationship with

massive APE, with a P-value < 0.001.

Factor Total Non-massive (n=62) Massive (n=17) p - value
Sex, n(%)
Male 30 (38.0) 24 (38.7) 6 (35.3) 0.79
Female 49 (62.0) 38 (61.3) 11 (64.7)
Age (years), mean+SD 56.30+14.90 56.21+14.23 56.65+17.62 0.91
Underlying disease, n(%)
Yes 70 (88.6) 56 (90.3) 14 (82.4) 0.39
No 9 (11.4) 6 (9.7) 3(17.6)
Chief complaint
Dyspnea 49 (62.0) 37 (59.7) 12 (70.6) 0.41
Dizziness 10 (12.7) 9 (14.5) 1(5.9) 0.68
Fever 5 (6.3) 4 (6.5) 1(5.9) 1.00
Chest pain 4 (5.1) 3 (4.8) 1(5.9) 1.00
Dead within 1 month 25 (31.6) 18 (29.0) 7 (41.2) 0.34
X-ray finding
Abnormal 65 (82.3) 56 (90.3) 9 (52.9) 0.001
Prominent central PA 38 (48.1) 23 (37.1) 15 (88.2) < 0.001
Decrease vascularity 26 (32.9) 14 (22.6) 12 (70.6) < 0.001
Knuckle sign 32 (40.5) 20 (32.3) 12 (70.6) 0.004
Pleural based opacity 14 (17.7) 8 (12.9) 6 (35.3) 0.06
Cardiomegaly 49 (62.0) 36 (58.1) 13 (76.5) 0.16

Table 2 shows that CTPE outcomes had a
statistically significant relationship with massive APE,

with a p-value of 0.05 (p < 0.05).
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Table 2 CT measurement and CT non-measurement factor (n=79)

Factor Total Non-massive (n=62) Massive (n=17) p - value
CT measurement
OB index, n(%)
< 40% 46 (58.2) 42 (67.7) 4 (23.5)
40-60% 4 (17.7) 12 (19.4) 2 (11.8) < 0.001
> 60% 19 (24.1) 8 (12.9) 11 (64.7)
RVI/LV ratio
0-1.2 52 (65.8) 50 (80.6) 2 (11.8)
1215 10 (12.7) 6 (9.7) 4 (23.5) < 0.001
>1.5 17 (21.5) 6 (9.7) 11 (64.7)
VSB, n(%)
Grade 0-1 (normal to
68 (86.1) 57 (92.7) 1 (64.7)
minimal bowing) 0.008
Grade 2 (deviated to left) 11 (13.9) 5 (8.2) 6 (35.3)
IVC Reflux, n(%)
Grade 0-3 (mild) 75 (94.9) 64 (98.4) 11 (82.3) 0.03
Grade 4-6(high grade) 4 (5.1) 1(1.6) 3(17.7)
Decrease width LA/ Pulmonary
vein. mean+SD 2.89+0.82 3.06+0.77 2.25+0.18 < 0.001
SVC diameter (cm), median
1.90 (1.80, 2.10) 1.80 (1.70, 2.0) 2.00 (1.85, 2.45) 0.01
(IQR)
Azygos vein (cm), median (IQR) 0.80 (0.70, 1.0) 0.80 (0.70, 1.0) 1.00 (0.70, 1.15) 0.09
Dimeter of RA chamber (cm),
36.0 (32.0, 48.0) 35.0 (31.0, 40.0) 57.00 (52.00, 61.00) < 0.001
Median (IQR)
CT-non measurement
Pleural effusion 34 (43.0) 24 (38.7) 10 (58.8) 0.13
Pericardial effusion 4 (17.7) 9 (14.5) 5(29.4) 0.16
Pulmonary infarction 22 (27.8) 14 (22.6) 8 (47.1) 0.06
Intraluminal high attenuation 15 (19.0) 6 (9.7) 9 (52.9) < 0.001
Dilatation of central and
29 (36.7) 16 (25.8) 3 (76.5) < 0.001
Segmental pulmonary
Table 3 Univariate analysis
Factor Crude OR 95%CI p - value
X-ray finding
Abnormal (ref. normal) 8.30 2.33, 29.58 0.001
Prominent central PA 12.72 2.67, 60.69 0.001
Decrease vascularity 8.23 2.48, 27.35 0.001
Knuckle sign 5.04 1.56, 16.26 0.007
Pleural based opacity 0.27 0.08, 0.94 0.04
Cardiomegaly 2.35 0.69, 8.02 0.17
OB index, n(%)
40-60% (ref. <40%) 1.75 0.29, 10.74 0.54
> 60% (ref. <40%) 14.44 3.66, 56.91 < 0.001
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Table 3 Univariate analysis
Factor Crude OR 95%ClI p - value
RVI/LV ratio
1.2-1.5 (ref. 0-1.2) 16.67 2.50, 111.09 0.004
>1.5 (ref. 0-1.2) 45.83 8.14, 258.09 < 0.001
VSB
Grade 2 (ref. Grade 0-1) 6.22 1.61, 24.01 0.008
IVC Reflux
Grade 4-6 (ref. Grade 0-3) 13.07 1.26, 135.23 0.03
Decrease width LA/ Pulmonary vein 0.15 0.05, 0.44 0.001
SVC diameter (mm) 4.15 1.11, 15.51 0.03
Azygos vein (mm) 6.99 0.66, 74.28 0.10
Dimeter of RA chamber (mm) 1.26 1.14, 1.40 < 0.001
Pleural effusion 2.26 0.76, 6.75 0.14
Pericardial effusion 2.45 0.70, 8.65 0.16
Pulmonary infarction 3.05 1.01, 9.37 0.04
Intraluminal high attenuation 10.50 2.95, 37.43 < 0.001
Dilatation of central and segmental pulmonary 9.34 2.70, 32.83 < 0.001

Table 3: univariate analysis of the potential
factors of massive APE, statistically significant at
P<0.05, presented as Odds ratio as demonstrated

In multivariate logistic regression analysis,

Table 4 Multivariate analysis

factors that had a P-value < 0.1 from univariate
analysis were selected for analysis in order to

minimize the confounding factors.

Factor adj.OR 95%CI p-value
Dimeter of RA chamber (mm) 1.21 1.05, 1.39 0.007
Prominent central PA (ref. no) 20.54 1.45, 290.51 0.03
IVC Reflux: Grade 4-6 (ref. Grade 0-3) 2.37 1.02, 5.50 0.05

Discussion

This study concentrated on massive PE
because it is the most severe form of PE and may
ultimately result in sudden death following a massive
obstruction of the pulmonary bed, a significant
prognostic that remains controversial. Moreover, the
recent radiologic official report of APE mainly
focuses on the RV/ LV ratio, but avoids terms such
as massive or sub-massive PE without knowledge of
the patients’ hemodynamics.

From the current study, the most common

chief complaint was dyspnea (62.0%), which is

correspondent with previous global studies in
Thailand and other countries.”’ However, there were
some of non-specific chief complaints (such as
dizziness 12.7%, fever 6.3%, abdominal pain 5.1%,
seizure 1.3% and asymptomatic symptom 1.3%) in
this study as well, which supports the challenging
and difficult nature of APE diagnosis.

Certain parameters have not yet been
reported in the literature (decrease width LA/
pulmonary vein, RA chamber diameter, intraluminal
high attenuation) that demonstrated that the dilatation

of the RA chamber, and prominent central PA and
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IVC reflux grade 4-6 were statistically significant
factors for the prediction of the severity of APE in
multivariate analysis.

The prominent central PA parameter. (cut off
at >3.32 cm)® Explanation made by proximal
dilatation of affected PA from clot occlusion
pulmonary hypertension.

An important parameter for predicting
severity in this study was reflux of the dye in the IVC,
an indirect sign of tricuspid valve insufficiency that
was frequently observed in right-sided heart failure.”
This sign has not been yet been reported in a study
from Thailand. The author found that IVC reflux grade
4-6 was a significant contributor to massive APE with
an odds ratio of OR 2.37 (95%CI 1.02,5.50). In
other words, it is said that high-grade IVC reflux
patients contributed to massive APE 2.37 folds of
low grade IVC reflux patients; and so on.

Another new prognostic parameter reviewed
in this study is the investigation of the RA chamber’s
diameter. A correlation between the cut-off value and
the severity of an APE has not yet been reported of
in Thailand, nor in the worldwide community. Accord-
ing to pathophysiology, an increase in pulmonary
vascular resistance may result in RV dilatation,
impending RV failure, tricuspid regurgitation and
acute Cor pulmonale, which might affect the RA
chamber. A non-ECG-gated chest CT study of
pulmonary hypertension patients proposed a right
atrial (RA) enlargement cut-off of > 35 mm* Some
of the previous literature found that RA dilatation on
transthoracic echocardiography independently
predicted fatal PE within 30 days.”® A recent study
found that the diameter of the RA chamber (mm) in
the massive group had an average of 57.00 mm
(52.00, 61.00), and it significantly contributed to
massive APE with an odds ratio of OR 1.21(95%ClI
1.05, 1.39).

A limitation of the present study is its small
sample size. CTPE was not performed for every
patient that was diagnosed with APE and some
cases were examined with only non-enhanced study,
while several cases were excluded from this study.
Furthermore, all of the imaging and medical record
data review were done solely by the author which
may have affected the interpretation or accuracy of
the measurement. Further studies with a larger
sample size, meta-analysis, and prospective study
design could be needed to reduce these variabilities
and confounding effects.

An increase in the diameter of patients’ RA
chamber and prominent central PA and IVC Reflux:
Grade 4-6 can predict the severity of acute pulmonary
embolism. From the outcome of this study, this data
shows that to improve, the innovation and adaptation
of radiologic official reports to predict massive APE
conditions absent of known hemodynamic status of
patient is necessary.

Conflict of interest The author has no potential

conflict of interest to disclose.
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