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Purpose: To assess the correlation between volumetric measure-
ments of clot, semiquantitative clot burden indexes, and 
signs of right heart dysfunction at computed tomographic 
(CT) pulmonary angiography in patients with acute pul-
monary embolism (PE) and to determine whether clot 
burden and signs of right heart dysfunction are associated 
with short-term mortality.

Materials and 
Methods:

This retrospective study was institutional review board ap-
proved and HIPAA compliant. CT pulmonary angiographic 
studies (January 2007 through December 2007) with find-
ings positive for PE were retrieved. Two readers evaluated 
signs of right heart dysfunction at CT pulmonary angiog-
raphy, measured clot volume using a dedicated software 
program, and assessed clot burden using semiquantitative 
scores (Qanadli and Mastora). Spearman rank coefficient 
was used to investigate correlation between clot burden 
measures and signs of right heart dysfunction. Uni- and 
multivariate analyses were used to test association be-
tween CT pulmonary angiographic findings and short-
term mortality.

Results: A total of 635 CT pulmonary angiographic studies from 
635 patients (304 men, 331 women; mean age, 59 years) 
were included; 39 (6%) patients died within 30 days. Clot 
volume was strongly correlated with Qanadli score (r = 
0.841, P , .01) and Mastora score (r = 0.863, P , .01) 
and moderately correlated (r = 0.378, P , .01) with the 
ratio of right ventricle diameter to left ventricle diameter 
(RV/LV ratio). Among the pulmonary angiographic signs, 
only increase in RV/LV ratio (cut-off value, 1.0) was inde-
pendently associated with short-term mortality in multi-
variate analysis.

Conclusion: Clot volume strongly correlated with semiquantitative CT 
scores of clot burden, and greater clot volume was as-
sociated with higher incidence of right heart dilatation. 
Increase in RV/LV ratio was associated with short-term 
mortality; however, measures of clot burden were not.
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indexes (Qanadli and Mastora scores), 
and signs of right heart dysfunction 
at CT pulmonary angiography in pa-
tients with acute PE and to determine 
whether clot burden and signs of right 
heart dysfunction are associated with 
short-term mortality.

Materials and Methods

After institutional review board ap-
proval, imaging and clinical data from 
January 1, 2007 through December 31, 
2007 were retrospectively reviewed by 
using the institutional medical archive 
system (21). All subjects were older 
than 18 years of age and underwent at 
least one CT pulmonary angiographic 
examination with a mention of termi-
nology suggesting a PE event. Subjects 
were initially identified by means of 
procedure codes, then radiology re-
ports were retrieved and reviewed by 
two trained radiologists (A.F., A.P., 
each with 4 years of experience in 
chest CT) to confirm the PE diagnosis. 
All data were collected and reviewed in 
compliance with the Health Insurance 

tomographic (CT) pulmonary angiogra-
phy is widely accepted as the first-line 
of diagnostic imaging (5) and offers 
the potential for prognostic imaging 
biomarkers.

CT signs of right heart strain, as 
well as dedicated CT pulmonary angio-
graphic indexes of clot burden, such 
as Qanadli (also known as pulmonary 
artery obstruction index) (6) and Mas-
tora scores (7), have been proposed as 
predictive biomarkers for short-term 
mortality in patients with acute PE (8–
15). However, other studies reported 
no significant association between mor-
tality and CT pulmonary angiographic 
signs of right heart strain (12,15–17) 
or clot burden indexes (10–12,15,18). 
This controversy may be associated 
with the fact that some of these stud-
ies included small sample size and only 
few studies correlated their results with 
patients’ clinical presentation and mor-
bidity status (11–15,17).

Recent studies suggested that the 
measurement of blood clot volume at 
CT pulmonary angiography may be 
used as a new CT imaging biomarker in 
patients with acute PE (19,20). Com-
pared with previously reported clot 
burden indexes, fully quantitative vol-
umetric measurement of PE may pro-
vide a more precise indication of the 
patient’s clot burden as it would not 
be subjected to arbitrary qualitative 
weighting factors, including clot loca-
tion within the pulmonary vasculature 
and the grade of obstruction. However, 
the potential predictive role of clot vol-
ume as measured on CT pulmonary an-
giographic images has received limited 
attention (20).

Thus, the purposes of our study 
were to assess the correlation between 
the direct volumetric measurement 
of clot, semiquantitative clot burden 

R isk stratification for patients with 
acute pulmonary embolism (PE) 
is important to establish appro-

priate treatment and management (1). 
Patients at high risk of mortality associ-
ated with PE may receive thrombolytic 
treatment and close surveillance in in-
tensive care settings, whereas patients 
with low risk may be discharged ear-
lier and treated with anticoagulation 
(1,2). Current risk prediction rules 
for patients with PE are mainly based 
on clinical and laboratory parameters 
(3,4). Additional information for risk 
prediction may be obtained from clin-
ical imaging studies used for the detec-
tion of PE. Among the commonly used 
clinical imaging modalities, computed 

Implication for Patient Care

 n Among patients with acute PE, 
those with history of congestive 
heart failure and cancer and with 
RV/LV ratio greater than 1.0 at 
CT pulmonary angiography are at 
increased risk of short-term 
mortality.

Advances in Knowledge

 n On CT pulmonary angiographic 
images of patients with acute 
pulmonary embolism (PE), 
increase in the ratio of right ven-
tricle diameter to left ventricle 
diameter (RV/LV ratio) was inde-
pendently associated (odds ratio, 
12.27; P , .001) with short-term 
(30-day) mortality, with a cut-off 
value of 1.0.

 n Clot volume measurement on CT 
pulmonary angiographic images 
is larger (median, 8371.8 mm3) 
in patients with right heart dila-
tation (RV/LV ratio  1.0) than 
in patients with RV/LV ratio of 
less than 1.0 (median volume, 
638.4 mm3; P , .001).

 n Among patients with acute PE 
and right heart dilatation, the 
clot volume is significantly lower 
in patients with underlying 
impaired cardiac reserve (P = 
.048) and in those with under-
lying impaired cardiac and respi-
ratory reserve (P = .003).

 n Measures of clot burden at CT 
pulmonary angiography, including 
semiquantitative scores (P . 
.659) and direct quantification of 
blood clot volume (P = .750), 
were not associated with short-
term mortality in our patient 
sample.
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of right ventricle diameter to left ventri-
cle diameter (RV/LV ratio), ratio of main 
pulmonary artery diameter to ascending 
aorta diameter (PA/Ao ratio), superior 
vena cava diameter, azygos vein diam-
eter, interventricular septum morphol-
ogy, and presence of contrast medium 
reflux into the inferior vena cava (IVC). 
Diameters (minor axes) of right and left 
ventricle were measured on the axial CT 
image of the heart at their widest point 
in diastole (usually the image showing the 
atrioventricular valves) between the inner 
surface of the free wall and the surface of 
the interventricular septum (9,24). The 
RV/LV ratio was calculated. The diame-
ters of the main pulmonary artery and 
the ascending aorta were measured on 
the transverse image at which the right 
pulmonary artery is in contiguity with the 
main pulmonary artery (25). The PA/Ao 
ratio was calculated. The diameters of 
the superior vena cava and azygos vein 
were measured on the transverse CT im-
age where the azygos vein reaches the 
superior vena cava (9). Morphology of 
interventricular septum was considered 
normal (convex toward the right ventri-
cle), flattened, or bowing (convex toward 
the left ventricle) (9). Reflux of contrast 
medium was judged present when it 
could be detected in the intrahepatic por-
tion of the IVC (9). Finally, pulmonary in-
farct was deemed present with the iden-
tification of a peripheral wedge-shaped 
consolidation with central lucency (26).

Clot burden.—CT measures of clot 
burden in each patient included the Qa-
nadli score (ie, pulmonary arterial ob-
struction index) (6), the Mastora score 
(7), and quantification of blood clot 
volume. In addition, the total number 
of clots and the proximal extension of 
the clot (27) were also recorded. The 
most proximal level of the clot (prox-
imal extension of the clot) was classi-
fied as mediastinal pulmonary arteries 
(ie, pulmonary artery trunk, main right 
and left pulmonary arteries, and right 
and left interlobar pulmonary arteries), 
lobar pulmonary arteries, segmental 
pulmonary arteries, and subsegmental 
pulmonary arteries (27). Mediastinal 
and lobar pulmonary arteries were con-
sidered central, whereas segmental and 
subsegmental pulmonary arteries were 

intravenous administration of 125 mL 
of ioversol (Optiray 350; Tyco Health/
Mallinckrodt, St Louis, Mo) at a rate of 
4–5 mL/sec. The CT scanning was per-
formed with either a 20-second delay 
or a bolus-tracking technique after the 
start of the contrast medium injection, 
from the lowest hemidiaphragm to the 
top of the lungs.

Image Analysis
All CT pulmonary angiographic images 
were de-identified and transferred from 
our picture archiving and communica-
tion system (iSite; Philips Healthcare) to 
a dedicated workstation by means of a 
virtual private network. Image analysis 
was performed in consensus by two ob-
servers (A.F.; A.P.), each with 4 years 
of experience in body CT. Any disagree-
ment was resolved by the senior inves-
tigator (K.T.B., 15 years of experience 
interpreting chest CT images). Readers 
were blinded to the patient’s condition 
at the time of presentation and the final 
clinical outcome. Initially, readers per-
formed an overall evaluation of the qual-
ity of the CT pulmonary angiographic 
study (22). Only studies providing ac-
ceptable visualization of the pulmonary 
arteries were included; studies affected 
by poor vessel enhancement, motion (ie, 
respiratory or pulsation) artifacts, and 
noise were excluded. For each study, 
readers reviewed the CT pulmonary an-
giographic images and identified each 
embolus, while comparing the findings 
described in the radiology diagnostic 
report. PE was defined as presence of 
an endoluminal central filling defect par-
tially or completely occluding the pulmo-
nary arteries. Readers were allowed to 
adjust the window setting to maximize  
the enhancement between the emboli 
and the enhanced pulmonary arte-
rial blood according to the windowing 
scheme published in a previous study 
(23). Interpretation was performed by 
using axial images. Reconstructed coro-
nal and sagittal images were also used 
when axial images alone were deemed 
inadequate for differentiating clots from 
adjacent soft tissue.

CT signs of right heart dysfunction.—
CT signs used to assess (A.F., A.P.) func-
tion of the right heart included the ratio 

Portability and Accountability Act. All 
clinical and imaging data were de-iden-
tified prior to analysis by using an insti-
tutional honest broker system.

Population
From January 2007 through December 
2007, 5425 CT pulmonary angiographic 
studies were performed at our institu-
tion for evaluation of PE. The studies 
verified as positive for PE (n = 724) were 
retrieved. Radiologist readers (A.F., 
A.P., each with 4 years of experience 
in chest CT) reviewed the images of 
each study and determined their inclu-
sion into the study population according 
to the criteria specified in the Imaging 
Analysis session. If a patient underwent 
multiple CT pulmonary angiographic 
studies during the study period, only the 
CT with acute PE at initial presentation 
was included. De-identified history and 
physical emergency room notes, dis-
charge summaries, and progress notes 
were retrieved for each patient by the 
honest broker of the study (M.S.). In-
formation such as patient demographics 
(age, sex, race), preexisting comorbidi-
ties, and discharge disposition were ob-
tained. Comorbidities considered in the 
study were cancer, congestive heart 
failure, myocardial infarction, chronic 
lung disease, chronic renal disease, and 
cerebrovascular disease (ie, transient 
ischemic attack or stroke) (4). Positive 
history of congestive heart failure and/
or myocardial infarction indicated im-
paired cardiac reserve, whereas positive 
history of chronic obstructive pulmonary 
disease indicated impaired respiratory 
reserve. Short-term death was defined 
as death within 30 days of CT (12).

CT Pulmonary Angiography Protocol
CT pulmonary angiographic studies 
were performed with either a 64-sec-
tion (615 patients) or a 16-section (20 
patients) multidetector CT scanner (GE 
Medical System, Milwaukee, Wis) by 
using a standard CT pulmonary angi-
ography protocol for PE with the fol-
lowing imaging parameters: detector 
width, 64 3 0.625 or 16 3 1.25 mm; 
section thickness, 1.25 mm; rota-
tion time, 0.5 second; 120 kVp; and 
380 mAs. Images were obtained after 
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(range, 0%–82.5%) and the median 
Mastora score was 5.2% (range, 0%–
82.6%). Signs of right heart dysfunction 
as measured on the CT pulmonary an-
giographic images are summarized in 
Table 2. In 12 cases, disagreement in 
imaging analysis among the readers was 
resolved by the senior investigator.

Correlation between Clot Volume and 
Other Indexes of Clot Burden
Clot volume showed moderate (r = 
0.550, P , .001) correlation with the 
number of clots and strong correlation 
with the proximal extension of the clot 
(r = 0.762, P , .001); distribution of 
clot volume according to proximal ex-
tension of the clot is shown in Figure 
2. The measures of clot burden per 
location and the correlations between 
clot volume and Qanadli and Mastora 
scores are presented in Table 3. For the 
entire set of 635 CT pulmonary angio-
graphic studies, strong positive correla-
tions were noted between clot volume 
and Qanadli score (r = 0.841, P , .001) 
(Fig 3a) and between clot volume and 
Mastora score (r = 0.863, P , .001) 
(Fig 3b). Furthermore, the Qanadli 
score correlated strongly with the Mas-
tora score (r = 0.876, P , .001).

Correlation between Clot Volume and CT 
Signs of Right Heart Dysfunction
Clot volume showed moderate corre-
lation (r = 0.378, P , .001) with RV/
LV ratio (Fig 4). The RV/LV ratio was 
greater than or equal to 1.0 in 114 
(18%) patients and less than 1.0 in 521 
(82%) patients. The clot volume in pa-
tients with RV/LV ratio of greater than 
or equal to 1.0 was significantly larger 
(median, 8371.8 mm3) than in patients 
with RV/LV ratio of less than 1.0 (me-
dian, 638.4 mm3) (P , .001). Among 
the patients with RV/LV ratio of greater 
than or equal to 1.0, there was a sig-
nificant difference in the clot volume 
among the four groups of patients with 
different cardiac and respiratory re-
serve (P = .011), whereas no significant 
difference was appreciated in patients 
with RV/LV ratio of less than 1.0 (Table 4). 
Results of pairwise comparisons among 
the groups in patients with RV/LV ra-
tio of greater than or equal to 1.0 are 

associated with 30-day mortality, only 
clinical and imaging variables that were 
significant (P = .1, univariate analysis) 
were included in the multivariate step-
wise logistic regression analysis. For 
scale variables independently associ-
ated with short-term mortality, the 
classification and regression tree method 
was used to determine the optimal cut-
off values predictive of short-term mor-
tality (28). All statistical analyses were 
performed by using commercially avail-
able software program (Stata version 11; 
Stata, College Station, Tex).

Results

Population
Among 5425 clinical CT pulmonary 
angiographic studies, findings of 724 
(13.3%) were positive for PE. A total of 
60 studies were excluded because clinical 
information (ie, short-term mortality and 
comorbidities) was not available (n = 18) 
or because they were follow-ups of the 
initial CT pulmonary angiographic studies 
(n = 42). In the remaining 664 studies, 
29 were excluded because of suboptimal 
image quality, that is, diagnostic for PE 
but inadequate image quality for accu-
rate quantification of clot burden. Con-
sequently, a total of 635 studies from 635 
patients were included in the final study 
population (Fig 1). There were 304 (48%) 
men (mean age, 58 years; range, 18–94 
years) and 331 (52%) women (mean age, 
61 years; range, 18–102 years). Patients’ 
comorbidities are presented in Table 1
. There were 513 (80%) inpatients and 
122 (20%) outpatients. Thirty-nine (6%) 
patients died within 30 days after CT 
scanning; the interval between the di-
agnosis of PE and death was 0–25 days 
(mean, 10 days).

There were a total of 1937 PEs in 635 
patients, with a median of two clots per 
patient (range, 1–29). The most proxi-
mally affected pulmonary artery branch 
was mediastinal in 182 (28%) patients, 
lobar in 151 (25%) patients, segmen-
tal in 202 (32%) patients, and subseg-
mental in 100 (15%) patients. The me-
dian blood clot volume per patient was 
885.8 mm3 (range, 6.8–47 220.4 mm3). 
The median Qanadli score was 12.5% 

considered peripheral. The algorithms 
for the calculation of Qanadli and Mas-
tora scores are described in Appendix 
E1 (online). The Qanadli and Mastora 
scores were converted to a percentage 
value of the obstruction of the pulmonary 
arterial vessels by dividing them by 40 
and 155, respectively. The quantification 
of PE volume (in cubic millimeters) was 
performed by using a dedicated soft-
ware program developed on the basis of 
a modified seeded region-growing algo-
rithm and implemented in a dedicated 
workstation for image analysis (19). The 
algorithm is briefly explained in Appen-
dix E2 (online).

Statistical Analysis
The normal distribution of the measures 
of clot burden (clot volume, Qanadli 
score, Mastora score) was tested by 
using Shapiro-Wilk W test. The corre-
lation between clot volume and two clot 
burden indexes (Qanadli and Mastora 
scores) was assessed with the Pearson 
coefficient (r) for normally distributed 
data and with the Spearman rank coef-
ficient (r) for nonnormally distributed 
data. The correlation between clot vol-
ume and CT signs of right heart dys-
function was also evaluated. A P value 
of .05 was used to indicate a significant 
association. Patients were divided into 
four groups according to their cardiac 
and respiratory reserve. Group 1 in-
cluded those with normal cardiac and 
respiratory reserve; group 2, impaired 
cardiac reserve but normal respiratory 
reserve; group 3, normal cardiac re-
serve but impaired respiratory reserve; 
and group 4, impaired cardiac and re-
spiratory reserve. The Kruskal-Wallis 
test was used to assess the significance 
in the difference of clot volume among 
the four patient groups with RV/LV ra-
tio of less than 1.0 and with RV/LV ra-
tio of greater than or equal to 1.0 (right 
heart dilatation). Pairwise comparison 
among groups was conducted by using 
the Mann-Whitney U test.

Associations between short-term 
mortality and comorbid conditions, CT 
signs of right heart dysfunction, and clot 
burden measures were assessed by using 
logistic regression models. To identify 
CT imaging parameters independently 
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found between the short-term mortality 
and the number (P = .247) or proxi-
mal extension (P . .152) of PEs, nor 
was there any significant association 

mortality at univariate analysis. Table 
8 displays the association between the 
measures of clot burden and short-term 
mortality. No significant association was 

reported in Table 5. The clot volume in 
patients with impaired cardiac reserve 
but normal respiratory reserve (group 
2) was significantly lower than that in 
patients with normal cardiac and respi-
ratory reserve (group 1) (P = .048); the 
clot volume in patients with impaired 
cardiac and respiratory reserve (group 
4) was significantly lower than that in 
patients with normal cardiac reserve 
but impaired respiratory reserve (group 
3) (P = .044). There was no signifi-
cant difference in clot volume between 
group 3 and group 1, and no difference 
was appreciated between group 2 and 
group 4.

The correlation between clot vol-
ume and interventricular septum mor-
phology was moderate (r = 0.433). The 
clot volume in patients with normal 
morphology interventricular septum  
(n = 489; median, 593.5 mm3) was sig-
nificantly lower than that in patients 
with flattened interventricular septum 
(n = 99; median, 2895.2 mm3; P , 
.001; Mann-Whitney U test) and that 
in patients with bowing interventricular 
septum (n = 47; median, 15 377.8 mm3; 
P , .001; Mann-Whitney U test). The 
clot volume showed only weak corre-
lation with the other CT signs of right 
heart dysfunction, including the PA/
Ao ratio (r = 0.224), the superior vena 
cava diameter (r = 0.104), the azygos 
vein diameter (r = 0.167), and contrast 
medium reflux into the IVC (r = 0.067).

Association of Short-term Mortality with 
Measures of Clot Burden and Signs of 
Right Heart Dysfunction at CT
Univariate analysis.—Among the pa-
tients’ demographics and comorbidi-
ties, only presence of cancer (P = .007) 
and congestive heart failure (P = .006) 
were significantly associated with short-
term death at univariate analysis (Table 
6). The associations between CT signs 
of right heart dysfunction and short-
term mortality are reported in Table 
7; increased RV/LV ratio (P , .001), 
increased PA/Ao ratio (P = .052), flat-
tening of interventricular septum (P = 
.030), bowing of interventricular sep-
tum (P = .005), and contrast medium 
reflux into the IVC (P = .001) were sig-
nificantly associated with short-term 

Figure 1

Figure 1: Flowchart of patient 
selection.

Table 1

Distribution of the Final Population According to Sex and Comorbidities

Characteristic No. of Patients (n = 635)* Age (y)† P Value

Sex .015‡

 Male 304 (47.9) 58 6 16
 Female 331 (52.1) 61 6 18
Cancer ,.001‡

 Yes 172 (27.1) 64 6 15
 No 463 (72.9) 58 6 18
Congestive heart failure ,.001‡

 Yes 95 (15.0) 69 6 15
 No 540 (85.0) 58 6 17
Myocardial infarction ,.001‡

 Yes 115 (18.1) 67 6 14
 No 520 (81.9) 58 6 17
Chronic lung disease .002‡

 Yes 196 (30.9) 63 6 16
 No 439 (69.1) 58 6 17
Chronic renal disease .130
 Yes 48 (7.6) 63 6 16
 No 587 (92.4) 59 6 17
Cerebrovascular disease .064
 Yes 68 (10.7) 63 6 17
 No 567 (89.3) 59 6 17

* Data in parentheses are percentages.
† Data are means 6 standard deviation.
‡ Significant at P , .05 (Student t test, two tailed).
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indexes should likewise increase as the 
number of pulmonary artery segments 
and heightened degree of obstruction 
are affected by PE. In particular, cor-
relations between clot volume and Qa-
nadli and Mastora scores were stronger 
with the involvement of central pulmo-
nary arteries than with the involvement 
of peripheral pulmonary arteries. This 
difference could be explained, since 
the clot burden from subsegmental pul-
monary arteries is less contributory to 
the Mastora and Qanadli index. The 
subsegmental clots are not included in 
the calculation of the Mastora score, 
whereas they are given one point in 
the Qanadli scoring, regardless of their 
extension and number of the affected 
subsegmental arteries in each segmen-
tal branch. In our study, 100 (15%) 
patients had clots located only in sub-
segmental arteries, with a median vol-
ume of 152.1 mm3 (range, 7.4–1305.4 
mm3).

A number of CT signs of right heart 
dysfunction have been proposed for 
predicting prognosis of patients with 
acute PE (9–12). Among the signs in-
cluded in this study, the RV/LV ratio 
(r = 0.378) and the morphology of the 
interventricular septum (r = 0.433) 
showed the highest correlation with 
clot volume. The results of our study 
demonstrated that patients with right 
heart dilatation (RV/LV ratio  1.0) 
tended to have significantly larger clot 
volume than those without right heart 
dilatation; accordingly, the clot volume 
in patients with flattened or bowing in-
terventricular septum was larger than 

, .001) remained independently and 
significantly associated with short-term 
mortality (Table 9). The discriminator 
cut-off value for RV/LV ratio calculated 
with the classification and regression 
tree method was 1.0.

Discussion

The results of our study demonstrated 
that in patients with acute PE, the clot 
volume measured on CT pulmonary 
angiographic images strongly corre-
lated with the conventional indexes of 
clot burden (ie, Qanadli and Mastora 
scores). This finding is expected, since 
both the clot volume and the clot burden 

between the Qanadli score and short-
term mortality (P = .995) or between 
the Mastora score and short-term mor-
tality (P = .659). There was no signif-
icant association between blood clot 
volume and short-term mortality (P = 
.750).

Multivariate analysis.—A multivar-
iate model was created by using the 
following variables: cancer, congestive 
heart failure, RV/LV ratio, PA/Ao ratio, 
flattening of interventricular septum, 
bowing of interventricular septum, and 
contrast medium reflux into the IVC. 
After the analysis, history of conges-
tive heart failure (P = .004), cancer (P 
= .004), and increased RV/LV ratio (P 

Table 3

Correlation between Clot Volume and CT Indexes of Clot Burden according to Most Proximal Extension of PE

Proximal Extension of PE Clot Volume (mm3)* Qanadli Score (%)* Mastora Score (%)*
Clot Volume vs Qanadli  
Score (r)†

Clot Volume vs Mastora  
Score (r)†

Central PA (n = 333)‡ 6302.1 6 8064.5 (2863.1) 27.9 6 15.2 (25.0) 17.5 6 14.9 (12.3) 0.741 0.806
Peripheral PA (n = 302)§ 484.5 6 780.3 (222.4) 5.2 6 4.9 (2.5) 2.8 6 4.1 (1.9) 0.487 0.510
All patients (n = 635) 3535.3 6 6542.2 (885.8) 17.1 6 16.1 (12.5) 10.5 6 13.4 (5.2) 0.841 0.863

Note.—All correlations were calculated by using Spearman rank coefficient. PA = pulmonary arteries.

* Data are means 6 standard deviation; data in parentheses are the medians.
† Significant at P , .01 (two tailed).
‡ Mediastinal and lobar pulmonary arteries.
§ Segmental and subsegmental pulmonary arteries.

Table 2

CT Pulmonary Angiographic Signs of Right Heart Dysfunction

Sign Datum Median Value

RV/LV ratio* 0.9 6 0.2 (0.4–2.0) 0.9
PA/Ao ratio* 0.8 6 0.1 (0.5–1.5) 0.8
Superior vena cava diameter (mm)* 18.0 6 4.1 (7.7–44.5) 18.0
Azygos vein diameter (mm)* 9.9 6 3.0 (4.0–34.2) 9.7
Interventricular septum morphology†

 Normal 489 (77.0) Not applicable
 Flattened 99 (15.6) Not applicable
 Bowing 47 (7.4) Not applicable
Contrast medium reflux into IVC†

 Yes 71 (11.2) Not applicable
 No 564 (88.8) Not applicable
Pulmonary infarcts†

 Yes 123 (19.4) Not applicable
 No 512 (80.6) Not applicable

* Data are means 6 standard deviation; data in parentheses are the range.
† Data are the number of patients; data in parentheses are percentages.
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Figure 2

Figure 2: Box-and-whisker plot shows distribution of clot volume accord-
ing to the proximal extension of the clot (largest pulmonary artery affected): 
mediastinal (mean, 9546.3 mm3 6 699.6; median, 6419.1 mm3), lobar (mean, 
2391.8 mm3 6 234.3; median, 1454.9 mm3), segmental (mean, 613.6 mm3 
6 64.2; median, 314.4 mm3), and subsegmental (mean, 223.8 mm3 6 23.5; 
median, 152.1 mm3). Mediastinal = main pulmonary trunk, right and left 
interlobar arteries.

dilatation, the clot volume changed sig-
nificantly according to the patient’s car-
diac and respiratory function; in partic-
ular, patients with underlying impaired 
cardiac reserve (history of congestive 
heart failure and/or myocardial infarc-
tion) had significantly lower clot vol-
ume than patients with normal cardiac 

circulation, resulting in pressure over-
load of the right ventricle and right 
heart dilatation. Furthermore, we no-
ticed that in patients with right heart 

that in patients with normal (convex 
toward right side) interventricular sep-
tum morphology. Increased clot volume 
is likely to interfere with pulmonary 

Figure 3

Figure 3: Scatter diagrams show strong positive correlation between (a) clot volume and Qanadli score (r = 0.841, P , .01) and (b) clot volume and Mastora 
score (r = 0.863, P , .01).

Figure 4

Figure 4: Scatter diagram shows moderate positive correlation between clot 
volume and RV/LV ratio (r = 0.378, P , .01).
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short-term mortality. However, other 
previous studies failed to prove any 
association between mortality and in-
creased RV/LV ratio (12,15,16). We 
postulate that the inconsistency noted 
in previous studies could be partially 
due to the difference in the RV/LV 
ratio measurements (eg, standard ax-
ial view of the heart vs reconstructed 
four-chamber view) and diversity of 
CT acquisition (different CT scanner 
geometry).

According to our results, flattening 
and bowing of interventricular sep-
tum to the left was associated with 
short-term mortality in the univariate 
analysis, as was in previous observa-
tions on an echocardiography study 
(34). However, two studies based on CT 
imaging findings reported that bowing 
of interventricular septum was inconsis-
tent in predicting death associated with 

(10,11,31). Hemodynamic effect of PE 
leading to the development of right 
heart dysfunction has been previously 
described (32). Pulmonary arterial ob-
struction increases pulmonary vascular 
resistance and sudden elevation in af-
terload, thereby resulting in a dilatation 
of the right ventricle, compromise of 
coronary perfusion and septal shift to-
ward the left ventricle, and reduction 
of left ventricular preload. The cut-off 
values of RV/LV ratio associated with 
right heart dysfunction vary among 
published studies. The value of 0.9 was 
proposed when the ratio was measured 
on a reconstructed four-chamber view 
(31,33). On the other hand, values of 
1.0–1.5 were used when the measure-
ments were performed on standard 
axial view of the heart (9,12,17,24). In 
our study, a RV/LV ratio cut-off value 
of 1.0 was found to be predictive of 

reserve. On the other hand, the clot 
volume did not significantly differ in pa-
tients with preexisting impaired respi-
ratory reserve. This differential finding 
may be interpreted such that patients 
with preexisting impaired cardiac re-
serve tend to develop right heart strain 
with lesser amount of clot blood than 
patients with normal cardiac reserve 
(29,30). However, it may be difficult to 
discern in patients with impaired car-
diorespiratory reserve, whether right 
heart dilatation is associated with de 
novo clot burden or represents a preex-
isting alteration.

In our study, among the considered 
CT signs of right heat dysfunction, the 
RV/LV ratio, PA/Ao ratio, flattening 
and bowing of interventricular septum, 
and contrast medium reflux into the 
IVC were associated with short-term 
mortality in the univariate analysis. 
However, only the increase in RV/LV 
ratio was independently associated 
with short-term mortality, along with 
history of congestive heart failure and 
cancer. Other CT signs of right heart 
dysfunction or CT measures of clot bur-
den were not independently significant 
for the prediction of short-term mortal-
ity. Our results are in agreement with 
those of some previous studies; a larger 
RV/LV ratio detected at CT pulmo-
nary angiography has been correlated 
with clinically severe PE (15) and an 
increased risk of short-term mortality 

Table 4

Clot Volume according to RV/LV Ratio and Cardiac and Pulmonary Reserve Group

RV/LV Ratio  1.0 RV/LV Ratio , 1.0

Group No. No. of Patients Clot Volume (mm3)* No. of Patients Clot Volume (mm3)*
1 62 13 415.4 6 10 808.2 (10 679.3) 287 1763.9 6 2734.9 (612.6)
2 22 8499.7 6 8761.9 (6206.8) 68 1265.2 6 1570.1 (756.6)
3 15 14 348.6 6 13 064.7 (13 211.4) 105 1799.9 6 3383.7 (588.3)
4 15 6316.8 6 10 096.3 (1188.1) 61 2211.5 6 3973.2 (859.1)
Total 114 11 655.5 6 10 931.1 (8371.8) 521 1758.5 6 2932.4 (638.4)

Note.—Group 1, normal cardiac and respiratory reserve; group 2, impaired cardiac reserve but normal respiratory reserve; 
group 3, normal cardiac reserve but impaired respiratory reserve; and group 4, impaired cardiac and respiratory reserve.

* Data are means 6 standard deviation; data in parentheses are the medians. Significant at P , .05 (Kruskal-Wallis test).

Table 5

Pairwise Comparison among Different 
Groups of Cardiac and Pulmonary 
Reserve for Patients with RV/LV  
Ratio  1.0

Group

Group 1 2 3 4
1 — .048* .979 .003*
2 — — .216 .173
3 — — — .044*

Note.—Data are P values. Group 1, normal cardiac and 
respiratory reserve; group 2, impaired cardiac reserve 
but normal respiratory reserve; group 3, normal cardiac 
reserve but impaired respiratory reserve; and group 4, 
impaired cardiac and respiratory reserve.

* Significant at P , .05 (Mann-Whitney test). Table 6

Univariate Associations between Patient Demographics, Comorbidities, and  
Short-term Mortality

Variable No. of Survivors (n = 596)* No. of Deceased Patients (n = 39)* P Value

Age . 65 years 245 (41.1) 19 (48.7) .431
Male sex 281 (47.1) 23 (58.9) .156
Cancer 154 (25.8) 18 (46.1) .007†

Congestive heart failure 83 (13.9) 12 (30.8) .006†

Myocardial infarction 104 (17.4) 11 (28.2) .129
Chronic lung disease 182 (30.5) 14 (35.9) .484
Chronic renal disease 43 (7.2) 5 (1.3) .207
Cerebrovascular disease 62 (10.4) 6 (1.6) .333

* Numbers in parentheses are percentages.
† Significant at P , .1.
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no significant difference between the 
two groups (9). No significant associ-
ation between the diameters of the su-
perior vena cava and the azygos vein, 
presence of pulmonary infarcts, and 
short-term mortality was observed. 
However, another study noted a signif-
icant difference in the diameter of su-
perior vena cava between patients with 
severe PE and patients with nonsevere 
PE (9). Two other studies reported that 
the mean diameter of the azygos vein 
and superior cava vena was higher in 
nonsurvivors than in survivors (10,11). 
Presence of pulmonary infarcts was not 
associated with mortality in two previ-
ous studies (10,17).

Our results demonstrated that semi-
quantitative scores of clot burden or clot 
volume were not significantly associated 
with the prediction of short-term mortal-
ity. According to the literature, two small 
studies reported strong correlations be-
tween semiquantitative scores of clot 
burden and short-term mortality (13,14), 
whereas a greater number of studies 
failed to show a significant correlation be-
tween the Qanadli score and short-term 
mortality (10–12,15,18) or between the 
Mastora score and short-term mortality 
(10). According to our results, blood clot 
volume does not appear to increase the 
risk of short-term mortality, which is 
in agreement with findings of a recent 
study (20). Nakada et al (20) measured 
PE volume in 48 patients by manually 
defining clot contours on CT pulmonary 
angiographic images and demonstrated 
that clot volume was not significantly dif-
ferent between survivors and deceased 
patients. In addition to clot burden, there 
may be a number of factors affecting 
cardiovascular response to PE. For ex-
ample, the release of a vasoconstrictor, 
such as serotonin, appears to play an 
important role in determining pulmonary 
vasoconstriction (ie, reflex vasoconstric-
tion) (35). Furthermore, changes in lung 
perfusion may not be directly reflected by 
clot volume; morphology of the clot may 
play an important role. Finally, the lack 
of association between clot burden and 
short-term mortality may in part be due 
to the low clot burden observed in our 
study population; there was a median of 
two clots per patients, and the median 

Table 7

Univariate Associations between CT Signs of Right Heart Strain and Short-term 
Mortality

Variable Survivors (n = 596) Deceased Patients (n = 39) P Value

RV/LV ratio* 0.8 (0.8 6 0.2) 0.9 (1.0 6 0.3) ,.001†

PA/Ao ratio* 0.8 (0.8 6 0.1) 0.8 (0.9 6 0.1) .052†

Superior vena cava diameter (mm)* 18.0 (18.1 6 4.1) 17.2 (17.8 6 3.7) .748
Azygos vein diameter (mm)* 9.7 (9.9 6 2.9) 9.0 (9.6 6 3.1) .499
Interventricular septum flattened‡ 89 (14.9) 10 (25.6) .030†

Interventricular septum bowing‡ 40 (6.7) 7 (17.9) .005†

Contrast medium reflux into IVC‡ 60 (10.1) 11 (28.2) .001†

Pulmonary infarcts‡ 115 (19.3) 8 (20.5) .718

* Values are the medians and values in parentheses are means 6 standard deviation.
† Significant at P , .1.
‡ Values are number of patients and values in parentheses are percentages.

Table 8

Univariate Associations between Measures of Clot Burden and Short-term Mortality

Variable Survivors (n = 596) Deceased Patients (n = 39) P Value

No. of PEs* 2.0 (3.1 6 3.1) 2.0 (2.5 6 2.1) .247
Proximal level of PE†

 Mediastinal PA 172 (28.8) 10 (25.6) —
 Lobar PA 145 (24.3) 6 (15.4) .520
 Segmental PA 183 (30.7) 19 (48.7) .152
 Subsegmental PA 96 (16.1) 4 (10.2) .582
Qanadli score (%)* 12.5 (17.0 6 15.9) 7.5 (17.1 6 19.6) .995
Mastora score (%)* 5.1 (10.4 6 13.1) 3.2 (11.4 6 17.1) .659
Blood clot volume (mm3)* 927.3 (3556.4 6 6598.3) 630.4 (3211.8 6 679.7) .750

Note.—PA = pulmonary artery. Mediastinal pulmonary artery includes pulmonary artery trunk, main right and left pulmonary 
arteries, and right and left interlobar pulmonary arteries.

* Values are median, and values in parentheses are means 6 standard deviation.
† Values are the number of patients and values in parentheses are percentages.

Table 9

Multivariate Stepwise Logistic Regression Analysis

Variable Odds Ratio 95% Confidence Interval P Value*

Cancer 2.69 1.36, 5.32 .004
Congestive heart failure 2.97 1.41, 6.28 .004*
RV/LV ratio 12.27 3.52, 42.73 , .001

* Significant at P , .05.

PE (12,17). Reflux of contrast medium 
into the IVC was recently described 
as a predictor of mortality in patients 
with PE (10). The univariate analysis in 
our study also revealed that reflux into 
the IVC was significantly associated 

with short-term mortality. However, 
it was not significant in the multi 
variable analysis. This observation is 
in agreement with that in a study that 
compared this sign in patients with se-
vere versus nonsevere PE and reported 
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difference was more pronounced  in the 
subgroup of patients who had normal 
cardiorespiratory reserve. In addition, 
in patients with acute PE, right heart 
dilatation was associated with higher 
risk for short-term mortality along with 
history of congestive heart failure and 
cancer. Other CT signs of right heart 
dysfunction and measures of clot bur-
den did not show statistically significant 
association with short-term mortality.
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