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CT pulmonary angiography is the study of choice for 
accurate and reproducible diagnosis of acute pulmo-

nary embolism (PE) (1). Despite remarkable advances in 
diagnostic work-up, survival rates after acute PE still vary 
widely, with short-term survival ranging from 71% to 95% 
and long-term survival from 61% to 75% (2,3). Thus, it 
has become a clinical priority to develop a means of rapid 
and confident risk stratification in patients with acute PE, 
to improve both short- and long-term survival (4).

Prognostic approaches derived from CT pulmonary 
angiography are particularly attractive owing to their sim-
plicity and availability. One such approach is the CT ob-
struction index (CTOI) described by Qanadli et al (5). The 
CTOI is a clot burden score for acute PE that assigns a 
heavier weight when the vessel is fully occluded than when 
it is only partially obstructed, providing information re-
garding blood flow in the parenchyma distal to the clot. 
However, controversial results have been reported regard-
ing the ability of the CTOI to predict mortality in patients 
with acute PE (6–8). The discrepancies may be related 
to the limited numbers of patients in most prior studies, 
and the failure to account for the presence or absence of 
concomitant comorbidities. Other studies emphasize the 

importance of providing individualized patient care de-
pending on PE severity (4,9), both to ensure adequate 
treatment and monitoring of patients with severe disease 
and to identify low-risk patients who will benefit from out-
patient treatment.

In this study, our intent was to develop a mortality risk 
stratification model for patients presenting with nonmas-
sive acute PE. Massive PE was defined as systemic hypo-
tension (systolic blood pressure , 90 mm Hg for at least 
15 minutes). The model accounted for CTOI, patient age, 
and the presence or absence of cardiopulmonary disease 
(CPD), under the assumption that CPD influences the 
predictive value of CTOI.

Materials and Methods
The institutional ethics committee approved this single-
center retrospective study and waived the requirement for 
informed consent.

Study Population
This study included data from consecutive inpatients or 
outpatients who visited the emergency department with 
CT pulmonary angiography–proven nonmassive acute 
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Purpose: To investigate the prognostic value of an integrative approach combining clinical variables and the Qanadli CT obstruction 
index (CTOI) in patients with nonmassive acute pulmonary embolism (PE).

Materials and Methods: This retrospective study included 705 consecutive patients (mean age, 63 years; range, 18–95 years) with proven 
PE. Clot burden was quantified using the CTOI, which reflects the ratio of fully or partially obstructed pulmonary arteries to normal 
arteries. Patients were subdivided into two groups according to the presence (group A) or absence (group B) of preexisting cardiopul-
monary disease. Thirty-day and 3-month mortality was evaluated. CTOI thresholds of 20% and 40% were used to stratify patients 
regarding outcome (low, intermediate, and high risk). The predictive value of CTOI was assessed through logistic regression analysis.

Results: Analysis included 690 patients (mean age, 63.3 years 6 18 [standard deviation]) with complete follow-up data: 247 (36%) in 
group A and 443 (64%) in group B. The mean CTOI was 23% 6 19, 30-day mortality was 9.7%, and 3-month mortality was 11.6%. 
Three-month mortality was higher in group A than in group B (17.8% and 8.1%, respectively; P = .001). Within group B, CTOI pre-
dicted outcome and allowed stratification: significantly higher mortality with CTOI greater than 40% (P , .001) and lower mortality 
with CTOI less than 20% (P = .05). CTOI did not predict outcome in group A. Age was an independent mortality risk factor (P  
.04).

Conclusion: CTOI predicted outcome in this cohort of patients with PE and no cardiopulmonary disease, and it may provide a simple 
single-examination–based approach for risk stratification in this subset of patients.
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lobes, two to the middle lobe or lingula, and five to the lower 
lobes). In the presence of a proximal or lobar clot, the segmental 
and subsegmental arteries were not interpreted. Clot burden was 
calculated using the following formula:

( ) ( )Percentage of obstruction CTOI   / 40 100n d  = ∑ ⋅ × ,

where n is the number of segmental vessels arising distally 
(minimum, 1, indicates occlusive disease in one segment; max-
imum, 20, indicates occlusive disease in both the right and left 
pulmonary arteries), and d is the degree of obstruction (0, pat-
ent vessel; 1, partial occlusion; 2, completely occluded vessel).

Outcome Predictors and Risk Stratification Model
The study population was subdivided into two groups accord-
ing to the presence (group A) or absence (group B) of preexist-
ing CPD, using a structured approach based on image analysis 
and retrospective case file review. Group A included patients 
with CPD presence within the 3 months preceding patient 
enrollment. A patient was considered to have cardiac disease 
(congestive heart failure, cardiomyopathy, ischemic heart dis-
ease, or valvular heart disease) if noted on electronic health 
records, and atrial fibrillation was considered CPD after a 
second episode. Pulmonary diseases included chronic obstruc-
tive pulmonary disease, which is defined by the World Health 
Organization as a history of chronic bronchitis or pulmonary 
emphysema as a thin-section CT imaging finding (12). We also 
included lung cancer and pulmonary metastases because they 
are significant risk factors for patients with PE (13).

We calculated 30-day and 3-month mortality rates based 
on death certificates retrieved from clinical files. Most PE-
related deaths occur within 30 days, and the 3-month time 
point provided additional prognostic information about sur-
viving patients (14).

The probability of death was computed using logistic regres-
sion analysis and plotted as a function of CTOI for groups A 
and B, and for the overall study population (mean of group A 
and B). We also plotted the proportion of patients who died 
within 3 months as a baseline risk reference, as well as two pre-
viously reported discrete CTOI severity thresholds (20% and 
40%) (15,16).

In a second step, we assessed whether the 20% and 40% 
CTOI thresholds could be used to stratify patients into low-
risk (1%–17.5%), intermediate-risk (20%–37.5%), or high-
risk (40%) groups. To this end, we converted the CTOI score 
(continuous variable) into an ordinal scale and performed uni-
variate logistic regression. The effects of sex and age were also 
assessed using univariate logistic regression. The probability of 
death as a function of age among group B patients was derived 
by logistic regression and plotted according to CTOI (low-, in-
termediate-, or high-risk category). Finally, outcome predictors 
(age, CPD, and CTOI) were tested in multivariate analysis.

Statistical Analysis
Statistical analysis was performed using Anaconda 2.7, a free 
distribution of the Python programming language (version 
2.7; Python Software Foundation, Wilmington, Del), and the 

PE, as defined by the American Heart Association (10), be-
tween January 2013 and December 2015. To identify these pa-
tients, the institutional electronic health database was queried 
by a radiologist with 5 years of experience in cardiovascular 
imaging (D.C.R.). Patients were excluded if they were younger 
than 18 years or underwent thrombolysis. A total of 705 con-
secutive patients were identified, including 376 women and 
329 men (mean age, 63 years; range, 18–95 years).

Image Acquisition, Analysis, and Obstruction Index
All patients underwent CT pulmonary angiography with a 64-
row multidetector system (LightSpeed VCT; GE Healthcare, 
Milwaukee, Wis), following a standard protocol. The acquisi-
tion and reconstruction parameters were as follows: tube po-
tential, 120 kVp; tube current, 100–300 mA; beam collima-
tion, 64 mm × 0.625 mm; beam pitch, 0.984; gantry rotation, 
0.6 second; acquisition direction, caudocranial; reconstruction 
kernel, standard; slice thickness, 1.25 mm; and section overlap, 
1 mm. Bolus tracking was used after the injection of 80 mL 
iohexol (concentration: 300 mg I/mL) at a flow rate of 4 mL/
sec, followed by a flush with 40 mL physiologic saline, during 
a single breath hold.

Images were reviewed with an Advantage Workstation (GE 
Healthcare, Buc, France), using standard mediastinal windows 
with real-time ability to change the window width and level 
settings for optimal vessel visualization. Image review was per-
formed by two radiologists (S.D.Q. and D.C.R.) with 18 and 
5 years, respectively, of experience in reading cardiothoracic CT 
examinations, who were blinded to the patient outcome. Im-
ages were reviewed in consensus rather than independently, since 
the interrater reliability for CTOI has been evaluated previously 
(11). The CT pulmonary angiography criteria for PE diagnosis 
included direct visualization of nonocclusive endoluminal em-
bolus (central filling defect completely or partially outlined by 
contrast agent), or complete occlusion by thrombus in normal-
sized or enlarged vessels. Clot burden was quantified following 
the method described by Qanadli et al (5), in which each lung 
is considered to have 10 segmental arteries (three to the upper 

Abbreviations
CPD = cardiopulmonary disease, CTOI = CT obstruction index, 
OR = odds ratio, PE = pulmonary embolism, RV = right ventricle

Summary
In patients with pulmonary embolism but without concomitant 
cardiopulmonary disease, the CT obstruction index can identify low-
risk patients who may benefit from outpatient treatment as well as 
high-risk patients who may need more aggressive therapy.

Key Points
 n When combined with clinical factors, the CT obstruction index 

can predict outcomes in the setting of acute pulmonary embolism.
 n A CT obstruction index less than 20% predicts favorable outcome 

in patients with pulmonary embolism but without cardiopulmo-
nary comorbidities or pulmonary malignancy.

 n Patients with pulmonary embolism as well as cardiopulmonary co-
morbidities or pulmonary malignancy are at increased risk for fatal 
outcome regardless of the CT obstruction index.
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Figure 1: Inclusion and exclusion criteria, study population, and subgroups with cardiopulmonary 
disease (group A) and without cardiopulmonary disease (group B). CTPA = CT pulmonary angiography, 
PE = pulmonary embolism.

37 of 690 (5.4%) with both cardiac and pul-
monary disease (Table 2). The most common 
CPDs overall were ischemic heart disease (82 
of 247 [33.2%]) and chronic obstructive pul-
monary disease (77 of 247 [31.2%]). The high-
est mortality rate was found among patients 
with congestive heart failure (five of 25 [20%]) 
and malignancy (12 of 35 [34%]); however, no 
significant difference in CTOI was found in 
surviving patients versus those who have died 
(P = .40). The 30-day and 3-month mortality 
rates were not significantly different. The re-
maining 443 of 690 (64.2%) patients had no 
preexisting CPD (group B). Patients in group 
A were older than those in group B (P , .001). 
Sex distribution was similar between groups 
(Table 1).

In the total study population, the mean 
CTOI was 23% 6 19 (range, 2.5%–82.5%), 
and 165 of 690 patients (23.9%) had a CTOI 
above 40%. Patients in group A had a signifi-
cantly lower mean CTOI (21%) than those in 
group B (24%) (Table 1).

Among all included patients, the 30-day 
all-cause mortality rate was 9.7% (67 of 690 
patients) and the 3-month mortality rate was 

11.6% (80 of 690 patients). Despite having a significantly lower 
CTOI, patients in group A had significantly higher mortality 
rates at both time points. In group A, 36 of 247 patients (14.6%) 
died within 30 days and 44 of 247 patients (17.8%) died within 
3 months of follow-up. In group B, 31 of 443 patients (7%) 
died within 30 days and 36 of 443 patients (8.1%) died within 
3 months of follow-up (Table 1).

Figure 2 shows the estimated mortality rate as a function of 
CTOI within group A, group B, and the overall study popu-
lation. Notably, the CTOI threshold of 20% corresponded to 
the intersection between baseline risk and probability of death as 
a function of CTOI in the overall population, which clinically 
represents the CTOI threshold from which the probability of 
fatal outcome in the overall population exceeds the baseline risk. 
The CTOI threshold of 40% corresponded to the intersection 
between baseline risk and probability of death as a function of 
CTOI in group B, which clinically represents the CTOI thresh-
old from which the probability of fatal outcome among patients 
without preexisting CPD exceeds the baseline risk.

Table 3 shows the predictive value of CTOI. A CTOI of 
40% or more was not associated with increased 30-day mor-
tality within the overall study population or group A, but 
it was significantly associated with a threefold higher risk of 
30-day mortality in group B. A CTOI of 40% or more was 
also significantly associated with a twofold increased risk of 
3-month mortality within the overall population, and with a 
fourfold increased risk of 3-month mortality within group B, 
but not within group A. A CTOI of less than 20% was not 
associated with decreased 30-day mortality within the overall 
population or in group A, but it was significantly associated 
with a twofold lower risk of 30-day mortality in group B. A 

Python module rpy2 (available at https://pypi.python.org/pypi/
rpy2) to link Python with the R 3.1.3 software package (R Core 
Team 2015, Vienna, Austria). The probability of death as a 
function of CTOI was computed using the following logistic 
regression equation:

( 0 1 2)

1Probability  of death
1  CPD CTOIe β β β− + ⋅ + ⋅=

+
,

where βi are the regression coefficients, CPD equals 1 in group 
A, CPD equals 0 in group B, and CTOI is the numeric value 
of the CTOI. The regression coefficients are estimates describ-
ing the correlation between the predictor variable (CTOI) and 
the outcome variable (mortality), obtained directly from the 
logistic regression function. Bivariate statistical analysis was 
conducted using the x2 (Fisher exact test for small samples) or 
Wilcoxon Mann-Whitney test, as appropriate. Both univariate 
and multivariate logistic regression were performed to assess 
the predictive values of age, CPD, and CTOI. Results are ex-
pressed as the number of patients and percentage, or as mean 
6 standard deviation, odds ratio (OR) with 95% confidence 
interval, and P value. A P value of less than or equal to .05 
indicated a significant difference.

Results
Of the eligible patients, 12 of 702 (1.7%) were excluded from 
analysis (Fig 1). Thus, our final analysis included 690 patients 
with 30-day and 3-month follow-up data (Table 1). Of these 
patients, 247 of 690 (35.8%) had preexisting CPD (group A), 
including 126 of 690 (18.3%) with preexisting cardiac disease, 
84 of 690 (12.2%) with underlying pulmonary disease, and 

http://radiology-cti.rsna.org
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CTOI of less than 20% was significantly associated with a 
nearly twofold decreased risk of 3-month mortality within 
the overall population, and with a twofold decreased risk 
of 3-month mortality in group B, but not within group A. 
Compared with low-risk patients (CTOI , 20%), high-risk 
patients (CTOI  40%) showed a 2.7-fold increase of 30-
day mortality (P = .036) and a 3.8-fold increase of 3-month 
mortality (P = .001) in group A.

In the overall population, sex was not associated with either 
30-day mortality (P = .749) or 3-month mortality (P = .672). 
In contrast, each year of age was significantly associated with 
increased 30-day mortality (OR, 1.02; P = .04) and 3-month 
mortality (OR, 1.02; P = .02) in the overall population. Figure 
3 shows the probability of death within 3 months in group B as 
a function of age, within the low-, intermediate-, and high-risk 
CTOI categories. This graph illustrates the greater probability 
of fatal outcome in elderly patients, with a 1.4% increase per 
decade from 30 to 80 years old in group B. In group A, the risk 
of mortality increased by 2.3% per decade.

Finally, we performed multivariate logistic regression analy-
sis with age, CPD presence or absence, and CTOI (continuous 

Table 1: Patient Characteristics, CTOI Values, and Mortality Rates

Variable Overall Group A Group B P Value*

No. of patients 690 247/690 (35.8) 443/690 (64.2)
Sex .602
 Female 368/690 (53) 125/247 (51) 244/443 (55)
 Male 322/690 (47) 122/247 (49) 200/443 (45)
Age (y) 63.3 6 18 67 6 15 61 6 19 ,.001
CTOI (%) 23 6 19 21 6 18 24 6 19 .039
30-day mortality 67/690 (9.7) 36/247 (14.6) 31/443 (7) .001
3-month mortality 80/690 (11.6) 44/247 (17.8) 36/443 (8.1) .001

Note.—Data are numbers with percentage in parentheses or mean 6 standard deviation. Continuous variables compared using 
the Wilcoxon Mann-Whitney test. CPD = cardiopulmonary disease, CTOI = CT obstruction index.
* Group A (patients with CPD) versus group B (patients without CPD).

Table 2: Distribution of Diseases among Group A Patients

Disease Overall 30-day Mortality 3-month Mortality P Value*

Congestive heart failure 25/247 (10.1) 5/25 (20†) 5/25 (20†) .99
Cardiomyopathy 40/247 (16.2) 1/40 (2.5†) 2/40 (5†) .99
Ischemic heart disease 82/247 (33.2) 6/82 (7.3†) 8/82 (9.8†) .781
Valvular heart disease 10/247 (4.0) 0 0 .99
Atrial fibrillation 37/247 (15.0) 2/37 (5.4†) 3/37 (8.1†) .99
COPD‡ 77/247 (31.2) 8/77 (10.4†) 10/77 (13.0†) .803
Lung cancer 25/247 (10.1) 7/25 (28.0†) 8/25 (32†) .99
Pulmonary metastases 10/247 (4.0) 3/10 (30†) 4/10 (40†) .99

Note.—Data are numbers with percentage in parentheses. Group A includes patients with prior cardiopulmonary disease. 
COPD = chronic obstructive pulmonary disease.
* Fisher exact test.
† Mortality rate among patients with the disease.
‡ One patient included in the COPD category had severe bilateral basal bronchiectasis without features of emphysema. This 
patient was still alive at the 3-month time point.

Figure 2: Estimated probability of 3-month mortality as a function of the CT 
obstruction index (CTOI), obtained from the logistic regression model for the overall 
population (green), group A (blue), and group B (red). The horizontal black line 
(baseline risk reference, 11.6%) represents the ratio of patients who died within 3 
months in the overall population, indicating the overall probability of dying following 
the diagnosis of acute pulmonary embolism without taking into account any other 
variable. Group A includes patients with prior cardiopulmonary disease (CPD); 
group B includes patients without CPD. 
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cancer, and pulmonary metastases were the CPDs most often 
found among patients who died.

In this study, we focused on defining a scenario in which 
CT pulmonary angiography findings combined with clinical 
data could be used to predict the outcome of patients with 
acute PE, by stratifying patients based on short-term risk of 
death. The rationale behind developing this single-examina-
tion–based approach included three key components. First, 
the clinical consequences of PE result from pulmonary arte-
rial obstruction and subsequent vasoconstriction (9,17), sup-
porting the likelihood that pathophysiology is correlated with 
outcome. Second, while a high degree of obstruction may be 
correlated with high mortality risk, patients with a low degree 
of obstruction may still have adverse outcomes if they have 
comorbidities (18); thus, the integration of comorbidities is 
required to support therapeutic decision making. Third, de-
fining a subgroup carrying a high risk of death is essential for 
patient stratification, since such patients may benefit from ag-
gressive treatment (9). Conversely, it is also necessary to iden-
tify low-risk patients who will likely have a favorable outcome 
and could benefit from outpatient PE management (19,20).

Several prior reports have highlighted the CTOI as a use-
ful and straightforward indicator of PE severity (6,15,21–27). 
However, its prognostic value remains controversial. Several au-
thors found that CTOI predicted 1-month mortality (15,22), 
45-day mortality (23), 3-month mortality (26), and 6-month 
mortality (21), with mortality rates similar to those found in 
our study (range, 8%–15%) and mortality CTOI cutoff values 
of 40% (26), 45% (15), and 60% (22). None reported a CTOI 
cutoff value for low mortality risk. In contrast, Vedovati et al 
(28) analyzed 579 patients and Furlan et al (6) analyzed 635 pa-
tients, and both studies found no significant correlation between 
CTOI and 30-day mortality. A recent meta-analysis, which in-
cludes 3884 patients from 16 studies, also failed to confirm a 
relationship between CTOI and 30-day mortality (8). There 
are multiple likely reasons for these conflicting results. The pri-
mary reason is likely patient selection bias, especially regarding 
patients with previous comorbidities that might affect patient 
outcome. In our study population reported in this article, 36% 
(247 of 690) of patients had previous CPD, and more than one-
third had known ischemic heart disease. Almost 15% (36 of 
247) of those patients had combined prior cardiac and pulmo-
nary diseases. Distinguishing between patients with and without 

variable) as predictor variables, and 3-month mortality as the 
outcome variable (Table 4). CTOI was the only significant pre-
dictor of mortality (P = .03).

Discussion
The results of this study indicated that a combination of 
CTOI, presence of cardiopulmonary comorbidities (CPD), 
and age could be used to predict outcomes in a large, represen-
tative cohort of patients with acute PE. We found that a lower 
CTOI (, 20%) could identify low-risk patients eligible for 
hospital discharge among those without associated cardiopul-
monary comorbidities. Additionally, our results demonstrated 
that CTOI was only useful for identifying high-risk patients 
within the population who did not exhibit preexisting CPD. 
Patients with prior CPD are at increased risk of adverse out-
come regardless of CTOI, and their mortality in our cohort 
may have been due to CPD. Congestive heart failure, lung 

Table 3: Prognostic Value of CTOI for 30-day and 3-month Mortality (Univariate Logistic Regression)

Population

30-day Mortality CTOI  
40%

30-day Mortality CTOI , 
20%

3-month Mortality CTOI  
40%

3-month Mortality CTOI , 
20%

OR 95% CI P Value OR 95% CI P Value OR 95% CI P Value OR 95% CI P Value

Overall 1.34 0.65, 2.59 .40 0.53 0.23, 1.25 .14 2.03 1.10, 3.64 .02 0.56 0.32, 0.94 .02
Group B 2.9 1.17, 6.83 .02 0.39 0.17, 0.92 .05 4.47 2.07, 9.81 ,.01 0.47 0.21, 0.99 .05
Group A 0.45 0.07, 1.62 .29 0.63 0.27, 1.47 .27 0.6 0.14, 1.87 .43 0.57 0.25, 1.30 .17

Note.—Group A includes patients with prior cardiopulmonary disease (CPD). Group B includes patients without CPD. CI = confidence 
interval, CTOI = CT obstruction index, OR = odds ratio.

Figure 3: Probability of 3-month mortality in group B (patients without cardio-
pulmonary disease [CPD]) as a function of age (in years), obtained from the logistic 
regression model for low- (blue), intermediate- (green), and high-risk (red) CT ob-
struction index (CTOI) scores. Group A patients are not included in this model since 
CTOI had no predictive value in group A (patients with prior CPD). 

http://radiology-cti.rsna.org
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previous CPD enabled us to discriminate a subgroup in which 
the CTOI was an independent indicator of short-term outcome.

Interestingly, the importance of prior CPD has been previ-
ously demonstrated in another context. Studies based on trans-
catheter angiography have reported a good correlation between 
the degree of arterial obstruction and the mean pulmonary arte-
rial pressure (23), revealing that clinical and physiologic mani-
festations of PE are directly related to embolic burden in pa-
tients without prior CPD. In contrast, patients with prior CPD 
typically manifest a greater severity of cardiovascular failure with 
a lesser degree of arterial obstruction (29). Miller et al (30) re-
ported that there is no consistent relationship between the sever-
ity of cardiovascular and right ventricle (RV) functional impair-
ment and the degree of arterial obstruction in patients without 
prior CPD, which is consistent with our results reported herein.

It is important to be able to identify not only the patients 
with high mortality risk, but also those with low mortality risk. 
For this purpose, we used previously reported CTOI thresholds 
of 20% and 40%. The 40% threshold is consistent with those 
most commonly used to predict high mortality risk (21,26,31) 
and was correlated with RV dilatation in a report by Qanadli et 
al (5). Our results indicated that patients without prior CPD 
and with CTOI greater than 40% were at high risk, while pa-
tients without prior CPD and with CTOI less than 20% were 
at low risk of a fatal outcome. CTOI could not be used for risk 
stratification among patients with prior CPD, and other param-
eters likely should be considered in this subgroup. The most 
commonly reported parameter for predicting high mortality risk 
is the RV-to–left ventricle ratio. However, patients with severe 
PE and previously dilated left ventricle might have a false-neg-
ative ratio, while patients with subsegmental PE and previously 
dilated RV for any other reason might have a false-positive ratio. 
Accordingly, a study showed that an increased right-to-left ven-
tricle diameter ratio ( 0.9) was not associated with worse out-
come among low-risk patients (simplified Pulmonary Embolism 
Severity Index = 0) (32). More evaluations are needed to better 
understand the consequences of PE in selected patient groups, 
such as patients with chronic obstructive pulmonary disease and 
patients with ischemic heart disease who have limited cardiore-
spiratory reserve, in whom RV and left ventricle function may 
carry more prognostic information.

Further indicators of hemodynamic compromise that might 
play a significant role in risk stratification are reduced left atrial 
size, indicating underfilling by the pulmonary veins (33) and 
measurement of pulmonary perfusion. However, these indica-
tors have been evaluated to identify high-risk patients rather 
than to establish a real stratification identifying both high- and 
low-risk patients. Current CT systems are increasingly equipped 
with wide-area detectors and dual-energy technology, offering 
further options to depict compromised blood flow in the lung 
parenchyma. Specifically, wide-area detectors facilitate dynamic 
CT perfusion imaging of the lung, a technique that yields a 
quantitative assessment of pulmonary blood flow (34), whereas 
dual-energy CT pulmonary angiography can map iodine distri-
bution in the lung at a single time point, providing a semiquan-
titative assessment of pulmonary perfusion (35). Both of these 
techniques may help determine PE severity and, ultimately, the 

risk for fatal outcome, but scarce data have been published to 
date. Using dynamic CT perfusion technique in 26 patients, 
Mirsadraee et al (34) found that 70% of patients had persis-
tent perfusion abnormalities 3–6 months following acute PE, 
but none had RV dilation. Sakamoto et al (35) performed dual-
energy CT pulmonary angiography and iodine-based material 
decomposition in 72 patients with acute PE to estimate perfused 
blood volume, an indirect descriptor of lung perfusion. They 
found reduced perfused blood volume owing to acute PE to be 
correlated to RV dilation and therefore concluded that perfused 
blood volume can be used to determine PE severity.

As expected, we found age to be a significant indicator of fatal 
outcome. Group A patients were significantly older than group 
B patients, which may partly explain why the CTOI was poorly 
correlated with mortality among unselected elderly patients, as 
previously published (36). Since mortality increased by 1.4% per 
decade in group A versus 2.3% in group B, and patients from 
group B were, on average, 6 years older than those in group A, the 
significantly higher mortality rate in group A was mainly driven by 
other parameters, of which CPDs likely play a determining role. 
We observed no effect of sex, which is in agreement with the find-
ings of an extensive study that includes 2096 patients (37).

This study had several limitations. First, it was a retrospec-
tive uncontrolled study that lacked a propensity-matched cohort 
without PE. Second, we did not include the analysis of cardiac 
cavities on CT pulmonary angiography, which also carries an 
important prognostic value. The right-to-left ventricular ratio, 
as well as left atrium assessment, might help to identify high-
risk patients; however, the incremental value of these variables 
in risk stratification as defined in our current study is question-
able, since no data regarding their usefulness to identify low-risk 
patients exists. Third, we did not evaluate any biomarkers (eg, 
troponin), since they were not routinely measured at our insti-
tution during the study period. Elevated serum troponin levels 
are associated with adverse outcome in patients with acute PE 
(38), especially when associated with RV dilatation (39). Con-
sequently, troponin measurements are recommended to support 
the decision to pursue aggressive treatments such as US-assisted 
catheter-directed thrombolysis for intermediate-risk patients 
(40). However, troponin levels have no established role to iden-
tify low-risk patients as defined in the present study. Fourth, we 
did not assess either the effect of the type or duration of medical 
therapy, or the presence of known deep vein thrombosis. Fifth, 

Table 4: Prognostic Value of Age, CPD, and CTOI for 
3-Month Mortality (Multivariate Logistic Regression)

Variable OR 95% CI P Value

Age* 1.02 0.99, 1.04 .06
CPD† 1.43 0.81, 2.52 .22
CTOI* 1.02 1.01, 1.03 .03

Note.—CI = confidence interval, CPD = cardiopulmonary 
disease, CTOI = CT obstruction index, OR = odds ratio.
* Continuous variable.
† Categorical variable.
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we could not provide a reliable method to account for CPD 
severity or CTOI predictions per CPD category, which could 
help to better understand the prognostic value of the CTOI in 
group A. Finally, the statistical analyses considered 30-day and 
3-month mortality rates from all causes. We did not have a valid 
method for distinguishing PE-related deaths from other causes, 
although some interesting approaches were published by Méan 
et al (36) in 2017. In that prospective multicenter study, a com-
mittee consisting of three blinded clinical experts determined the 
cause of death in consensus, based on sudden, unexpected death 
following a clinically severe PE, or autopsy.

To conclude, we were able to demonstrate that among pa-
tients without CPD, the CTOI had prognostic value for iden-
tifying patients at both high risk and low risk of fatal outcome. 
It is difficult to determine the relative contributions of cardio-
pulmonary comorbidities, pulmonary malignancy, and embo-
lism magnitude to the risk of adverse outcome, which is why the 
CTOI was not a prognostic factor among patients with CPD. 
However, our simple and clinically relevant approach could be 
applied in about two-thirds of the consecutive patients with PE 
in our cohort.
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