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95 % confidence interval, CI 1.88–9.92), RV diameter on 
CT >45 mm (OR 3.07, 95 % CI 1.56–6.03), age >60 years 
(OR 2.59, 95 % CI 1.41–4.77), central embolus (OR 1.96, 
95 % CI 1.01–3.79), and stage-IV cancer (OR 1.94, 95 % 
CI 0.99–3.78). If these five factors were all absent (37.1 % 
of the population), the probability that “CT-RV/LV ratio 
is sufficient to exclude RV strain/PE-related short-term 
death” was 0.97 (95 % CI = 0.95–0.99). Normal CT-RV/
LV ratio plus readily obtained five clinical predictors were 
adequate to exclude RV strain or PE-related short-term 
mortality.

Keywords  Pulmonary embolism · Clinical guidelines · 
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Introduction

Right ventricular (RV) dysfunction is the main pathophys-
iology [1, 2] for the severe morbidity and mortality after 
acute pulmonary embolism (PE) [3, 4]. Transthoracic echo-
cardiography (TTE) is accepted as a reference standard to 
assess RV status after acute PE [1, 2], based on its ability 
to evaluate RV size, systolic function, pressure, volume and 
RV wall motion [5]. TTE provides risk stratification; from a 
treatment perspective this translates into deciding the subset 
of patients for whom aggressive therapies such as throm-
bolysis or thrombectomy/embolectomy are warranted.
The cost and complication profile of the more aggres-

sive treatment pathways underscores the need to accurately 
assess RV status. However, when the decision to initiate 
or to withhold aggressive therapies is clear from a clinical 
perspective or other ancillary data including the CT derived 
RV/left ventricular (LV) diameter ratio, TTE is unlikely to 

Abstract  There is variability in guideline recommen-
dations for assessment of the right ventricle (RV) with 
imaging as prognostic information after acute pulmonary 
embolism (PE). The objective of this study is to identify 
a clinical scenario for which normal CT-derived right-to-
left ventricular (RV/LV) ratio is sufficient to exclude RV 
strain or PE-related short-term death. This retrospective 
cohort study included 579 consecutive subjects (08/2003-
03/2010) diagnosed with acute PE with normal CT-RV/
LV ratio (<0.9), 236 of whom received subsequent echo-
cardiography. To identify a clinical scenario for which 
CT-RV/LV ratio was considered sufficient to exclude RV 
strain or PE-related short-term death, a multivariable logis-
tic model was created to detect factors related to subjects 
for whom subsequent echocardiography detected RV strain 
or those who did not receive echocardiography and died 
of PE within 14 days (n = 55). The final model included 
five variables (c-statistic = 0.758, over-fitting bias = 2.52 %): 
congestive heart failure (adjusted odds ratio, OR 4.32, 
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score such as PE Severity Index [11], assessment of the right 
ventricle with echocardiography or CT, and of myocardial 
injury using a laboratory biomarker, should be considered 
(Class IIa)” [12]. The American College of Radiology 
Appropriateness Criteria includes the RV/LV diameter ratio 
as rationale for CT pulmonary angiography (CTPA) but 
does not address risk stratification by either TTE or CT for 
prognosis among patients diagnosed with acute PE. While, 
to our knowledge, there is no published comprehensive uti-
lization data for TTE to assess the RV (e.g., how often TTE 
is used after acute PE diagnosis), its presence cardiology 
guidelines and general knowledge argues that it is com-
monly performed after acute PE. We hypothesize that TTE 
can be averted in some patients from whom CT-based data 
can be integrated into a risk stratification profile with suf-
ficient prognostic information. For example, it may be the 
case that an obviously normal CT-RV/LV diameter ratio will 
be sufficient to exclude RV strain, at least in a subpopulation 
of patients. The purpose of this study is to develop a clini-
cal prediction rule to identify the subpopulation for which 
CT-derived data can be used to predict normal RV function 
and survival from 14-day PE-related mortality among those 
patients who were diagnosed with acute PE and normal RV/
LV diameter ratio by CTPA.

Methods

Study population

The Brigham and Women’s Hospital (BWH) Institutional 
Review Board (IRB) approved this HIPAA-compliant retro-
spective cohort study; written informed consent was waived 
since patient data was analyzed anonymously. Among all 
CTPA examinations performed at this large, urban teaching 
hospital between August 2003 and March 2010, all consecu-
tive studies with a diagnosis of acute PE and a normal RV/LV 
diameter ratio [13, 14] (measurements described below) were 
included in this study.

CTPA and echocardiography

All CTPA examinations were performed in the craniocau-
dal direction with 16-, 64-, or 128-MDCT scanners without 
ECG-gating. Images were acquired with the section thick-
ness of 1.0–1.25 mm at 80–130 kVp with effective milli-
ampere of approximately 140–200 mAs, after intravenous 
administration of 75–100 mL iodinated (370 mg iodine per 
mL) contrast media at 3–4 mL/s, timed by bolus tracking at 
the main pulmonary artery.
The CT-RV/LV diameter ratios were calculated from a 

reformatted 4-chamber image using a standardized double-
oblique method [15, 16] on a dedicated 3D workstation (Vit-

impact clinical management and may not be an appropriate 
use of resources. This study develops and examines a clini-
cal scenario for which the CT derived RV/LV diameter ratio 
reported by the radiologist, combined with clinical informa-
tion, adequately predicts the absence of short term mortality 
from acute PE.
Current guidelines vary regarding CT RV data as well as 

TTE utilization after acute PE, likely from the large void of 
data regarding how each is used, and their impact on clinical 
outcomes. This project represents a first step to fill that large 
void. The most recent American College of Cardiology 
Foundation/American Heart Association guideline states 
“Echocardiography identifies patients at increased risk of 
adverse outcomes from acute PE in many studies” [6]. In 
this document, the fibrinolysis recommendations include 
“Fibrinolysis may be considered (Class IIb) for patients 
with submassive acute PE judged to have clinical evidence 
of adverse prognosis (new hemodynamic instability, wors-
ening respiratory insufficiency, severe RV dysfunction, or 
major myocardial necrosis) and low risk of bleeding com-
plications”. The level of evidence was considered “less well 
established” (Level C).

American College of Chest Physicians (ACCP) guide-
lines have evolved over the past 25 years. The 8th edition 
(published in 2008) [7] notes, “Among patients without 
hemodynamic compromise, poor prognostic indicators 
include the following: (1) patients who appear ill, with 
marked dyspnea, anxiety, and low oxygen saturation; (2) 
elevated troponin, indicating right ventricular microinfarc-
tion; (3) right ventricular dysfunction on echocardiography; 
and (4) right ventricular enlargement on chest CT. These 
sick patients are at high risk for an adverse outcome and 
may derive benefit from thrombolytic therapy, even if they 
initially maintain systemic arterial pressure.” The 2012 
ACCP guideline has the following more conservative role 
towards testing, perhaps in part from the circa 2012 initia-
tive to deliver high value, cost-conscious care [8], “labo-
ratory, ECG, echocardiography, and CT evidence of right 
ventricular dysfunction or enlargement, can supplement the 
clinical evaluation of instability; however, they are not suf-
ficiently predictive to serve as indications for thrombolytic 
therapy on their own and we do not recommend that they are 
routinely measured”. While neither TTE nor CT are recom-
mended for routine use [9, 10], this guideline also notes that 
“in selected patients whose initial clinical presentation or 
clinical course after starting anticoagulant therapy suggests 
a high risk of developing hypotension, we suggest admin-
istration of thrombolytic therapy”. Despite the impact of 
this decision and the relative frequency of acute PE, there is 
no explicit clinical prediction rule to identify the high risk 
subpopulation.

The 2014 European Society of Cardiology Guidelines 
state, “In patients at intermediate risk using a prediction 
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Study outcome

Death was confirmed by the Social Security Death Index, 
and the cause of death was determined by reviewing autopsy 
data, death certifications, electronic medical records, and 
the notes from the referring physicians, without knowledge 
of the imaging interpretations. Death was considered as PE-
related by consensus of three physicians, when (1) either the 
autopsy data, death certification, or death report on the elec-
tronic medical record stated that the death was caused by 
PE; or (2) acute respiratory failure, cardiopulmonary arrest 
or shock was the cause of death, in the absence of other 
cardiopulmonary disease.

Patient classification

All patients were placed into one of four categories (Fig. 1) 
that formed two groups, “A” or “B”. For patients in Group 
A, the normal CT-RV/LV diameter ratio was considered suf-
ficient to exclude critical RV strain. The two patient catego-
ries for Group A were (i) those patients who did not undergo 
TTE and did not die from PE within 14 days of diagnosis, 
and (ii) those patients who underwent TTE and the TTE 
findings showed no evidence of RV strain. For Group A 
patients, we used the premise that “no TTE performed with 
no short-term death indicates no critical RV dysfunction, 
and thus the normal CT-RV/LV diameter ratio is sufficient”. 
The remaining patients were placed in Group B: (i) patients 
for whom TTE identified RV strain despite a normal CT-RV/
LV diameter ratio, and (ii) patients who did not have TTE 
but died from PE within 14 days of diagnosis. For Group 
B patients, the CT-RV/LV diameter ratio was considered 
insufficient because it was either discordant with reference 
standard TTE or it failed to predict PE related mortality.

reafX; Vital Images, Minnetonka, MN). On the 4-chamber 
reformatted image, the RV and LV diameters were manu-
ally measured as the maximum distance from the interven-
tricular septum to the endocardial border, perpendicular to 
the long axis of each ventricle. Official CT reports were 
reviewed to separate patients with respect to the most proxi-
mal extension of the embolus: central, lobar, segmental, or 
subsegmental pulmonary artery.
Clinical TTE examinations performed within 14 days 

of the positive CTPA were included in the study. All TTE 
were performed in a laboratory accredited by the Intersoci-
etal Accreditation Commission and in accordance with the 
recommendations of the American Society for Echocar-
diography [5]. Standard two-dimensional 2–5 MHz phased 
array transducers were used to perform transthoracic stud-
ies. Each patient was examined in supine position, and 
the patient’s position was adjusted to the acoustic window 
being utilized.

All clinical TTE reports were reviewed for information 
on the RV by a physician who did not measure and who 
was unaware of the results from the RV/LV diameter ratios 
on the CTPA studies. RV strain was considered present 
when any of the following five findings were present: (1) 
reduced RV systolic function assessed qualitatively based 
on the RV wall motion; (2) RV hypokinesia/dyskinesia/aki-
nesia; (3) pulmonary artery systolic pressure >36 mmHg [5, 
17]; (4) moderate or severe dilatation of RV (description of 
RV size was based on 5 categories, determined by quantita-
tively or qualitatively assessed RV/LV end-diastolic diam-
eter ratio: normal, borderline enlargement (corresponding 
to approximately RV/LV = 1), mild enlargement, moderate 
enlargement (corresponding to approximately RV/LV = 1.3), 
and severe enlargement [18, 19]); and (5) abnormal inter-
ventricular septal movement. When RV hypertrophy was 
observed, that case was not counted as “RV strain due to 
acute PE”. When the patient received multiple TTE studies 
during the period, the most abnormal TTE was included in 
the analysis.

Covariate collection

The following data were obtained from the electronic medi-
cal records: age, gender, race, hemodynamic instability 
at initial presentation (instable defined as cardiac arrest, 
shock, or systolic blood pressure <90 mmHg or a decrease 
>40 mmHg from the baseline), co-morbidities (cancer, con-
gestive heart failure (CHF), coronary artery disease, atrial 
fibrillation, chronic lung disease, hypertension, coagulopa-
thies, chronic renal failure, and stroke or transient ischemic 
attack), and recent surgery (≤30 days). For patients with 
cancer, further information regarding those patients who 
were stage-IV and those who underwent recent (≤2 weeks) 
chemotherapy treatment was also collected.

Fig. 1  Definition and selection of the Group A (n = 524), RV/LV right-
to-left ventricular diameter ratio on CT pulmonary angiography, TTE 
transthoracic echocardiography, PE pulmonary embolism, RV right 
ventricle
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patients had reported RV strain on TTE, and the remaining 
two patients had a normal RV on TTE.

Five predictors derived from multivariate logistic 
regression model

The final multivariate logistic regression model included 
five variables (Table 3); RV diameter on CT > 45 mm, CHF, 
age >60 years, and central embolus were the independent 
predictors for being in the Group B. Stage-IV cancer was 
near significant (Table 3). The model had a good discrimi-
nation (c-statistic = 0.758) with the Hosmer–Lemeshow sta-
tistic of 3.15 (lack of fit p value = 0.37). The bootstrapped 
c-statistic was 0.739, and thus the model was internally vali-
dated with the calculated over-fitting bias of 2.52 %.

Probability of Group A

The probability of being in Group A for the five predic-
tors is summarized in Table 4; this includes all 13 combi-
nations of those 5 predictors with a population frequency 
of 1.0 % or higher. For 215 patients (37.1 % of the entire 
population), all five predictors were negative, i.e. 215 
patients with a normal CT-RV/LV diameter ratio had none 
of the following: age >60 years, congestive heart fail-
ure, stage-IV cancer, RV diameter >45 mm, and central 
embolus. Considering these 215 patients, the probability 
of being in Group A was 0.97, and the 95 % confidence 
interval was 0.95–0.99. None of these 215 patients died 
from PE, and RV strain was detected only in 1.9 % of 
these patients. RV strain was observed in 12.9 % of those 
patients for whom one or more of the predictors was 
positive. In other words, the positive predictive value of 
the model for CTPA to sufficiently excluding critical RV 
strain was 98.1 %, with sensitivity and specificity of 40.3 
and 92.7 %, respectively.

Sensitivity analyses

When PE-related 30-day mortality was used instead of 
14-day mortality, one additional death (at day 21) was iden-
tified. However this patient had normal RV on TTE, and 
thus was classified into Group A in the main analysis as well 
as in the sensitivity analysis. Therefore, this analysis was 
identical to the main analysis.
When defining RV strain based on TTE studies per-

formed within 48 h of CTPA, the total number of the Group 
B became 47. The logistic model including five predictors 
identified by the main analysis still had a good discrimi-
natory power in this population (c-statistic = 0.763). If all 
five predictors were negative, the probability of being in the 
Group A was unchanged at 0.97 (95 % CI0.96–0.99), and 
RV strain was detected only in 0.9 % (n = 2) of these patients.

Analytic methods

Univariate comparisons of clinical characteristics between 
groups were performed using the chi-squared statistic, 
unpaired Student’s t-test, or the Mann–Whitney U test, as 
appropriate.
To identify the significant variables that classified 

patients into the Group B, we ran a multivariate logistic 
regression including potential predictors from clinical fac-
tors and CTPA findings based on a forward stepwise method 
(p < 0.15) and clinical significance. We then calculated the 
probability of being in the Group A, using the various com-
binations of identified predictors. Model fit and discrimina-
tory power were assessed by Hosmer–Lemeshow test and 
c-statistics.

The internal validation of the model was performed with 
a bootstrap method (1000 resamples). The percent differ-
ence between the apparent c-statistic (i.e., computed from 
the main model) and the bootstrapped c-statistic was calcu-
lated as an indicator of over-fitting bias.

The following sensitivity analyses were performed. First, 
we used 30-day PE-related mortality instead of 14-day PE-
related mortality. Second, we defined RV strain based on 
TTE studies performed within 48  h of CTPA, instead of 
TTE performed within 14 days. Third, for those patients 
who received multiple TTE studies during the period, the 
one that was closest to the CTPA study was included in 
the analysis. All statistical analyses were performed using 
STATA version 10.1 (Stata Corp., College Station, TX).

Results

Among a total of 1887 consecutive CTPA studies with acute 
PE in the study period, 579 patients met the study criteria and 
were included in the study; 236 (40.8 %) patients received 
TTE (Fig. 1); 17 patients received two or more TTE exami-
nations during the 14-day period. More than two-thirds of 
TTE examinations were performed within 48 h of the CTPA 
acquisition (Fig.  2). Central embolus, atrial fibrillation, 
CHF, and RV diameter on CT >45 mm were significantly 
more prevalent in patients receiving TTE (Table 1). Anti-
coagulation or IVC filter placement was performed more 
frequently in the population undergoing TTE.

Patient classification

Four patients who did not undergo TTE died from PE. 
Among 236 patients who underwent TTE, 21.6 % (51/236) 
showed RV strain (Table 2). Therefore, a total of 524 patients 
were classified into the Group A and 55 patients were clas-
sified into the Group B (Fig. 1). Among the patients who 
underwent TTE, there were five PE-related deaths; three 
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set of conditions that form a CT based clinical scenario. We 
propose that for acute PE patients with a RV/LV diameter 
ratio <0.9, age ≤60 years, no CHF, no stage-IV cancer, RV 
diameter ≤45 mm, and no central embolus, RV strain is very 
unlikely.
Extant guidelines endorsed by multiple societies have 

varied recommendations, but in general support a broad use 
of TTE to determine RV strain among patients with acute 
PE. Since a very large majority of patients suspected for 
acute PE undergo CTPA [21], there is a significant unmet 
need to investigate if the extra cost and human resources to 
perform TTE can, in theory, be saved if a normal CT-RV/
LV diameter is used as part of a simple prediction rule to 
identify patients with favorable outcomes. There is also a 
great need for additional analyses to validate this new clini-
cal scenario, dissect other clinical scenarios so that such 

For all 17 patients who received multiple TTE studies 
during the period, the study closest in time to the CTPA was 
the most abnormal. Therefore, this sensitivity analysis had 
results identical to the main analyses.

Discussion

This study focuses on defining a clinical scenario for acute 
PE patients for which CT data alone can be used with clinical 
predictors to sufficiently assess for RV strain. While many 
studies focus on echocardiography, there remains uncer-
tainty regarding the prognostic value of imaging the RV in 
acute PE, particularly in patients that are hemodynamically 
stable [20]. To our knowledge, there is no prior published 
data that uses a relatively large cohort of patients to derive a 

Table 1  Clinical and imaging characteristics

No TTE  
(N = 343)

TTE performed  
(N = 236)

p value Group A  
(N = 524)

Group B  
(N = 55)

p value

Demographic factors
Age (mean ± SD, year) 54.2 ± 17.0 54.8 ± 17.4 0.674 53.6 ± 17.2 62.1 ± 14.6 <0.001
Age >60 years 36.7 % 40.7 % 0.338 35.7 % 63.6 % <0.001
Gender (% of male) 39.6 % 37.7 % 0.638 39.1 % 36.4 % 0.611
Race
White 76.7 % 75.4 % 0.860 75.8 % 80.0 % 0.453
Black 12.8 % 14.4 % 13.4 % 14.5 %
Others or unknown 10.5 % 10.2 % 10.8 % 5.5 %
Clinical findings and therapy
Hemodynamic instability 1.8 % 3.4 % 0.207 2.3 % 3.6 % 0.536
Anticoagulation or IVC filter 93.9 % 99.2 % 0.001 95.6 % 100 % 0.113
CT findings
Central embolus 12.5 % 23.7 % <0.001 15.8 % 29.1 % 0.013
RV/LV diameter ratio on CT (mean ± SD) 0.81 ± 0.08 0.82 ± 0.08 0.493 0.81 ± 0.08 0.82 ± 0.08 0.795
RV diameter on CT >45 mm 10.5 % 19.9 % 0.002 12.8 % 29.1 % 0.001
Comorbidities
Malignancy 48.7 % 42.8 % 0.162 45.8 % 50.9 % 0.470
Stage-IV 19.5 % 17.8 % 0.599 17.8 % 29.1 % 0.041
Recent chemotherapy 10.8 % 11.9 % 0.687 11.3 % 10.9 % 0.938
Relevant cardiac diseases 14.0 % 25.0 % < 0.001 17.2 % 30.9 % 0.013
Coronary artery disease 11.7 % 13.6 % 0.497 11.8 % 18.2 % 0.175
Atrial fibrillation 2.9 % 10.6 % < 0.001 5.2 % 14.6 % 0.005
Congestive heart failure 3.2 % 9.8 % 0.001 4.4 % 20.0 % <0.001
Hypertension 36.4 % 41.5 % 0.217 37.6 % 47.3 % 0.161
Chronic lung disease 10.2 % 15.3 % 0.069 11.6 % 18.2 % 0.160
Chronic renal failure 3.5 % 5.1 % 0.347 4.0 % 5.5 % 0.609
Coagulopathies 4.4 % 6.8 % 0.206 5.2 % 7.3 % 0.506
Stroke or TIA 4.1 % 3.8 % 0.871 3.8 % 5.5 % 0.554
Recent surgery 41.7 % 41.5 % 0.968 41.6 % 41.8 % 0.975

Continuous variables expressed as mean (standard deviation)
TTE transthoracic echocardiography, SD standard deviation, IVC inferior vena cava, RV/LV right-to-left ventricular, RV right ventricle, TIA 
transient ischemic attack
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not be surprising that many patients undergo TTE. In our 
cohort, TTE was performed in 41 % of the patients, in spite 
of a normal CT-RV/LV diameter ratio. This high utilization 
rate may also be based on the previous literature reporting 
that RV dysfunction detected by TTE is associated with 
poor prognosis, even if patient hemodynamics are stable 
[2, 24, 26] or the blood pressure is normal [27]. There is a 
large potential savings in healthcare resources if TTE can be 
averted in patients who fit in clinical scenario defined by the 
current study. This is particularly true for those patients who 
develop acute PE as hospital inpatients in countries where 
reimbursement is a fixed for specific diagnoses.

The comprehensive data collection also enables addi-
tional insights regarding TTE and its performance in pre-
dicting PE-related mortality. Among the 579 consecutive 
patients with normal CT derived RV/LV diameter ratio, 236 
underwent TTE. Analyzing the presence versus absence of 
TTE derived RV strain using 30-day PE related mortality as 
reference standard, there were 3 true positives, 48 false pos-
itives, 182 true negatives, and 3 false negatives. The nega-
tive predictive value (NPV) of TTE was thus greater than 
0.98 (182/185) and the specificity was 0.79 (182/230) with 
a 0.95 CI of (0.73–0.84). Using the same 30-day PE related 
mortality data, the normal CT derived RV/LV diameter ratio 
had 569 true negatives and 10 false negatives with the same 
NPV (0.98) as TTE.
Ideally, the current study would also include specific 

comments regarding TTE costs. While we unfortunately 
do not have these data, there is a cost-savings potential if 
TTE can be averted in a subpopulation of patients. There 
is a paucity of peer-review literature on this subject [28]. 
The current data supports that for patients with a nor-
mal RV/LV ventricular diameter ratio on CTPA who do 
not meet any of the following five criteria: age >60 years 
(demographic), RV diameter >45 mm and central embolus 
(CTPA), and congestive heart failure and stage-IV cancer 
(comorbidities), CTPA gives sufficient prognostic infor-
mation and thus TTE may not be necessary. These data 
strongly support that radiologists must routinely report-
ing of CT-based RV data for all acute PE patients. In 
particular, the RV size (greater than 45 mm) is clinically 
important because the RV/LV diameter ratio alone can be 
limited in patients for whom both ventricles are dilated. 
While this occurs in patients with CHF, the RV size can 
increase dramatically and rapidly after acute PE. The pres-
ence of central embolus was used as a severity measure 
of PE because it is routinely reported and simple for the 
radiologist to identify. We acknowledge other metrics of 
clot burden such as obstruction index [29, 30] and clot 
volume [31, 32]. However, computation of these metrics 
is cumbersome, not part of routine clinical practice, and 
many studies do not show a significant correlation between 
the obstruction index [33–37] or clot volume [32] and out-

recommendations can be incorporated into guidelines, and 
ultimately into clinical decision support tools [22].

Perhaps because a the paucity of literature and the fact 
that many clinical prediction rules may not have the high 
sensitivity needed to reassure clinicians [23], TTE is often 
performed to evaluate the RV status after acute PE [18, 19]. 
Utilization patterns are in general unknown, and without 
clear guidelines, it is likely that the decision to perform TTE 
follows local practice patterns. Since acute PE patients have 
a high mortality, a roughly 15 % mortality rate that is in fact 
higher than acute myocardial infarction [24, 25], it would 

Table 2  RV strain detected by echocardiography (n = 51)

N

Reduced RV systolic function 23
Elevated RV systolic pressure 21
RV hypokinesia/dyskinesia/akinesia 7
RV dilatation 6
Abnormal septal movement 2

Some patients showed two or more signs for RV strain
RV right ventricle

Table 3  Final multivariate logistic regression model for prediction of 
patients classified into Group B

Variable Coefficient Odds 
ratio

95 % CI p value

RV diameter >45 mm 1.34 3.07 1.56–6.03 0.001
Congestive heart failure 1.46 4.32 1.88–9.92 0.001
Age >60 years 0.95 2.59 1.41–4.77 0.002
Central embolus 0.67 1.96 1.01–3.79 0.047
Stage-IV cancer 0.66 1.94 0.99–3.78 0.051

RV right ventricle, CI confidence interval

Fig. 2  Histogram of time difference between CT and echocardiog-
raphy (total number of echocardiography = 255), 17 patients received 
two or more echocardiography during 14 days
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measurements on axial images are known to give compa-
rable prognostic value [40, 43].

We acknowledge several study limitations. First, the 
variables considered for the prediction model were simpli-
fied. Instead of including detailed vital signs, we applied a 
single indicator, hemodynamic instability. Also, we did not 
include laboratory tests such as white blood count, brain 
natriuretic peptide, or troponin, and/or ECG parameters. 
Future work could include additional variables, although 
the current model with only clinical and imaging infor-
mation demonstrated good discriminatory power without 
laboratory data that itself has intrinsic costs (even if these 
are relatively inexpensive). Because of limited access to 
vital signs, we did not compare the created model with 
PE severity index [11], which will be considered in future 
work. Although the prediction criteria was simplified, there 
may be additional work to determine if a patient has stage-4 
cancer; the other four variables are readily available after 
the CTPA scan. Second, all patients were obtained from 
a single large teaching hospital, and as noted above, TTE 
utilization is likely to vary widely among institutions. 
Third, study patients who underwent TTE could have been 
a selected population for whom clinicians feared an unfa-
vorable course, despite an apparently normal CT derived 
RV/LV diameter ratio. Therefore the detection rate of RV 
dysfunction could have been lower if all patients with CT 
RV/LV diameter ratio <0.9 underwent TTE. However, this 
biased situation does not affect the conclusion, as the goal 
was to predict a subpopulation for whom CT data alone 
can be sufficient to exclude RV strain and/or PE-death. The 
data argues that even in this high risk population, patients 
without the five predictors are unlikely to have RV dysfunc-
tion or to die from PE. Fourth, regarding the TTE interpre-
tation, data was retrospectively obtained by reviewing the 
finalized reports; information on RV size, systolic function, 

comes. Stage-IV cancer is known to be strongly related to 
PE-related mortality [38]. Patients in group B were gener-
ally sicker and for in this group, the RV size can increase 
dramatically and rapidly. Thus, it would be reasonable 
to consider TTE in this subpopulation, even if the initial 
CTPA showed normal RV/LV.

Radiologists can positively impact clinical management 
decisions by providing substantial input to the five criteria 
model for patients with a normal RV/LV diameter ratio. This 
rule identified a clinical scenario (that included over one-
third of our total patient cohort) with an only 1.9 % likeli-
hood of RV strain. We recognize that a 1.9 % rate of RV 
strain could be considered as “high”. However, definitions 
of “RV strain” in the current study were chosen to be con-
servative (i.e., we included “mild” in the TTE definition for 
RV dysfunction). Therefore our prediction model was based 
on the minimized definition of patients for whom CT-RV/
LV diameter ratio gives sufficient prognostic information. It 
is possible that the actual rate of patients whose CT-RV/LV 
diameter ratio is sufficient to exclude RV strain was higher 
than our reported rate.
The definition of RV dilatation by TTE varies slightly in 

the existing literature, but “the RV appearing larger than the 
LV” is the most common and recommended interpretation 
of RV dilatation [2, 5, 39], with an upper reference limit 
for the RV basal dimension of 42 mm (95 % CI 39–45 mm) 
[5]. As there is no widely recognized standard for a normal 
CT-RV/LV diameter ratio [40], we used 0.9 to identify the 
579 patients from the 1887 in the study period. Using a ratio 
of 0.9 was the most strict (i.e. the lowest) cutoff used to 
define the normal CT-RV/LV diameter ratio [13, 14, 41–43]. 
This cutoff minimized the possibility that TTE showed RV 
dilatation among normal CT-RV/LV because of a difference 
in the definition between CT and TTE. Although we used a 
reformatted 4-chamber image to calculate ventricular ratio, 

Table 4  Probability of being in Group A for each combination of predictors with a population frequency of 1.0 % or higher

RVd >45 mm CHF Age >60 years Central embolus Stage-IV cancer Probability 95 % CI Population (%)

− + + + − 0.58 0.36–0.81 1.0
+ − + + − 0.66 0.48–0.85 1.2
− − + + + 0.76 0.61–0.90 1.4
+ − + − − 0.79 0.68–0.91 2.1
+ − − + − 0.83 0.72–0.95 1.7
− − + + − 0.86 0.77–0.94 2.9
− − + − + 0.86 0.78–0.93 6.6
− − − + + 0.89 0.80–0.97 2.1
+ − − − − 0.91 0.85–0.97 6.4
− − + − − 0.92 0.88–0.96 18.7
− − − − + 0.94 0.90–0.98 6.0
− − − + − 0.94 0.90–0.98 6.0
− − − − − 0.97 0.95–0.99 37.1

RVd RV diameter on CT pulmonary angiography, CHF congestive heart failure, CI confidence interval
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Chandrasekaran K, Solomon SD, Louie EK, Schiller NB (2010) 
Guidelines for the echocardiographic assessment of the right heart 
in adults: a report from the American Society of Echocardiogra-
phy endorsed by the European Association of Echocardiography, 
a registered branch of the European Society of Cardiology, and the 
Canadian Society of Echocardiography. J Am Soc Echocardiogr 
23(7):685–713 (quiz 786–688). doi:10.1016/j.echo.2010.05.010

  6.	 Jaff MR, McMurtry MS, Archer SL, Cushman M, Goldenberg N, 
Goldhaber SZ, Jenkins JS, Kline JA, Michaels AD, Thistlethwaite 
P, Vedantham S, White RJ, Zierler BK (2011) Management of 
massive and submassive pulmonary embolism, iliofemoral 
deep vein thrombosis, and chronic thromboembolic pulmonary 
hypertension: a scientific statement from the American Heart 
Association. Circulation 123(16):1788–1830. doi:10.1161/
CIR.0b013e318214914f

  7.	 Hirsh J, Guyatt G, Albers GW, Harrington R, Schunemann HJ, 
American College of Chest P (2008) Antithrombotic and throm-
bolytic therapy: American College of Chest Physicians evidence-
based clinical practice guidelines (8th edition). Chest 133(6 
suppl):110S–112S. doi:10.1378/chest.08-0652

  8.	 Qaseem A, Alguire P, Dallas P, Feinberg LE, Fitzgerald FT, Hor-
witch C, Humphrey L, LeBlond R, Moyer D, Wiese JG, Weinberger 
S (2012) Appropriate use of screening and diagnostic tests to fos-
ter high-value, cost-conscious care. Ann Intern Med 156(2):147–
149. doi:10.7326/0003-4819-156-2-201201170-00011

  9.	G uyatt GH, Akl EA, Crowther M, Gutterman DD, Schuunemann 
HJ (2012) Executive summary: antithrombotic therapy and pre-
vention of thrombosis, 9th ed: American College of Chest phy-
sicians evidence-based clinical practice guidelines. Chest 141(2 
suppl):7S–47S. doi:10.1378/chest.1412S3

10.	 Kearon C, Akl EA, Comerota AJ, Prandoni P, Bounameaux H, 
Goldhaber SZ, Nelson ME, Wells PS, Gould MK, Dentali F, 
Crowther M, Kahn SR (2012) Antithrombotic therapy for VTE 
disease: antithrombotic therapy and prevention of thrombosis, 
9th ed: American College of Chest Physicians evidence-based 
clinical practice guidelines. Chest 141(2 suppl):e419S–e494S. 
doi:10.1378/chest.11-2301

11.	A ujesky D, Obrosky DS, Stone RA, Auble TE, Perrier A, Cornuz 
J, Roy PM, Fine MJ (2005) Derivation and validation of a prog-
nostic model for pulmonary embolism. Am J Respir Crit Care 
Med 172(8):1041–1046. doi:10.1164/rccm.200506-862OC

12.	 Konstantinides SV, Torbicki A, Agnelli G, Danchin N, Fitzmau-
rice D, Galie N, Gibbs JS, Huisman MV, Humbert M, Kucher N, 
Lang I, Lankeit M, Lekakis J, Maack C, Mayer E, Meneveau N, 
Perrier A, Pruszczyk P, Rasmussen LH, Schindler TH, Svitil P, 
Vonk Noordegraaf A, Zamorano JL, Zompatori M, Task Force 
for the D, Management of Acute Pulmonary Embolism of the 
European Society of C (2014) 2014 ESC guidelines on the diag-
nosis and management of acute pulmonary embolism. Eur Heart J 
35(43):3033–3069, 3069a–3069k. doi:10.1093/eurheartj/ehu283

13.	 Schoepf UJ, Kucher N, Kipfmueller F, Quiroz R, Costello P, 
Goldhaber SZ (2004) Right ventricular enlargement on chest 
computed tomography: a predictor of early death in acute pulmo-
nary embolism. Circulation 110(20):3276–3280. doi:10.1161/01.
CIR.0000147612.59751.4C

14.	 Quiroz R, Kucher N, Schoepf UJ, Kipfmueller F, Solomon SD, 
Costello P, Goldhaber SZ (2004) Right ventricular enlargement 
on chest computed tomography: prognostic role in acute pulmo-
nary embolism. Circulation 109(20):2401–2404. doi:10.1161/01.
CIR.0000129302.90476.BC

15.	L u MT, Cai T, Ersoy H, Whitmore AG, Quiroz R, Goldhaber SZ, 
Rybicki FJ (2008) Interval increase in right-left ventricular diam-
eter ratios at CT as a predictor of 30-day mortality after acute 
pulmonary embolism: initial experience. Radiology 246(1):281–
287. doi:10.1148/radiol.2461062004

and wall motion was provided from qualitative interpreta-
tion. Information regarding inter-reader variability was not 
available. However, the cardiologists performing TTE at 
the institution are expertly trained to use standardized lan-
guage, and thus little variability is expected. Regarding CT 
RV assessment, we have reported good inter-reader agree-
ment [16]. Fifth, later generation CT technologies may, in 
theory, be able to detect smaller filling defects; however, 
variables in our prediction rule (central embolus or not, RV 
enlargement or not) are unlikely to be significantly affected 
by hardware differences. Finally, prediction of earlier mor-
tality (e.g., 5-day mortality) would have been suitable for 
outcome to facilitate the identification of patients who need 
thrombolytic therapy, but this analysis was not possible due 
to limited number of outcomes. Similarly, stratification of 
patients by the covariates/comorbidities was not possible 
due to a small number of outcomes.

Conclusions

A new clinical scenario identifies an acute PE subpopula-
tion for which a normal CT-RV/LV diameter ratio plus read-
ily obtained predictors is adequate to exclude RV/strain or 
PE related short term mortality. After the external valida-
tion, this clinical prediction model may be incorporated 
into current clinical guidelines for appropriate utilization of 
resources in patients with acute PE.
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