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CT angiography (CTA) is the modality used most frequently for diagnosing acute pulmonary embolism (PE). Given the vast amount of information
that can be extracted from CTA, the CTA report should be written in a way that conveys all relevant findings using standardized nomenclature

and definitions. Broad consensus on a core set of CTA findings that are relevant for all PE patients is not currently available. This clinical consensus
statement written by the European Society of Cardiology (ESC) Working Group on Pulmonary Circulation & Right Ventricular Function, the
Fleischner Society, and the Association for Acute Cardiovascular Care and the European Association of Cardiovascular Imaging of the ESC provides
a current update of CTA techniques, a definition of often-used nomenclature and recommendations on the proposed content of CTA reports along
with a detailed image atlas with instructions on how to assess all relevant CTA findings and a lay language guidance on the meaning of these findings.

Ultimately, upon implementation, this document is expected to standardize CTA radiology reports with respect to diagnostic and prognostic CT
imaging findings to guide and harmonize management decisions, ultimately improving outcomes of care for PE patients.

This article has been co-published with permission in the European Heart Journal — Cardiovascular Imaging and Radiology. Al rights reserved. © The European Society of Cardiology

and the Fleischner Society 2025.
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Introduction

Early recognition and accurate diagnosis of acute pulmonary
embolism (PE) is key in the timely initiation of appropriate
treatment.'” CT angiography (CTA), often referred to as CT
pulmonary angiography, is the imaging modality of choice for
diagnosing PE if it cannot be ruled out by using a clinical deci-
sion-making tool and D-dimer test."* In addition to aiding the
clinician in the diagnosis of PE, CTA images provide crucial in-
formation to guide the initial treatment approach (eg, parameters
of right ventricular overload or dysfunction are well-recognized
predictors of short-term prognosis). Moreover, clot morphology
as determined by CT imaging has been shown to predict long-
term complications of acute PE'*and may guide planning of
advanced reperfusion strategies in selected patients. Finally, CTA
may suggest alternative diagnoses in patients with dyspnea or
chest pain, such as the finding of pulmonary edema, pericarditis,
or aortic dissection, as well as clues to the underlying cause of the
PE (eg, cancer). Given the broad range of information that can be

extracted from a CTA, the report should be timely and structured
in a way that conveys all relevant clinical, functional, and prog-
nostically relevant findings.”* However, to date, a formal standard
for reporting a CTA in suspected acute PE derived through ex-
pert consensus and distillation of existing evidence does not exist.

For this purpose, representatives of the European Society of
Cardiology (ESC) Working Group on Pulmonary Circulation &
Right Ventricular Function, the Association for Acute Cardiovas-
cular Care (ACVC), and the European Association of Cardio-
vascular Imaging of the ESC together with representatives of the
Fleischer Society convened to address this unmet need. A multi-
disciplinary task force was installed with experts in PE diagnosis
and management, radiological imaging as well as acute cardiovas-
cular care, all representatives of the above-mentioned scientific
societies (50% ESC representation, 50% Fleischer Society repre-
sentation). The main aims were to produce a consensus statement
that (2) describes current CT techniques for diagnosing PE; (72)
provides state-of-the-art best practices to achieve CTA scans with
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optimal quality, thereby reducing the number of nondiagnostic
scans; (ii7) standardizes commonly used nomenclature in CTA
reports; and (7v) establishes a core set of CTA findings along with
assessment instructions that are relevant for all acute PE patients
and are advised to be routinely reported.

Methodology

Initially, the task force undertook an extensive overview of the
literature concerning currently available and recommended CT
techniques, diagnostic criteria for acute PE, criteria for opti-
mising image quality, and strategies to overcome challenges in
achieving diagnostic image quality. A glossary was developed with
frequently used terminology to describe the spectrum of pulmo-
nary artery filling defects that can be seen at CTA. The glossary
of definitions was extracted from the literature or when not avail-
able, determined by task force consensus.

Second, the task force undertook a comprehensive litera-
ture search to identify all radiological findings that have been
studied for their prognostic relevance for patients with a CTA
diagnosis of PE. The search was performed using a predefined
search string (see supplementary data, Appendix A) by two in-
dependent readers and was integrated by cross-referencing, and
additionally included a search of relevant abstracts presented
at international congresses. Relevant papers were screened,
identified, and summarized in predefined outcome tables per
radiological parameter. Selection of the core set of radiological
findings relevant for all PE patients was undertaken in an online
three-round modified Delphi process: All CTA findings that
were identified in the literature search to be consistently demon-
strated to have prognostic value for the short (first 3 months
after diagnosis) and/or long-term (beyond the first 3 months of
follow-up) prognosis of PE patients were eligible. The following
adverse events were deemed to be relevant for PE prognosis:
death, admittance to the intensive care unit, hemodynamic col-
lapse, right ventricular failure, respiratory insufficiency, need for
cardiopulmonary support, bleeding, recurrent venous throm-
boembolism, symptom burden, persistent symptoms, chronic
thromboembolic pulmonary disease with/without pulmonary
hypertension, poor quality of life, change in New York Heart
Association functional class, post-PE syndrome, post-PE im-
pairment, myocardial infarction, stroke, systemic embolism,
and health care costs. Using the RAND-University of Cali-
fornia (Los Angeles, CA) method to reach consensus, all task
force members were required to vote (excluding the patient
representatives) to determine which outcomes should be kept
for assessment in relation to the radiological findings.” The re-
sults of each vote were reviewed by all voting members of the
task force before the next voting round. Inclusion in the final
core set required that at least 80% of the task force voted an
item as essential. Essential CTA finding were subdivided into
“must-haves” and “nice-to-haves.” The latter indicated that the
finding was considered relevant but not critical. CTA findings
were excluded if at least an 80% majority voted an item as not
advised. In the last voting round, a 70% majority was accepted
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as decisive. Lastly, an image atlas was created to illustrate the
identified core set of CTA findings including instructions on
how these are to be assessed.

From inception, four patient representatives were involved in
the planning of the project and task force activities, not only pro-
viding the patient perspective but also providing text for the lay
language version of the imaging atlas.

CT Scanning Technology

Chest CTA with single-energy CT

Over the last decades, the role of CT in the diagnostic ap-
proach of acute PE has exclusively relied on single-energy CT.
The continuous technical evolution of multi-detector row CT
(MDCT) has allowed for more flexible and high-performance
protocols that match diagnostic needs without compromising
detail and coverage. The precise scan parameters depend on the
number of slices that can simultaneously be acquired, gantry
rotation speed, table speed, and beam width. Protocols differ
according to the number of x-ray sources and the number of
detector rows (currently ranging from 16 to 320 detector rows).
The radiation dose of chest CTA examination has been reduced
by the introduction of low-kilovoltage (kV) scanning. Hybrid-
or model-based iterative reconstructions or deep learning re-
constructions have been shown to reduce noise better than the
more traditional filtered back projection and are considered the
current technical standard.!®!!

Whatever the CT equipment available, the choice of scanning
parameters follows universal recommendations. First, the highest
temporal resolution (ie, shortest rotation time) should be selected
to avoid respiratory motion artifacts and minimize cardiac mo-
tion artifacts. Second, the entire thorax should be covered at the
highest pitch for non-pregnant persons, keeping in mind that the
entire thorax can be currently covered in less than 1 second with
high-pitch scanning modes. This can be of major interest in the
emergency department, intensive care, or for older patients where
apnea cannot be sustained. Shallow breathing is preferred to
breath-hold techniques in dyspneic patients for better tolerance.
Low-kV imaging is advised as it increases intravenous contrast
material attenuation and minimizes radiation dose.'? The optimal
selection can be obtained using weight-based tube voltage selec-
tion or by means of automatic tube voltage selection.'

Examinations are typically performed using automatic trigger-
ing of data acquisition when the attenuation within the vessel of
interest reaches a predefined threshold (ie, timing bolus or bolus
tracking). The traditional CTA examination relies on the position-
ing of a region of interest (ROI) at the level of the pulmonary trunk
with an exclusive opacification of the pulmonary arterial circula-
tion at an optimal phase. Exclusive opacification of the pulmonary
arterial circulation is not encouraged because (7) the absence of
opacification of the systemic circulation (aorta) does not give access
to aortic differential diagnoses in the event of chest pain, (7) in
case of retrograde systemic-to-pulmonary artery shunts, very mis-
leading images simulating filling defects may be observed, and (7i7)
hypertrophy of the bronchial arteries (visible only in cases of global
pulmonary and systemic opacification) can help detect chronic
thromboembolism pulmonary hypertension (CTEPH).

An additional option is to scan the entire thorax while the
pulmonary and systemic arterial circulations are simultaneously
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Table 1: Optimal CTA Scan Protocol for Routine Clinical Practice

Acquisition parameters

Tube voltage

Tube current

Rotation time
Collimation

Scanning direction

Respiratory instructions

Reconstruction parameters

Section thickness

Field of view

Kernels of reconstruction
Reconstructions

Injection parameters

Venous access
Flow rate

Concentration of iodinated contrast material

Volume administered

* 80-140 kV according to BMI
* Possibility to use automatic kV selection (low kV in slim patients)

* Tube current varies based on the kilovoltage, patient size, and region thickness (image quality
factor determined in protocol)
e Use of automatic tube current modulation

e Shortest rotation time
¢ Thinnest collimation

* Cranio-caudal or caudo-cranial
* Alternative for severely dyspneic patients: caudo-cranial imaging to decrease respiratory
motion artifacts in the lung bases

* Breath-hold at deep inspiration
* Breath-hold at vital capacity or shallow breathing if chest pain/dyspnea

* 1-mm thick transverse CT sections

* Adapted to the patient size

* Soft tissue and high-spatial-resolution kernels for mediastinal and lung images, respectively
* Iterative reconstruction or deep learning reconstruction

* >20G in antecubital vein; smaller if poor venous access

* 35 mL/s in antecubital vein; lower if poor venous access (with higher iodine concentration)
* 300-370 mg I/mL

* 80—-100 mL

Table 2: Special Considerations in Pregnant Patients

Pregnancy-related Concerns Protocol

Radiation dose reduction to maternal ~ Tube voltage

breast tissue and fetus Tube current

Constant factors Field of view
Rotation time

Breathing
Scanning direction

Section thickness
Reconstruction kernels

Poor opacification based on expand- ~ Contrast media injection
ed blood volume, hyperdynamic protocol
state, and higher risk of transient
interruption of contrast

¢ Use of low (80-100) kV
* 100 kV and fixed mAs value around 80-100 mAs for a nonobese

* Adapted to the patient size
e Shortest rotation time
* Breath-holding after mild inspiration (vital capacity) or alterna-

¢ Caudocranial imaging to decrease respiratory motion and dense

* 1-mm section thickness
* Soft tissue (mediastinal images) and high-spatial frequency (lung

* >20G intravenous access in antecubital vein

* Higher flow: 5 mL/s

* Higher contrast concentration than standard protocol
* Patient coaching to minimize contrast interruption

woman

tively simple apnea with an open mouth to avoid Valsalva

contrast in SVC

images) kernels

opacified, both at an optimal phase; the ROI is positioned at
the level of the ascending aorta or left atrium. This technique
simultaneously allows for detection of endovascular pulmonary
clots, and a comprehensive analysis of the chest organs at a sys-
temic arterial phase with a single acquisition. It also provides
adequate enhancement of cardiac cavities that may harbor acute
thromboembolic disease. Contrast enhancement of the vessels
is mainly determined by the iodine concentration and injection
rate (iodine flux). A rapid uniphase injection bolus is needed
to achieve a high intensity of contrast opacification. Table 1
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summarizes the key scanning parameters for an optimized CTA
examination in adults. All examinations are standard, non—
electrocardiogram (ECG)-gated acquisitions. Of note, a recent
expert consensus document of the Society of Cardiovascular
Computed Tomography suggests that it would be appropriate
to ECG gate aortic dissection, aneurysm and PE CTA examina-
tions in men older than 45 years and women older than 55 years
to analyze and report the coronary arteries, a recommendation
that was followed by the European Association of Cardiovascu-
lar Imaging (EACVI).!>!¢
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Table 3: Relevance of the Level of Analyzability of the Pulmonary Arteries for the Diagnostic Value of CT

Mediastinal Images

Level of Analyzability of Diagnostic Value of Mediastinal

Pulmonary Arteries Images Alone

Perfusion Images

Diagnostic Value of CT Based on
Combined Readings of Mediastinal

and Perfusion Images

segmental level

PAs not analyzable

PAs analyzable down to the
subsegmental level

PAs analyzable down to the

Only central PA analyzable

Negative down to the subseg-
mental level

Negative down to the segmental
level (does not exclude subseg-
mental clots)

sion defects

Presence of segmentallsubsegmental
perfusion defects

Only central clots excluded
images
PE not excluded
images

No segmental/subsegmental
perfusion defects

No segmental/subsegmental perfu-

No diagnostic value of perfusion

No diagnostic value of perfusion

Truly negative

Truly negative

Peripheral acute PE (after combined
assessment of perfusion and mor-

phology)

Indeterminate for PE images

Nondiagnostic examination

Table 4: Causes of and Solutions to Nondiagnostic CTA

Finding

Potential Etiology

Proposed Solution

Poor level of opacifi-
cation within Pas

Transient interrup-
tion on contrast

(TIC)

Motion artifacts

Incorrect placement of the ROI
Inadequate HU threshhold to start exam
Delayed transit time
* Due to low cardiac output (most often RV)
* Due to increased pulmonary vascular resistance
(acute airspace disease; focal lung abnormalities)
Dilution of the column of contrast
* Due to patent foramen ovale
* Septal defects

* Retrograde systemic-to-pulmonary artery shunt

Deep inspiration in a patient with large volume of un-
opacified blood from the inferior vena cava diluting
the bolus of contrast material

Veno-arterial extracorporeal membrane oxygenation
(ECMO) may cause changes in the filling of the
pulmonary arteries

Causes:
* Respiratory motion
e Patient movement during the examination
* Cardiac motion: usually most pronounced in left
lower lobe and lingula and on older scanners

Repeat after correct positioning of the ROI
Repeat after correction
Repeat
e After selecting a longer start delay (if CTA)
* Repeat with a ROl in the ascending aorta/left atrium
(general CTA protocol)

* Repeat after mild inspiration
* No attempt to repeat’
* No attempt to repeat*

Repeat using mild inspiration or simple apnea

ECMO flow should be reduced to a minimum during the
CTA

* Repeat (caudo-cranial) if patient cooperation possible

* Repeat (caudo-cranial) with shallow breathing if
patient cooperation is impaired

* Repeat (caudo-cranial) if patient cooperation possible

* No attempt to repeat

Streak artifact Beam-hardening artifacts due to:
* Dense contrast material

* Metal implants or bullets

¢ No attempt to repeat

* Postprocessing with algorithms suppressing metal
artifacts (manufacturor dependent) or reconstruction
of high-energy images (if acquisition with DECT/
PCD CT)

opacification of pulmonary arteries as well as shunt veins.

* Potential alternative: administration of more contrast (120-150 mL), at low flow rate (3 mL/s) with a long start delay (>30 s) to ensure

In pregnant patients, larger blood volumes and increased
cardiac output can lead to earlier contrast opacification of the
pulmonary arteries and dilution of contrast."”' Poorly enhanced
normal vessels can be misinterpreted as PE or fail to allow for
visualization of PE. Tailoring CTA protocols in this patient popu-
lation is essential to optimize contrast opacification and minimize
radiation exposure to both the patient and fetus. Scanning the
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patient from the diaphragm to the top of the aorta reduces radi-
ation exposure by 70%, without sacrificing important diagnostic
information."” Table 2 highlights CTA protocol optimization for
PE in pregnant patients. When applied in a prospective trial, the
number of nondiagnostic scans was very low.’

Adequate contrast opacification is critical for diagnostic
quality, which depends on patient weight, cardiac output, scan
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Table 5: Continued Developments in CT Technology Have Led to Marked Improvement in Spatial Resolution and Improved
Detection of All Types of Intraluminal Filling Defects at CT Pulmonary Angiography. However, Not All Filling Defects Repre-
sent Acute Pulmonary Emboli. The Following Glossary of CT Findings Define the Spectrum of Pulmonary Artery Filling Defects

Term

Definition

Acute PE

Central PE
Chronic PE

Embolus
Incidental PE

In-situ pulmonary
thrombus

Isolated subsegmental

RE
Peripheral PE

Pulmonary artery

filling defect

Pulmonary thrombosis

Reduced pulmonary
contrast enhance-
ment

Right ventricular
dilatation

Right ventricular
hypertrophy

Saddle embolism
Subacute PE

Subsegmental PE

Thrombus

Acute PE is characterized by filling defects within the pulmonary arteries that essentially retain the cylindrical
shape of the dislodged thrombi that either may remain intact or may fragment on their way through the heart.
On images perpendicular to the vessel, acute emboli present as round filling defects in the centre of a pulmo-
nary artery or, when eccentric, they tend to form acute angles with the vessel wall. No signs of deformation
due to (auto)lytic activity of the embolus are seen. Acute emboli may totally occlude a pulmonary artery. No
contrast enhancement is seen beyond this point. As a result, the diameter of the artery expands to its maxi-
mum, usually larger than arteries of comparable anatomic locations elsewhere. In nonocclusive emboli, flow
may be seen distal to the filling defect. These tend to be more common at arterial bifurcations.

PE is located in cither the pulmonary trunk, main pulmonary artery, or lobar pulmonary artery.

Persistent filling defects after acute PE. The cross-section of these filling defects is threadlike, bandlike, weblike,
or irregular but not round. Round cross-sections usually suggest recurrent acute PE.

An embolus is a thrombus that has dislodged and is located at a site different from its vessel of origin.
PE identified on a CT scan ordered for any other reason than suspected PE.

In-situ pulmonary thrombus presents as a wall-adherent filling defect, usually in large or enlarged pulmonary
arteries. The most common location is along the superior aspect of the main right pulmonary artery and
intralobar pulmonary artery. These filling defects may be associated with some calcification. Unlike with
chronic pulmonary emboli, mosaic attenuation is unusual. It oftentimes occurs in the setting of slow flow and
pulmonary hypertension. They are commonly seen in various causes of pulmonary hypertension, most notably
Eisenmenger syndrome in the setting of a longstanding right-to-left shunt.

Subsegmental PE limited to a single subsegmental artery.”

PE located in a segmental or more distal pulmonary artery.

Pulmonary arteries on contrast-enhanced CT normally show homogeneous contrast enhancement. Filling defects
are areas within an affected pulmonary artery that show no contrast enhancement while other pulmonary
arteries do enhance. Pulmonary artery filling defects are caused by pulmonary emboli, pulmonary thrombosis,
or intravascular tumor.

Thrombi in the pulmonary arteries are usually the result of venous thromboembolism, but may also be local
pulmonary thrombosis. This has been recognized in patients with pulmonary hypertension, chronic obstruc-
tive pulmonary disease, sickle cell disease, and quite extensively in patients with COVID-19. Differentiation
between venous thromboembolism and in situ thrombosis can currently not be reliably made based on CTA.

Filling defects must be distinguished from regions of reduced contrast enhancement due to early timing of a scan
series on contrast-enhanced CT or due to slow flow. They are artifacts associated with scan timing or patient
factors (breathing or pulsation artifacts). The measured CT attenuation is higher than that of an unenhanced
pulmonary artery but lower than that of a well-enhanced vessel.

A number of methods have been studied to define right ventricular dilatation based on CTA findings with or
without ECG alignment. A practical approach consists of measuring the largest ventricle diameters in the axial
view in both ventricles, as defined by the distance between the endocardium and the interventricular septum.
As a confirmation, the same measurement can be done taking the largest ventricle diameters at the level of the
heart valves. RV/LV ratio measured at CT may be different from measured at echocardiography when the CT
is performed without ECG alignment.

Increased thickness of the right ventricle free wall, exceeding 4 mm.

A large central PE that straddles the pulmonary trunk bifurcation.

The shape of the emboli begins to change due to lytic activity. Instead of a round cross-section, concave portions
max occur, and the cross-section become increasingly irregular. Findings of chronic emboli (namely, mosaic
attenuation and enlarged bronchial arteries) are usually absent.

A contrast defect in a subsegmental artery, ie, the first arterial branch division of any segmental artery inde-
pendent of artery diameter, visible in at least two consecutive axial slices, using a CT scanner with a desired
maximum collimator width of <1 mm.”

An intravascular blood clot that remains at its site of origin.

Radiology: Volume 315: Number 3—June 2025 = radiology.rsna.org

Klok et al




Performing and Reporting CT Angiography for Suspected Acute Pulmonary Embolism

breath hold-
ing, and contrast delivery
pr0t0C01‘14»17>18,21729 The

objective is to obtain ho-

duration,

mogeneous opacification
of pulmonary arteries that
optimizes the diagnostic
image quality for detec-
tion of acute PE. Arterial
enhancement depends on
the amount of contrast
delivered per unit of time
(injection flow rate) and
the injection duration,
measured in  seconds.
With early MDCT scan-
ners (ie, 16-MDCT), the
theoretic minimum atten-
uation of blood required
to see acute thromboem-
boli up to the segmental

Klok et al

Table 6: Result of the Delphi Analysis on Core CTA Findings to Be Included in CTA Radiology
Reports: Percentage Agreement is Indicated. In the First 2 Rounds, Agreement Was Defined
as an 80% Maijority; in the Third Round, This Was 70% Majority

CTA Findings Excluded Included Specifics

1. RV/LV ratio (axial images) 100% 92% “must have”

2. Central location 100% 85% “must have”

3. (Isolated) subsegmental PE 92% 81% “must have”

4. Septum deviation 85% 81% “must have”

5. IVC reflux 81%

6. PA trunk diameter 81% 75% “nice to have”

7. Coronary artery calcification score 81%

8. Qanadli score 85%

9. Organized mural thrombi 85% 75% “nice to have”

10. Complete arterial occlusion 94% 75% “nice to have”

11. Intravascular webs or bands 100% 75% “must have”

12. Pulmonary artery retraction 87% 75% “must have”

13. Bronchial artery dilatation 87% 80% “must have”

14. RV hypertrophy 94% 75% “must have”

level was calculated to be

93 HU, a threshold not

applied in clinical routine.’® In current practice, on a 64-de-
tector CT, a mean pulmonary artery opacification of 250 HU
can be achieved with 1.2 mL/kg of 350 mg I/mL injected at 4
mL/s."" The scan duration depends on the scanner. With a faster
scanner, contrast volume can be decreased but timing becomes
more crucial as the bolus duration shortens.?!

Although a contrast flow rate of at least 3 mL/s is associated
with a lower frequency of insufficient contrast enhancement
during chest CT, a flow rate of more than 4 mL/s using an 20-
gage (G) cannula has been suggested optimal for pulmonary
thromboembolism (5, 21).'43233 A lower volume of contrast and
iodine dose can be administered when using a higher iodine con-
centration (350 mg iodine/mL vs 300 mg/mL) without compro-
mising diagnostic image quality.***> Intravenous contrast needs
to be adjusted for patients with higher body mass index (BMI)
(starting with a BMI exceeding 30 kg/m?).%® Increasing contrast
flow rate to ideally around 5-6 mL/s, increasing contrast volume
to at least 90 mL and using higher contrast concentration are
effective in improving pulmonary arterial enhancement.’® To
minimize the risk of contrast extravasation, unnecessary high in-
jection pressure and increased contrast viscosity, an 18-G periph-
eral venous catheter or, even better, a 20-G fenestrated peripheral
venous catheter is placed in an antecubital position. Fenestrated
catheters are more recently available peripheral intravenous access
devices with multiple side holes as opposed to a single end hole
of standard catheters. While their smaller size improves the suc-
cessful placement rate especially in patients with smaller veins,
the 20-G fenestrated catheter allows an infusion rate as high as a
traditional 18-G catheter at 5.0-7.5 mL/s.>”

Chest CT Angiography with Spectral Imaging and Subtraction
Imaging

Dual-energy CT (DECT) involves the acquisition of two or
more CT measurements with distinct energy spectra. Using
the differential attenuation of tissues and materials at different
x-ray energies, DECT allows distinction of tissues and materials

Radiology: Volume 315: Number 3—June 2025 = radiology.rsna.org

beyond that possible with conventional CT.* DECT technol-
ogies can operate at the source or detector level. Dual-source,
rapid tube-voltage switching, and dual-layer detector CT are
the most commonly used DECT technologies. Although con-
trast-to-noise levels for unfiltered DECT data vary, increasing
with increasing energy separation, final image quality is mainly
determined by the sophisticated noise suppression algorithms
used by all vendors. Most of the currently available technologies
typically use two energy levels, commonly referred to as DECT.
Radiation dose with DECT is similar to that with single energy
CTA acquired at 120 kV but usually higher than that of CTA
acquired at lower kV.

With the use of two or more energy bins, photon-counting
detector CT (PCD CT) can provide the same information as
multi-energy CT. Preliminary studies suggest that PCD CT can
perform routine CT with similar image quality and lower radi-
ation dose compared with DECT.** Optimized protocols for
chest CT angiography with PCD CT combine ultra-high-reso-
lution and high-pitch data acquisition that improve the overall
image quality at lower radiation doses compared with traditional
scanners equipped with energy-integrating detectors.”* As these
approaches allow the creation of perfused blood volume images,
a higher concentration of iodine (350400 mg/mL) is usually ad-
vised for the injection protocol.

Subtraction imaging also relies on the acquisition of two mea-
surements: one before contrast injection and one at peak contrast
enhancement. A low-kV technique is used and the precontrast
scan is performed with a 30%—-50% lower dose than the postcon-
trast scan. By subtracting the precontrast from the postcontrast
scan, an iodine enhancement map is created requiring a nonrigid
registration to accommodate changes in inspiration. In addition,
vessels are masked out and image noise is suppressed to provide a
parenchymal enhancement map, similar to ones employed with
dual-source DECT.#! Analogous to DECT, scans have to be
timed so that there is already substantial pulmonary venous en-
hancement in addition to pulmonary arterial enhancement, to
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ensure that the capillary bed of the lung is sufficiently enhanced
and perfusion differences can be reliably detected.

CT lung perfusion imaging does not correspond to a com-
prehensive blood flow analysis but provides a static, single time
point map of the iodine content within the distal pulmonary bed
(ie, arterioles, capillaries, and venules) after injection of contrast
material. It differs from true perfusion imaging, which requires
imaging of an anatomic ROI at a series of time points or from nu-
clear perfusion imaging, which relies solely on pulmonary arterial
supply.’? CT lung perfusion with the CTA protocol is a snapshot
of iodine distribution within distal pulmonary arteries and capil-
laries. CT lung perfusion with a general CTA protocol provides
information at a later time point, thus showing systemic-to-pul-
monary artery shunts in case of abnormal systemic collateral sup-
ply. The images can be generated as gray-scaled or as color-coded
images. The perfusion maps can be fused with conventional CT
images, allowing simultaneous assessment of morphologic and
physiologic information.’>* In the context of acute PE, CT lung
perfusion imaging improves the diagnostic capabilities of CT
by demonstrating PE-type defects (ie, pleural-based, triangular
defects) as well as obstructive clots, enhancing the detection of
peripheral clots.”

Klok et al

Based on the technique of two-material decomposition into
a soft tissue image and an iodine image, virtual monoenergetic
images (VMI) are generated which demonstrate how the image
object, in particular the iodine, would look if the x-ray source
produced x-rays at a single energy level. In the context of acute
PE, VMIs at low energy (usually 45-55 keV) result in increased
iodine attenuation, and thus detection of endoluminal filling
defects. An additional advantage of monochromatic imaging is
the reduction of iodine load for routine chest CT angiographic
examinations. Reduction of iodine load may be critically import-
ant for reducing postimaging renal impairment in patients with

moderate or severe renal insufficiency.’>”’

CT Venography

Lower extremity US is the preferred method of evaluation for
deep vein thrombosis (DVT). It is radiation-free, readily avail-
able, and inexpensive. Indirect CT venography (CTV) of the ab-
domen, pelvis, and lower limbs to search for concomitant DVT
is possible after CTA but is rarely performed in the setting of (sus-
pected) acute PE. For conventional CTV nonhelical sequential
scanning slice widths between 5 mm and 10 mm and slice inter-
vals up to 5 cm are used. This technique bears the risk of missing

1 RV/LV ratio in axial plane

RV= right ventricle; Lv= left ventricle

RVILV ratio. to the

RV/LY ratio, the largest of the ventricle) is divided by that of the LV
These ar often foumdl On separste IMages 13 correctd K charber iew IS s 25 i s Ca5€) the dametersmay be cbiingd o the SAne pmage.

In this case the RV-LV ratio= 52/28 or 1.96.

2Z Central PE

RPA= right pulmonary artery: LPA= left pulmonary artery

Saddle pulmonary embolism Contrast -enhanced CT shows a central iling defect arrows) that crosses the pulmonary artery bifurcation in keeping with saddle
embolism. PE located in either the pulmonary Lrunk, main pukmonary artery or 10b3r pulmonary artery is referred to as ‘cential PE.

3 Subsegmental PE

RY= right ventricle; LV= left ventricle
. C CT shaws a filling defect in 3 subsegmental artery (ariow) of the right
postarobasal segment. Note the R’\f and left v:mrldr w el thlf ol size. A conirast dofect 5 subsegmental artery, Le. the first arterial branch division of
any ter, visible in at least two subsequent axial slices using a CT scanner with a desired maximun collimator width of
e reteadse o iuh:rgm?mal b Suhwgmen:a\ pulmonary embalism limited to a single subsegmental artery is referred 10 as ' isolated’ subsegmental PE

4 Septum deviation

RV right ventricle; LV= left ventricle

septal deviation.
the LV Note the RV is
acute elevation of pressure.

hi CT shows a right lovier p ‘septum in the direction of
the eft ventricle LV but there Is no rlgm ventricle rwumumw suggesting the RY enlargement is from

5 PA drunk diameter

A= ascending aorta; DA= descending aorta, PA= pulmanary artery

6 Organized mural thrombus

Pulmonary artery runk diameter, The pulmonity ey shouk b maller than I 3015 when transuese obtained. In cute PE,
the pulmonary artery may should be reported. should be obtained orthagonal ta the long axis as “houm above,
Enlargement may be a 5180 of elevated pulmonary pressures. In cases where the 2orta is ebliqued. the diffes be confitmed by

orthogonal to the leng axis of each vessel

thrombus. The of an eccentic flat iling defect (arow) or organized mural thrombus should be reported a5 Trganized mural thiombus.

Figure 1: Image atlas of core set of CT angiography (CTA) findings fo be routinely mentioned in CTA reports.

Radiology: Volume 315: Number 3—June 2025 = radiology.rsna.org



Performing and Reporting CT Angiography for Suspected Acute Pulmonary Embolism

Klok et al

7 Complete arterial occlusion

RPV= superior pulmenary veln: LPV= left suparior pulmonar vein

Arterial occlusion fram acute PE. Contrast-enhanced (T transaxial images demonstiate bilateral acute PE. On the dght, the PE is ut(lmw? (artow 0 A} with minimal

8 Intravascular web

contrast in the expanded vessel, The RV pocrly opacifies compared ta the lefr LPY because of the
Qcclusive emboli can be seen in the right interlobar artery (right arrow in 8) and middle lobe artery. On the left. the P is nearly occusive with some low of contast
around the embolism [dashed arrow in B).

wieb. Axial (A) and sagittal (B) CTA images demonstrate a web in the right lower labe basilar pulmanary artery trunk

9 Pulmonary artery retraction

Pulmanary artery retraction. CT with contrast illustrates retraction of the right lawer lobe p y artery (arrow in A} is better seen on the lung.
windows (B) as every branchus should have an accompanying artery. A bronchus without an artery should raise suspicion for a retracted pulmonary artery.
The left lung serves 2 a nice control and shows the normal pulmonary artery adjacent to the bronchus (arrow in B).

10 Bronchial artery dilatation

AR= ascending aorta: DA= descending aorta

Bronchial artery enlargement. Bronchial arteries are mast often seen just below the cafina (around T4-5) as. n
lgnosis of chvonic E. They e often more easly appreclated on coronal tin MIP (B) mage. Inthis case, a thin MIP o 15 mm Shows the tartuoLs nature o these
wessels (ariow in B).

11 RV hypertrophy

RV= right ventricle; V= left wentricie, RA= right atrium, LA= left atrium

11 RV hypertrophy

Right vntricular hypertrophy. Transaxial contrast-enhanced CT images reveal a markedly hypertophied right ventricle (artow in A). The moderator band (obliquely criented muscle from the ventricular septum to the right ventricke free wall) is even hypertropied (dashed arrow. On the short axis views, septal bowing can be seen
(arrow in B). This bowing is seen in systole (nate the mitral and tricuspid valves are closed on the transaxial view). Systolic bowing s characterictic of elevated pulmonary pressures.

Figure 1(continued): Image atlas of core set of CT angiography (CTA) findings o be routinely mentioned in CTA reports.

shorter segmental clots. Modern helical technique uses 2.5-10
mm reconstructed image thickness with maximum table speed
possible and carefully adjusted mA settings with automated dose
modulation protocols. Scanning should include the deep venous
system from the inferior vena cava (IVC) and iliac veins down
to the popliteal fossae. Ideal scan delay is usually 180 seconds
after the beginning of a larger contrast bolus administration than
CTA. Shorter delays can lead to false-positive pseudothrombotic

Radiology: Volume 315: Number 3—June 2025 = radiology.rsna.org

finding due to incomplete recirculation and uneven mixing of in-
jected contrast into the venous blood pool. Elastic stockings have
been recommended to enhance deep venous filling, but this is
not a practical option, particularly in critically ill patients. CTV
should not be part of routine care, but may be considered in rare
situations where, for instance, CUS is not feasible or available, ie,
rare venous malformations or extreme morbid obesity, or in case
of suspected inferior vena cava or iliac vein thrombosis.
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Diagnostic Image Quality

The major criteria for diagnostic image quality in this setting
are adequate arterial enhancement on images devoid of motion
artifacts. A nondiagnostic CTA examination secondary to insuf-
ficient image quality should be repeated to secure a final diagno-
sis regarding the presence or absence of PE, to avoid under- and
overtreatment. The scan should be analyzed to detect the cause
of suboptimal image quality, and the circumstances/scan pa-
rameters should be revised accordingly. Table 4 summarizes the
most frequent causes of nondiagnostic CTA scans and provides
solutions to improve image quality.

CTPA Imaging Tool for Patients

A pulmonary embolism occurs when a blaod clot moves through the bloodstream and becomes lodged in a bloed vessel in the lungs.
A pulmonary embolism can be life-threatening or cause permanent damage ta the heart and/cr lungs. One methed for confirming
the presence of a pulmonary embolism is to perform CTPA (computed tomography pulmonary angiography) of the patient’s chest.
CTPA uses a CT scanner to produce detailed images of blood vessels and tissues in the heart and lungs. These images show very
thin "slices” (less than 1mm thick) of the upper, middle, and lower cross-sections of the chest, which are very useful for physicians
in diagnosing pulmonary embolism,

Many patients now have increased access 1o their medical records, including radiclogy reports and CT images. Often these are
available for patients to view even before the ardering dactor has had an opportunity ta review them and discuss the findings with
the patient. Radiology reports and images can be difficult for patients to understand, and patients may feel lost or anxious when
attempting to determine what these images reveal about their iliness.

The following is a patient and radiologist-developed tool which is intended to improve patients’ understanding of their CTPA
images. These patient-oriented images have been labelled with familiar terminology and definitions to help patients better under-
stand their imaging results. Patients with a better understanding of their condition may experience less uncertainty, be more
engaged in their treatment, and experience improved outcomes.

Images 1 ta 3 represent typical/normal CT chest scans with commanly understood terminology of the anatomy. These “normal”
images can serve as a point of reference for understanding the patients’ own CTPA images.

The images in slides 4-14 show various examples of abnormalities that can be seen on CTPA images of patients with pulmonary
embolism. Their presence determines treatment decisions on the short but also long term. Understanding how some of these
disease variations may reflect the patient's own health status could highlight possible areas of concern for patients and help 1o
infarm discussions about treatment options with their clinicians. For instance, patients may want to ask their doctor whether the
CTPA also showed signs of chronic clots rather than only acute clots, or whether the right side of the heart was under stress
because of the pulmanary embolism.

Klok et al

Adequacy of pulmonary artery opacification in clinical prac-
tice is usually performed qualitatively, relying on a homogeneous
column of contrast within the arterial lumen. Pulmonary artery
opacification can also be quantitatively assessed by measuring
the attenuation values within central and peripheral pulmo-
nary arteries. A described minimum threshold is approximately
200-250 HU. Simultaneous reading of lung and mediastinal im-
ages is mandatory when analyzing segmental and subsegmental
pulmonary arteries to make sure that breathing or cardiogenic
motion artifacts mimicking endoluminal clots are ruled out, al-
though this is not always achievable. Because image graininess

CT-upper chest (no pulmonary embolism)
Subcutansous fat
(fat beneath skin)

B rusce

Bone

|

Ascending  Breastbone/ Windpipe

Bronchus.

Ribs. aoita  Stemum

Shoulder blade/
Scapula

Puimonary  Backbone/ Descending Shoulder blade/
(lung) vessels  Spine aorta Scapula

z CT-mid chest (no pulmonary embolism)
Bone

| L

Subcutaneous fat
(fat beneath skin)

B Husce

Ascending  Breastbone/ Main pulmonary  Windpipe!

Ribs  acrta  Stemum  (unglartery Bronchus

Shaulder blade!
Seapula

Pulmanary
(lung) vessels

Backbone/  Descending  Shoulder blades
Spine aorta

L 73 Heant CT-lower chest (no pulmonary embolism)
Subcutaneaus fat Bone " "
Right upper  Right lawer Lefrlower
{fat beneath skin) heart chamber  heart chamber Breastbone/  heart chamber
W rusce | (tium)  (ventricle)  Sterem (uentricle)

Ribs  Pulmonary

Backbone/ Descending  Left upper heart

(lung) vessels  Spine sorta  chamber (atrium)

RV= right ventricle: Lv'= left ventricle
Right to left ventricular ratio.
To determine RV/LV ratic, the longest RV !\Imt!r Is divided by the longest LV dlameter measurement of the inside of the heart chambers. In this case
the RVILV ratio= 52/28 or 1.85, Higher RVILV ral evere pi for abnormal usually is a RVILV ratio +1.0).

5 Central PE

RPA= right pulmonary artery; LPA= left pulmonary artery

Central pulmonary embolism.

The CT shaws a central filling defect (arrows) that crasses the pulmanary artery hifurcation (division of the pulmenary trunk inta the left pulmonary artery and
the right pulmonary artery) in keeping with saddle embalism, PE located in either the pulmenary trunk. main pulmonary artery or Iobar pulmanary artery
fartery leading to the lobe of the lung) is referred to a5 ‘central pulmonary embolism’

6 Subsegmental PE

pulmonary lots in the smallest branches of the pulmenary arteries).
Subsegmental pulmonary embalism limited to a single subsegmental artery is referred to as ' isolated subsegmental pulmonary embolism.

7 Septum deviation

Rv= right ventricle; LV= left ventricle

Intraventricular septal deviation (distortion of the wall ividing the ventriclesichambers of the heart).
The CT shows deviation f the interventricular septur (the wall separating the ventricies of
This Is a marker of mare severe pulmanary embalism.

direction of the LV

Figure 2: Image atlas of core set of CT angiography (CTA) findings to be routinely mentioned in CTA reports in lay language for patients.
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8 PA trunc diameter

A= ascending aorta; DA= descending aorta, PA= pulmanary artery

Pulmonary artery trunk diameter
The pulmonary artery (PA) should be smaller than the orta (Af and DA). If nat, this is a marker of more severe pulmonary embolism.

9 Organized mural thrombus

Grganized mural thrombus.
‘This is an organizing blood clot attached 1o the wall of 2 blood vessel or the lining of the heart.
This type of bloed clot is considered to be present for a longer period of time (chronic’ clot).

10 Complete arterial occlusion

Complete arterial occlusion (blockage).
The CT scan shows an occlusive pulmanary embolism (fully blocking the bload flow). In ths situation, the clot may not campletely resalve.

11 Pulmonary artery retraction

Pulmonary artery retraction.
If the pulmonary embaolism evolves into a chrenic clot, the affected artery may shrink (retraction’). The red arow points to the location
where a pulmanary artery branch is expected as these arteries follow the anatomy of the windpipe (dotted arrow).

12 Intravascular web

Intravascular web.
This is a web-like clot within bload vessels in different views of the CT scan (A and B).
‘This type of blood clot s considered to be present for a longer period of time (chronic’clot).

13 Bronchial artery dilatation

Bronchial artery enlargement.
The lung receives oxygen and nutrients from the s called ‘ranchial artery’, and nat the pulmonary artery. In patients with chronic dlots and resulting heart failuse,
the bronchial arteries may distend as indicated by the arrows in panel A and &.

14 RV hypertrophy

Rv/= right ventricle; LV= left ventricle, RA= right atrium, LA= left atrium

14 RV hypertrophy

RV= right ventricle: L= left ventricle

[
1f the wall of the right ventricle is thickenend (hypertrophy) as indicated with arrows in panel A and B, this points to chroni

th i failure.

Figure 2 (continued): Image atlas of core set of CT angiography (CTA) findings to be routinely mentioned in CTA reports in lay language for patients.

due to image noise can alter the diagnostic value of images, one
should anticipate this as a potential cause of reduced image qual-
ity and carefully select scanning parameters, in particular the ki-
lovoltage. These challenges tend to be more difficult to mitigate
in the relatively common scenario of patients with conditions
associated with elevated risk of PE, such as severe illness, obesity,

Radiology: Volume 315: Number 3—June 2025 = radiology.rsna.org

and pregnancy.® Whereas the detection of endoluminal clots al-
lows an easy diagnosis of acute PE, the level of analyzability of
pulmonary arteries is relevant for the diagnostic value of the neg-
ative pulmonary CTA examination and should be included in the
CTA report (Table 3). If only the central pulmonary artery can be
evaluated, the scan is “indeterminate for PE.” More commonly,

10
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in degraded studies some segmental arteries remain analyzable,
while others are not. Such regional suboptimal enhancement usu-
ally has an explanation such as parenchymal compression-infiltra-
tion, which should be stated in the report.

Despite technologic advances, the CTA can occasionally be
nondiagnostic. Table 4 highlights potential causes for nondiag-
nostic examinations and corrective measures that we proposed to
restore a diagnostic image quality. Competitive inflow of unopac-
ified blood from IVC can limit pulmonary artery opacification
due to mixing with opacified blood from the superior vena cava
(SVO) during deep inspiration. This can manifest as “transient
interruption of contrast,” observed after deep inspiration that in-
creases the intrathoracic negative pressure with subsequent inflow
of unopacified blood from the IVC into the right heart and pul-
monary circulation. Transient interruption of contrast is suggested
when dense contrast is visualized in the SVC in the setting of uno-
pacified blood within segments of pulmonary artery and the right
heart.** Another cause of poor opacification within pulmonary
arteries can be observed after deep inspiratory breath hold with a
Valsalva maneuver. During this maneuver, there may be a shunt of
contrast material from the right to the left atrium through a patent
foramen ovale, recognized by the simultaneous finding of poor pul-
monary artery enhancement and dense opacification of the aorta.
In both situations, technologists should coach patients to maintain
a shallow breath hold at the time of the repeat examination. In
patients too dyspneic to hold their breath, acquisitions at shallow
free breathing are alternatives to evaluate central pulmonary arter-
ies.”* Model-based iterative image reconstructions and deep learn-
ing reconstructions can substantially reduce image noise without
dose increase. Increasing tube current, slowing the gantry rotation
time and lowering the table’s pitch can increase the signal-to-noise
ratio, especially in situations in which a substantial increase of radi-
ation exposure is required, for example, due to morbid obesity.?**
A lower pitch prolongs the study and can also exacerbate motion
artifacts. Automatic tube current modulation technology is avail-
able on most scanner manufacturers to assess body size from the
scout image and modulate the tube current in the x, y, and z axes to
achieve a prescribed image quality. Finally, veno-arterial extracor-
poreal membrane oxygenation causes changes in the filling of the
pulmonary arteries when given at high volumes; therefore, its flows
should be temporarily halted or reduced to a minimum during the
execution of CTA.

Recently, artificial intelligence has shown promising accuracy
for the diagnosis of acute PE. It has also shown promise in detect-
ing acute on chronic PEs and in risk stratification. These have the
potential to reduce time to diagnosis, facilitate the activation of
PE response teams, and increase the reproducibility of the diag-
nosis.”> A rapid evolution of artificial intelligence algorithms in
patients with suspected or confirmed PE has to be expected in
the years to come.

Diagnosis of Acute PE at CT

The diagnosis of acute PE rests on the detection of a well-defined
area of low attenuation in the enhanced pulmonary artery. The
filling defect should be identifiable on more than one plane and
on several consecutive slices, and should have distinct borders in
order to avoid confusion with flow. Many radiologic signs have
been used in diagnosing acute PE, including the rim sign which
refers to contrast surrounding a central filling defect and the
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tram-track or railway sign referring to a vessel imaged in plane
where the contrast around a PE takes on the appearance of train
tracks.*® Images should be windowed at the picture archiving and
communication system workstation so that the reference intra-
vascular structures can be seen (eg, the moderator band). If these
structures can be viewed, then a PE should be visible. Most acute
PE will be central within the vessel lumen. When eccentric, acute
PE tend to form acute angles with the vessel wall. Acute PE may
locally distend the vessel, especially when it is occlusive. Occlusive
PE will lead to a defect on lung perfusion images from DECT or
subtraction CT. A reduction in pulmonary blood volume can be
seen if a clot leads to a major obstruction but no occlusion.

Additional findings supportive of a PE diagnosis can be seen on
lung windows. Pulmonary infarcts manifest as peripheral airspace
opacities that have heterogeneous decreased or absent enhance-
ment compared with atelectatic lung.” They may present with
an internal ground-glass or spongelike appearance with a rim of
more well-defined consolidation. This manifestation is sometimes
referred to as the reversed halo sign and reflects the dual blood
supply to the lung with foci of preserved noninfarcted lung adja-
cent to infarcted lung. On lung perfusion images from DECT or
subtraction CT, pulmonary infarcts show no enhancement within
but sometimes increased enhancement in the immediately adjacent
normal lung. Very rarely, an area of lung with decreased attenuation
will be seen with the classic radiographic Westermark sign. Most
often, no parenchymal abnormality is detected. Of note, mosaic
attenuation and enlarged bronchial arteries are not seen in the
context of acute PE alone. Their presence should prompt detailed
search of vascular features of chronic thromboembolic pulmonary
vascular disease (CTEPD) with or without pulmonary hyperten-
sion that might suggest acute PE superimposed on CTEPD.”*7#
Any CT performed for PE should also address any potential source
of embolic disease. These include central catheters, upper extremity
venous thrombosis or cardiac cavities. Table 5 highlights the defini-
tion of often used terminology in CTA reports.

Delphi

A literature review (see supplementary data, Appendix A) was
performed to identify all prospective or retrospective studies re-
porting on prognostic relevance of any CTA findings; studies in
less than 100 patients were excluded. The search was performed
on June 1, 2022, and yielded 589 articles. After screening the lit-
erature search results and integrating with the results of cross-ref-
erencing and personal communications from the members of the
task force, 43 studies fulfilled our inclusion criteria for at least
one outcome. The correlations of the different CTA findings with
either short- or long-term prognosis as described in those papers
were summarized (see supplementary data, Appendix B and Ap-
pendix C) and discussed by the task force.’*’>8-11° Duplication
of data results between individual studies and meta-analysis was
minimized. The studies involved mostly hemodynamically stable
patients with low rates of adverse events. CT scan techniques,
assessment of the CTA findings, thresholds of measurements as
well as clinical outcomes and duration of follow-up were highly
variable across the studies. Independent adjudication of outcomes
was usually lacking and reproducibility of the assessment of the
CTA findings was only rarely reported. More often, the reported
multivariable models did not include all possible relevant CTA
findings; we could therefore not determine which parameters
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were truly independent predictors of prognosis. Based on the re-
sults from the literature, the task force agreed on the selection of
14 CTA findings for the consensus process: those were consis-
tently reported to have a positive association with the prognosis
of PE patients and assumed to be easily assessed manually with-
out the need for dedicated experience (Table 6).

During the consensus process the task force members were
reminded before each voting round to be mindful of time (how
long it takes to assess the parameter), required expertise (some
variables can possibly not be assessed in a valid and reproducible
way by less experienced radiologists during busy shifts) and the
interobserver agreement as presented in the studies we identified
Ultimately, eight CTA findings were considered “must haves” and
three “nice to haves.” The remaining three were not considered
sufficiently indicative and included the following: inferior vena
cava reflux, the Qanadli score to quantify thrombus burden and
the coronary artery calcification score.!"!

The selected 11 CTA findings included the following (Figs 1
and 2):

(7) the location of acute PE (central location, subsegmental PE),

(i7) indicators of right ventricular overload which appeared to
predict early hemodynamic collapse and death (RV/LV ra-
tio, PA trunk diameter, septum deviation), and

(iii) predictors of persistent respiratory symptoms, post-PE syn-
drome, and CTEPH: RV/LV ratio, PA trunk diameter, RV
hypertrophy, septum deviation, organized mural thrombi,
complete arterial occlusion, intravascular webs or bands,
pulmonary artery retraction, and bronchial artery dilatation.

The location of the clot but mostly signs of acute RV overload are
predictive of short-term adverse outcomes and death."'* Subseg-
mental PE may in some circumstances be left untreated.”3-'"
Moreover, clot location is relevant for the assessment of the suit-
ability of the patient for percutaneous reperfusion treatment. Any
additional descriptors of location or extent of clot burden may be
included as “nice-to-have” findings. These descriptors, while not
useful in prognostication, may be helpful for identifying clot res-
olution at follow-up imaging, particularly postlytic or mechanical
interventions. Of note, prognostic information of the clot cannot
be estimated after resuscitation as chest compression may lead to
the migration of clots in the more peripheral arteries. The combi-
nation of several of the signs of CTEPH (more than their isolated
presence at the time of index PE) pointed to the presence of a
pre-existing CTEPH or its subsequent diagnosis.”*7>777#116117
The assessment of signs of preexisting CTEPH may allow for a
more timely diagnosis of CTEPH, which can be safely made after
3 months of effective anticoagulation. Patients with CTEPH are
considered unsuitable candidates for a catheter-based mechanical
embolectomy because they do not benefit, and with increasing
pulmonary pressures any pulmonary vascular intervention be-
comes more risky.”7118

Patient Perspective

The task force included patients and caregivers from Europe and
North America with personal experience with PE. They believe
that understanding what it means to have a PE, and getting rel-
evant information about our personal disease, is very important.
A standardized advice for reporting scans will allow all doctors to
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share the same, most important information among themselves
and their patients, even across borders. They express the hope this
new standard will give doctors and patients the best information
and tools to become better partners in managing PE, improving
both knowledge and outcomes.

Conclusion

This clinical consensus statement provides a current update of
CT angiography (CTA) techniques, a definition of often-used
nomenclature, and recommendations on the proposed content
of CTA reports along with a detailed image atlas with instructions
on how to assess all relevant CTA findings and a lay language
guidance on the meaning of these findings. Upon implemen-
tation, this document may help to standardize CTA radiology
reports across the globe and make all relevant prognostic CT
findings available for treating physicians to guide management
decisions, ultimately improving outcomes of care for PE patients.

Deputy Editor: Mizuki Nishino

Author dffiliations:

! Department of Medicine—Thrombosis and Hemostasis, Leiden University Medical
Center, LUMC Room C-7-68, Albinusdreef 2, 2300RC Leiden, the Netherlands

2 Center for Thrombosis and Hemostasis, University Medical Center of the Johannes
Gutenberg University, Mainz, Germany

3 Departmentof Angiology, University Hospital Zurich, Zurich, Switzerland

# Département of Médecine Vasculaire et Thérapeutique, CHU Saint-Etienne, Mines
Saint-Etienne, INSERM, SAINBIOSE U1059, CIC 1408, Université Jean Monnet
Saint-Etienne, SaintEtienne 42055, France

> Department of Radiology, Mallinckrodt Institute of Radiology, Washington University,
St. Louis, MO, USA

¢ Department of Medicine, Ottawa Hospital Research Institute, University of Ottawa,
Ottawa, Ontario, Canada

7 Department of Radiology and Biomedical Imaging, Yale School of Medicine, New
Haven, CT, USA

& Université Paris-Saclay, Faculté de Médecine, Inserm UMR_S 999, Service de
Pneumologie, Hopital Bicétre, Assistance Publique Hopitaux de Paris, Le Kremlin-Bicétre,
France

? Department of Internal Medicine I, Division of Cardiology, Medical University of
Vienna, Center for Cardiovascular Medicine, Wihringer Giirtel 18-20, Vienna 1090,
Austria

19 Department of Diagnostic Radiology, Fujita Health University School of Medicine,
Toyoake, Japan

" Faculty of Medicine, National Heartand Lung Institute, Imperial College, London, UK

'2Royal Brompton Hospital, National Heart & Lung Institute, Imperial College London,
London, UK

' Department of Radiology and Nuclear Medicine, Radboud University Medical Center,
Nijmegen, the Netherlands

! Department of Internal Medicine and Cardiology, Medical University of Warsaw,
Warsaw, Poland

' Department of Nuclear Medicine, University Hospital Zurich, Zurich, Switzerland
'® Department of Surgery, University of California, San Diego, La Jolla, CA, USA
'”Radboud University Medical Center, Nijmegen (Netherlands)-IMALLIANCE Hauts-

de-France, Valenciennes, France

Received October 10, 2024; revised December 18; accepted December 19.
Address correspondence to: EA.K. (email: f.a.klok@LUMC.nl).

Author’s contributions: EAK., S.B., and M.R.J. prepared the first draft of this clinical
consensus statement. All authors revised the manuscript for important intellectual con-
tent and approved the submitted version.

Funding: M.H. is supported by a state funding managed by the National Research
Agency according to the Investments for the Future programme integrated into France
2030, under the reference ANR-18-RHUS-0006 (DESTINATION 2024).

12



Performing and Reporting CT Angiography for Suspected Acute Pulmonary Embolism

Confilict of interest: EA.K. reports grants or contracts from Bayer, BMS,BSCI, As-
traZeneca, MSD, Leo Pharma, Actelion, Farm-X, The Netherlands Organisation for
Health Research and Development, The Netherlands Organisation for Health Research
and Development, The Dutch Thrombosis Association, The Dutch Heart Foundation
and the Horizon Europe Program, all unrelated to this work and paid to his institution.
M.H. reports institutional speaker, consultant, or steering committee fees from Aero-
vate, Altavant, AOP Orphan, Bayer, Chiesi, Ferrer, Janssen (Actelion), Merck (Accele-
ron), MorphogenIX, Shou Ti, United Therapeutics and institutional research grants from
AOP Orphan, Janssen (Actelion), MSD (Acceleron), Shou Ti. L.B. reports institutional
speaker, consultant and nonfinancial support from BMS-Pfizer, Léo-Pharma, MSD, and
Viatris; and institutional research grants from Bayer and MSD; outside the submitted
work. LM.L. has relationships with drug companies including AOP-Health, Acte-
lion-Janssen, MSD, United Therapeutics, Medtronic, Neutrolis and Ferrer. In addition to
being investigator in trials involving these companies, relationships include consultancy
service, research grants, and membership of scientific advisory boards. The other authors
do not have any disclosures.

Data availability: This is a consensus document; data availability is not applicable.

References

1.

2.

Huisman MV, Barco S, Cannegieter SC, Gal L, Konstantinides G, Reitsma SV
et al. Pulmonary embolism. Nat Rev Dis Primers 2018;4:18028.

Konstantinides SV, Meyer G, Becattini C, Bueno H, Geersing GJ, Harjola VP et
al. 2019 ESC Guidelines for the diagnosis and management of acute pulmonary
embolism developed in collaboration with the European Respiratory Society

(ERS). Eur Heart J 20205 41:543—-603.

. Huisman MV, Klok FA. How I diagnose acute pulmonary embolism. Blood

2013;121: 4443-8.

. Stals MAM, Takada T, Kraaijpoel N, van Es N, Buller HR, Courtney DM etal.

Safety and efficiency of diagnostic strategies for ruling out pulmonary embolism
inclinically relevant patientsubgroups: asystematic reviewand individual-patient

data meta-analysis. Ann Intern Med 2022;175:244-55.

. Pasha SM, Klok FA, Snoep JD, Mos IC, Goekoop R], Rodger MA et al. Safety

of excludingacute pulmonary embolism based on an unlikely clinical probability
by the Wells rule and normal D-dimer concentration: a meta-analysis. Thromb

Res 2010;125:¢123-7.

. Pruszczyk P, Klok FA, Kucher N, Roik M, Meneveau N, Sharp ASP et al.

Percutaneous treatment options for acute pulmonary embolism: a clinical
consensus statement by the ESC Working Group on Pulmonary Circulation
and Right Ventricular Function and the European Association of Percutaneous
Cardiovascular Interventions. Eurolntervention 2022;18:¢623-38.

. Tan S, Nance JW, Haramati LB, Rajiah P, Sherk WM, Gal GL et al. Pulmo-

nary CTA reporting: AJR expert panel narrative review. AJR Am ] Roentgenol
2022;218:396-404.

. Sabel BO, Plum JL, Kneidinger N, Leuschner G, Koletzko L, Raziorrouh B et

al. Structured reporting of CT examinations in acute pulmonary embolism. J
Cardiovasc Comput Tomogr 2017;11:188-95.

. Fitch K. The RAND/UCLA Appropriateness Method User’s Manual. Santa

Monica, CA: RAND; 2001.

. Ohno Y, Koyama H, Seki S, Kishida Y, Yoshikawa T. Radiation dose re-

duction techniques for chest CT: principles and clinical results. Eur ] Radiol
2019;111:93-103.

. Lenfant M, Chevallier O, Comby P-O, Secco G, Haioun K, Ricolfi F et al.

Deep learning versus iterative reconstruction for CT' pulmonary angiography
in the emergency setting: improved image quality and reduced radiation dose.

Diagnostics (Basel) 2020;10:558.

. Matsuoka S, Hunsaker AR, Gill RR, Oliva IB, Trotman-Dickenson B, Jacob-

son FL et al. Vascular enhancement and image quality of MDCT pulmonary
angiography in 400 cases: comparison of standard and low kilovoltage settings.

AJR Am ] Roentgenol 2009;192:1651-6.

. Niemann T, Henry S, Faivre JB, Yasunaga K, Bendaoud S, Simeone A et al.

Clinical evaluation of automatic tube voltage selection in chest CT angiography.
Eur Radiol 2013;23: 2643-51.

. Bae KT, Tran HQ, Heiken JP. Multiphasic injection method for uniform

prolonged vascular enhancement at CT angiography: pharmacokinetic analysis

and experimental porcine model. Radiology 2000;216:872-80.

. Narula ], Chandrashekhar Y, Ahmadi A, Abbara S, Berman DS, Blankstein R et

al. SCCT2021 expertconsensus documenton coronary computed tomographic
angiography: a report of the Society of cardiovascular computed tomography. J
Cardiovasc Comput Tomogr 2021;15:192-217.

. Pontone G, Rossi A, Guglielmo M, Dweck MR, Gaemperli O, Nieman K et

al. Clinical applications of cardiac computed tomography: a consensus paper
of the European Association of Cardiovascular Imaging-part II. Eur Heart J
Cardiovasc Imaging 2022; 23:¢136-61.

. Moradi M, Monfared LJ. Qualitative evaluation of pulmonary CT angiogra-

phy findings in pregnant and postpartum women with suspected pulmonary
thromboembolism. ] Res Med Sci 2015;20:1088-93.

Radiology: Volume 315: Number 3—June 2025 = radiology.rsna.org

18

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.
37.

38.

39.

40.

41.

42.

Klok et al

. Tromeur C, van der Pol LM, Le Roux P-Y, Ende-Verhaar Y, Salaun PY, Leroyer
Cetal. Computed tomography pulmonary angiography versus ventilation-per-
fusion lung scanning for diagnosing pulmonary embolism during pregnancy: a
systematic review and meta-analysis. Haematologica 2019;104:176-88.
Shahir K, McCrea JM, Lozano LA, Goodman LR. Reduced z-axis technique
for CT pulmonary angiography in pregnancy—validation for practical use and
dose reduction. Emerg Radiol 2015;22:651-6.

van der Pol LM, Tromeur C, Bistervels IM, Ni Ainle F, van Bemmel T, Ber-
toletti L etal. Pregnancy-Adapted YEARS algorithm for diagnosis of suspected
pulmonary embolism. N Engl ] Med 2019;380:1139-49.

Gosselin MV, Rassner UA, Thieszen SL, Phillips J, Oki A. Contrast dynamics
during CT pulmonary angiogram: analysis of an inspiration associated artifact.
J Thorac Imaging 2004;19:1-7.

Wittram C, Yoo AJ. Transient interruption of contrast on CT pulmonary
angiography: proof of mechanism. ] Thorac Imaging 2007;22:125-9.
Mortimer AM, Singh RK, Hughes J, Greenwood R, Hamilton MC. Use of
expiratory CT pulmonary angiography to reduce inspiration and breath-hold
associated artefact: contrast dynamics and implications for scan protocol. Clin
Radiol 2011;66:1159-66.

Bauer RW, Schell B, Beeres M, Wichmann JL, Bodelle B, Vogl TJ et al. High-
pitch dualsource computed tomography pulmonary angiography in freely
breathing patients. ] Thorac Imaging 2012;27:376-81.

Szucs-Farkas Z, Megyeri B, Christe A, Vock P, Heverhagen J T, Schindera ST.
Prospective randomised comparison of diagnostic confidence and image quality
with normal-dose and low-dose CT pulmonary angiography at various body
weights. Eur Radiol 2014;24:1868-77.

Cascio V, Hon M, Haramati LB, Gour A, Spiegler P, Bhalla S et al. Imaging of
suspected pulmonary embolism and deep venous thrombosis in obese patients.
Br J Radiol 2018; 91:20170956.

Modica MJ, Kanal KM, Gunn ML. The obese emergency patient: imaging
challenges and solutions. Radiographics 2011;31:811-23.

Beeres M, Wichmann JL, Paul ], Mbalisike E, Elsabaie M, Vogl T]J et al. CT
chest and gantry rotation time: does the rotation time infl image quality? Acta
Radiol 2015;56:950—4.

Ramos-Duran LR, Kalafut JF, Hanley M, Schoepf UJ. Current contrast media
delivery strategies for cardiac and pulmonary multidetector-row computed
tomography angiography. ] Thorac Imaging 2010;25:270-7.

Wittram C. How I do it: CT pulmonary angiography. AJR Am ] Roentgenol
2007;188: 1255-61.

Kuzo RS, Pooley RA, Crook JE, Heckman MG, Gerber TC. Measurement
of caval blood fl with MRI during respiratory maneuvers: implications for
vascular contrast opacification on pulmonary CT angiographic studies. AJR
Am J Roentgenol 2007;188: 839-42.

Ozawa Y, Hara M, Shibamoto Y. The frequency of insufficient contrast en-
hancement of the pulmonary artery in routine contrast-enhanced chest CT and
its improvement with an increased injection rate: a prospective study. ] Thorac
Imaging 2011;26:42-7.

Browne AM, Cronin CG, NiMhuircheartaigh ], Donagh C, Morrison J], Lohan
DG etal. Evaluation of imaging quality of pulmonary 64-MDCT angjography
in pregnancy and puerperium. AJR Am J Roentgenol 2014;202:60—4.

Goble EW, Abdulkarim JA. CT pulmonaryangiographyusinga reduced volume
of high-concentration iodinated contrast medium and multiphasic injection to
achieve dose reduction. Clin Radiol 2014;69:36—40.

Wu CC, Lee EW, Suh RD, Levine BS, Barack BM. Pulmonary 64-MDCT
angiography with 30 mL of IV contrast material: vascular enhancement and
image quality. AJR Am ] Roentgenol 2012;199:1247-51.

Marini TJ, He K, Hobbs SK, Kaproth-Joslin K. Pictorial review of the pulmonary
vasculature: from arteries to veins. Insights Imaging 2018;9:971-87.

SaccoS, Marini C, ToniD, Olivieri L, Carolei A. Incidence and 10-year survival of
intracerebral hemorrhage ina population-based registry. Stroke 2009;40:394-9.
Si-Mohamed SA, Miailhes J, Rodesch PA, Boccalini S, Lacombe H, Leitman
V etal. Spectral photon-counting CT technology in chest imaging. J Clin Med
2021;10:5757.

Si-Mohamed SA, Grefhier ], Miailhes J, Boccalini S, Rodesch PA, Vuillod A
et al. Comparison of image quality between spectral photon-counting CT and
duallayer CT for the evaluation of lung nodules: a phantom study. Eur Radiol
2022;32: 524-32.

Sotoudeh-Paima S, Segars WP, Samei E, Abadi E. Photon-counting CT versus
conventional CT for COPD quantified intra-scanner optimization and inter-
scanner assessments using virtual imaging trials. Proc SPIE Int Soc Opt Eng
2022; 12031:1203121.

Jungblut L, Kronenberg D, Mergen V, Higashigaito K, Schmidt B, Euler A et
al. Impact of contrast enhancement and virtual monoenergetic image energy
levels on emphysema quantification: experience with photon-counting detector
computed tomography. Invest Radiol 2022;57:359-65.

Jungblut L, Euler A, von Spiczak J, Sartoretti T, Mergen V, Englmaier V et al.
Potential of photon-counting detector CT for radiation dose reduction for the
assessment of interstitial lung disease in patients with systemic sclerosis. Invest

Radiol 2022;57: 773-9.
13



Performing and Reporting CT Angiography for Suspected Acute Pulmonary Embolism

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

6l1.

62.

63.

G4.

65.

66.

67.

68.

Hagen F, Walder L, Fritz J, Gutjahr R, Schmidt B, Faby S et al. Image quality
and radiation dose of contrast-enhanced chest-CT acquired on a clinical pho-
ton-counting detector CT'vs. Second-generation dual-source CT inan oncologic
cohort: preliminary results. Tomography 2022;8:1466-76.

Rapp]B, Biko DM, White AM, Ramirez-Suarez KI, Otero HJ. Spectral imaging
in the pediatric chest: past, presentand future. Pediatr Radiol 2022;52:1910-20.
Graafen D, Emrich T, Halfmann MC, Mildenberger P, Duber C, Yang Y etal.
Dose reduction and image quality in photon-counting detector high-resolution
computed tomography of the chest: routine clinical data. ] Thorac Imaging
2022;37: 315-22.

Inoue A, Johnson TF, White D, Cox CW, Hartman TE, Thorne ] et al.
Estimating the clinical impact of photon-counting-detector CT in diagnosing
usual interstitial pneumonia. Invest Radiol 2022;57:734-41.

De Cecco CN, Schoepf UJ, Steinbach L, Boll DT, Foley WD, Kaza RK et
al. White paper of the Society of computed body tomography and magnetic
resonance on dual-energy CT, part 3: vascular, cardiac, pulmonary, and mus-
culoskeletal applications. ] Comput Assist Tomogr 2017;41:1-7.

Goo HW, Goo JM. Dual-Energy CT: new horizon in medical imaging. Korean
J Radiol 2017;18:555-69.

Grob D, Smit E, Oostveen L], Snoeren MM, Prokop M, Schaefer-Prokop CM
et al. Image quality of iodine maps for pulmonary embolism: a comparison of
subtraction CT and dual-energy CT. AJR Am ] Roentgenol 2019;212:1253-9.
van Dam LF, Kroft LJM, Boon G, Huisman MV, Ninaber MK, Klok FA.
Computed tomography pulmonary perfusion imaging and 3-months clinical
outcomes after acute pulmonary embolism. Thromb Res 2021;199:32—4.

van Dam LF, Kroft LJM, Huisman MV, Ninaber MK, Klok FA. Computed
tomography pulmonary perfusion for prediction of short-term clinical outcome
in acute pulmonary embolism. TH Open 2021;5:¢66-72.

Alis ], Latson LA Jr, Haramati LB, Shmukler A. Navigating the pulmonary per-
fusion map: dual-energy computed tomography in acute pulmonary embolism.
J Comput Assist Tomogr 2018;42:840-9.

Masy M, Giordano J, Petyt G, Hossein-Foucher C, Duhamel A, Kyheng M
et al. Dual-energy CT (DECT) lung perfusion in pulmonary hypertension:
concordance rate with V/Q scintigraphy in diagnosing chronic thromboembolic
pulmonary hypertension (CTEPH). Eur Radiol 2018;28:5100-10.

Kim NH, Delcroix M, Jenkins DP, Channick R, Dartevelle P, Jansa P et
al. Chronic thromboembolic pulmonary hypertension. ] Am Coll Cardiol
2013;62:D92-9.

Weidman EK, Plodkowski AJ, Halpenny DF, Hayes SA, Perez-Johnston R,
Zheng] etal. Dual-Energy CT angiography for detection of pulmonary emboli:
incremental benefit of iodine maps. Radiology 2018;289:546-53.

Noda Y, Kawai N, Kawamura T, Kobori A, Miyase R, Iwashima K et al.
Radiation and iodine dose reduced thoraco-abdomino-pelvic dual-energy CT
at 40 keV reconstructed with deep learning image reconstruction. Br J Radiol
2022;95:20211163.

Tabari A, Gee MS, Singh R, Lim R, Nimkin K, Primak A et al. Reducing
radiation dose and contrast Medium volume with application of dual-energy
CT in children and young adults. AJR Am ] Roentgenol 2020;214:1199-205.
Huisman MV, Klok FA. Diagnostic management of acute deep vein thrombosis
and pulmonary embolism. ] Thromb Haemost 2013;11:412-22.

Cham MD, Yankelevitz DF, Henschke CI. Thromboembolic disease detection
at indirect CT venography versus CT pulmonary angiography. Radiology
2005;234:591-4.

Yankelevitz DF, Gamsu G, Shah A, Rademaker J, Shaham D, Buckshee N etal.
Optimization of combined CT pulmonary angiography with lower extremity
CT venography. AJR Am ] Roentgenol 2000;174:67-9.

Bruce D, Loud PA, Klippenstein DL, Grossman ZD, Katz DS. Combined CT
venography and pulmonary angiography: how much venous enhancement is
routinely obtained? AJR Am ] Roentgenol 2001;176:1281-5.

Loud PA, Katz DS, Bruce DA, Klippenstein DL, Grossman ZD. Deep venous
thrombosis with suspected pulmonary embolism: detection with combined CT
venography and pulmonary angiography. Radiology 2001;219:498-502.
Katz DS, Loud PA, Hurewitz AN, Mueller R, Grossman ZD. CT venogra-
phy in suspected pulmonary thromboembolism. Semin Ultrasound CT MR
2004;25:67-80.

Nayak GK, YuS, Levsky JM, Haramati LB. Illness severity and comorbidities are
associated with limitations in computed tomography pulmonary angiography.
J Thorac Imaging 2016;31:W60-1.

Weikert T, Winkel D], Bremerich J, Stieltjes B, Parmar V, Sauter AW et al.
Automated detection of pulmonary embolism in CT pulmonary angiograms
using an Al-powered algorithm. Eur Radiol 2020;30:6545-53.

Wittram C, Maher MM, Yoo AJ, Kalra MK, Shepard JA, McLoud TC. CT
angiography of pulmonary embolism: diagnostic criteria and causes of misdi-
agnosis. Radiographics 2004;24:1219-38.

He H, Stein MW, Zalta B, Haramati LB. Pulmonary infarction: spectrum of
findings on multidetector helical CT. ] Thorac Imaging 2006;21:1-7.
Kaptein FHJ, Kroft LJM, Hammerschlag G, Ninaber MK, Bauer MP, Huisman
MV et al. Pulmonary infarction in acute pulmonary embolism. Thromb Res
2021;202:162-9.

Radiology: Volume 315: Number 3—June 2025 = radiology.rsna.org

69

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

Klok et al

. Kaptein FHJ, Kroft LJM, van Dam LF, Stoger JL, Ninaber MK, Huisman MV
etal. Impact of pulmonary infarction in pulmonary embolism on presentation
and outcomes. Thromb Res 2023;226:51-5.

Barco S, Mavromanoli AC, Kreitner KF, Bunck AC, Gertz R], Ley S et al. Pre-
existing chronic thromboembolic pulmonary hypertension in acute pulmonary
embolism. Chest 2023;163:923-32.

Braams NJ, Boon G, de Man FS, van Es J, den Exter PL, Kroft LJM et al.
Evolution of CT findings after anticoagulant treatment for acute pulmonary
embolism in patients with and without an ultimate diagnosis of chronic throm-
boembolic pulmonary hypertension. Eur Respir ] 2021;58:2100699.
Ende-Verhaar YM, Meijboom 1], Kroft LJM, Beenen LEM, Boon G, Mid-
deldorp S et al. Usefulness of standard computed tomography pulmonary
angiography performed for acute pulmonary embolism for identification of
chronic thromboembolic pulmonary hypertension: results of the InShape 111
study. J Heart Lung Transplant 2019;38:731-8.

Remy-Jardin M, Ryerson CJ, Schiebler ML, Leung ANC, Wild JM, Hoeper
MM etal. Imaging of pulmonary hypertension in adults: a position paper from
the Fleischner society. Radiology 2021;298:531-49.

Humbert M, Kovacs G, Hoeper MM, Badagliacca R, Berger RMF, Brida M
etal. 2022 ESC/ERS Guidelines for the diagnosis and treatment of pulmonary
hypertension. Eur Heart ] 2022;43:3618-731.

Delcroix M, Torbicki A, Gopalan D, Sitbon O, Klok FA, Lang I et al. ERS
statement on chronic thromboembolic pulmonary hypertension. Eur Respir J
2021;57:2002828.

Klok FA, Ageno W, Ay C, Bick M, Barco S, Bertoletti L etal. Optimal follow-up
after acute pulmonary embolism: a position paper of the European Society of
Cardiology Working Group on Pulmonary Circulation and Right Ventricular
Function, in collaboration with the European Society of Cardiology Working
Group on Atherosclerosis and Vascular Biology, endorsed by the European
Respiratory Society. Eur Heart ] 2022;43:183-9.

Boon G, Jairam PM, Groot GMC, van Rooden CJ, Ende-Verhaar YM, Beenen
LFM et al. Identification of chronic thromboembolic pulmonary hypertension
on CTPAs performed for diagnosing acute pulmonary embolism depending on
level of expertise. Eur ] Intern Med 2021;93:64-70.

Guerin L, Couturaud F, Parent F, Revel MP, Gillaizeau F, Planquette B et al.
Prevalence of chronic thromboembolic pulmonary hypertension after acute
pulmonary embolism. Prevalence of CTEPH after pulmonary embolism.
Thromb Haemost 2014;112:598—605.

den Exter PL, Kroft LJM, Gonsalves C, Le Gal G, Schaefer-Prokop CM,
Carrier M et al. Establishing diagnostic criteria and treatment of subsegmental
pulmonary embolism: a Delphi analysis of experts. Res Pract Thromb Haemost
2020;4:1251-61.

Norton L, Cooper G, Sheerins O, Mac A, Bhdird K, Roditi G etal. Clinical and
radiological characteristics of acute pulmonary embolus in relation to 28-day
and 6-month mortality. PLoS One 2021;16:0258843.

Becattini C, Maraziti G, Vinson DR, Ng ACC, den Exter PL, Coté B et al.
Right ventricle assessment in patients with pulmonary embolism at low risk for
death based on clinical models: an individual patient data meta-analysis. Eur
Heart ] 2021;42:3190-9.

Cozzi D, Moroni C, Cavigli E, Bindi A, Caviglioli C, Nazerian P etal. Prognostic
value of CT pulmonary angiography parameters in acute pulmonary embolism.
Radiol Med 2021;126:1030-6.

Chaosuwannakit N, Soontrapa W, Makarawate P, Sawanyawisuth K. Importance
of computed tomography pulmonary angiography for predict 30-day mortality
in acute pulmonary embolism patients. Eur ] Radiol Open 2021;8:100340.
Jia D, Li XL, Zhang Q, Hou G, Zhou XM, Kang J. A decision tree built with
parametersobtained by computed tomographic pulmonary angiography is useful
for predicting adverse outcomes in non-high-risk acute pulmonary embolism
patients. Respir Res 2019; 20:187.

Osman AM, Abdeldayem EH. Value of CT pulmonary angiography to predict
shortterm outcome in patient with pulmonary embolism. Int J Cardiovasc
Imaging 2018; 34:975-83.

Alonso Martinez JL, Anniccherico Sinchez FJ, Urbieta Echezarreta MA, Garcfa
IV, Alvaro JR. Central versus peripheral pulmonary embolism: analysis of the
impact on the physiological parameters and long-term survival. N Am ] Med
Sci 2016;8:134-42.

Aviram G, Soikher E, Bendet A, Shmueli H, Ziv-Baran T, Amitai Y et al.
Prediction of mortality in pulmonary embolism based on left atrial volume
measured on CT pulmonary angiography. Chest 2016;149:667-75.

Bach AG, Nansalmaa B, Kranz J, Taute BM, Wienke A, Schramm D etal. CT
pulmonary angiography findings that predict 30-day mortality in patients with
acute pulmonary embolism. Eur ] Radiol 2015;84:332-7.

George E, Kumamaru KK, Ghosh N, Gonzalez Quesada C, Wake N, Bedayat A
etal. Computed tomography and echocardiography in patients with acute pul-
monary embolism: part 2: prognostic value. ] Thorac Imaging 2014;29:W7-12.
Vedovati MC, Germini F, Agnelli G, Becattini C. Prognostic role of embolic
burden assessed at computed tomography angiography in patients with acute
pulmonary embolism: systematic review and meta-analysis. ] Thromb Haemost
2013;11:2092-102.

14



Performing and Reporting CT Angiography for Suspected Acute Pulmonary Embolism

91. Jiménez D, LoboJL, Monreal M, Moores L, Oribe M, Barrén M etal. Prognostic
significance of multidetector CT in normotensive patients with pulmonary
embolism: results of the protect study. Thorax 2014;69:109-15.

92. Venkatesh SK, Wang SC. Central clot score at computed tomography as a
predictor of 30-day mortality after acute pulmonary embolism. Ann Acad Med
Singap 2010;39: 442-7.

93. Schoepf UJ, Kucher N, Kipfmueller F, Quiroz R, Costello P, Goldhaber SZ.
Right ventricular enlargement on chest computed tomography: a predictor of
carly death in acute pulmonary embolism. Circulation 2004;110:3276-80.

94. van der Meer RW, Pattynama PM, van Strijen MJ, van den Berg-Huijsmans
AA, Hartmann IJ, Putter H et al. Right ventricular dysfunction and pulmo-
nary obstruction index at helical CT: prediction of clinical outcome during
3-month follow-up in patients with acute pulmonary embolism. Radiology
2005;235:798-803.

95. Rotzinger DC, Knebel JF, Jouannic AM, Adler G, Qanadli SD. CT pulmonary
angiography for risk stratification of patients with nonmassive acute pulmonary
embolism. Radiol Cardiothorac Imaging 2020;2:¢190188.

96. Kwak MK, Kim WY, Lee CW, Seo DW, Sohn CH, Ahn S etal. The impact of
saddle embolism on the major adverse event rate of patients with non-high-risk
pulmonary embolism. Br ] Radiol 2013;86:20130273.

97. Lyhne MD, Schultz JG, MacMahon PJ, Haddad F, Kalra M, Tso DM et
al. Septal bowing and pulmonary artery diameter on computed tomography
pulmonary angiography are associated with short-term outcomes in patients
with acute pulmonary embolism. Emerg Radiol 2019;26:623-30.

98. Beenen LFM, Bossuyt PMM, Stoker ], Middeldorp S. Prognostic value of
cardiovascular parameters in computed tomography pulmonary angiography
in patients with acute pulmonary embolism. Eur Respir J 2018;52:1702611.

99. Etesamifard N, Shirani S, Jenab Y, Lotfi-Tokaldany M, Pourjafari M, Jalali A.
Role of clinical and pulmonary computed tomography angiographic parameters
in the prediction of shortand long-term mortality in patients with pulmonary
embolism. Intern Emerg Med 2016;11:405-13.

100. Kang DK, Thilo C, Schoepf U], Barraza JM Jr, Nance JW Jr, Bastarrika G etal.
CT signs of right ventricular dysfunction: prognostic role in acute pulmonary
embolism. JACC Cardiovasc Imaging 2011;4:841-9.

101. Araoz PA, Gotway MB, Trowbridge RL, Bailey RA, Auerbach AD, Reddy GP
et al. Helical CT pulmonary angiography predictors of in-hospital morbidity
and mortality in patients with acute pulmonary embolism. ] Thorac Imaging
2003;18:207-16.

102. Karri], Truong T, Hasapes], Trujillo DO, Chua S, Shiralkar K etal. Correlating
computed tomography pulmonary angiography signs of right ventricular strain
in pulmonary embolisms to clinical outcomes. Ann Thorac Med 2020;15:64-9.

103. Ende-Verhaar YM, Kroft L]M, Mos ICM, Huisman MV, Klok FA. Accuracy
and reproducibility of CT right-to-left ventricular diameter measurement in
patients with acute pulmonary embolism. PLoS One 2017;12:¢0188862.

104. Kumamaru KK, Saboo SS, Aghayev A, Cai P, Quesada CG, George E et al.
CT pulmonary angiography-based scoring system to predict the prognosis of
acute pulmonary embolism. ] Cardiovasc Comput Tomogr 2016;10:473-9.

105. Kumamaru KK, Hunsaker AR, Wake N, Lu MT, Signorelli J, Bedayat A et

al. The variability in prognostic values of right ventricular-to-left ventricular

Radiology: Volume 315: Number 3—June 2025 = radiology.rsna.org

Klok et al

diameter ratios derived from different measurement methods on computed
tomography pulmonaryangiography:a patientoutcomestudy. ] ThoracImaging
2012;27:331-6.

106. Araoz PA, Gotway MB, Harrington JR, Harmsen WS, Mandrekar JN. Pul-
monary embolism: prognostic CT findings. Radiology 2007;242:889-97.

107. Pech M, Wieners G, Dul P, Fischbach F, Dudeck O, Lopez Hinninen E et
al. Computed tomography pulmonary embolism index for the assessment of
survival in patients with pulmonary embolism. Eur Radiol 2007;17:1954-9.

108. Aranda C, Gonzalez P, Gagliardi L, Peralta L, Jimenez A. Prognostic factors of
clotresolution on follow-up computed tomographyangiography and recurrence
after a first acute pulmonary embolism. Clin Respir J 2021;15:949-55.

109. Méan M, Tritschler T, Limacher A, Breault S, Rodondi N, Aujesky D et al.
Association between computed tomography obstruction index and mortality
in elderly patients with acute pulmonary embolism: a prospective validation
study. PLoS One 2017;12:¢0179224.

110. den Exter PL, van Es J, Kroft L], Erkens PM, Douma RA, Mos IC et al.
Thromboembolic resolution assessed by CT pulmonary angiography after
treatment foracute pulmonary embolism. Thromb Haemost 2015;114:26-34.

111. Qanadli SD, Hajjam E, Vieillard-Baron M, Joseph A, Mesurolle T, Oliva
B et al. New CT index to quantify arterial obstruction in pulmonary embo-
lism: comparison with angiographic index and echocardiography. AJR Am ]
Roentgenol 2001;176:1415-20.

112. Klok FA, Meyer G, Konstantinides S. Managementof intermediate-risk pulmo-
nary embolism: uncertaintiesand challenges. Eur ] Haematol 2015;95:489-97.

113. Carrier M, Klok FA. Symptomatic subsegmental pulmonary embolism:
to treat or not to treat? Hematology Am Soc Hematol Educ Program
2017;2017:237-41.

114. Le Gal G, Kovacs MJ, Bertoletti L, Couturaud F, Dennie C, Hirsch AM et
al. Risk for recurrent venous thromboembolism in patients with subsegmen-
tal pulmonary embolism managed without anticoagulation: a multicenter
prospective cohort study. Ann Intern Med 2022;175:29-35.

115. Luijten D, Klok FA, van Mens TE, Huisman MV. Clinical controversies in
the management of acute pulmonary embolism: evaluation of four important
but controversial aspects of acute pulmonary embolism management that are
still subject of debate and research. Expert Rev Respir Med 2023;17:181-9.

116. Boon G, Ende-Verhaar YM, Beenen LFM, Coolen J, Delcroix M, Golebio-
wski M etal. Prediction of chronic thromboembolic pulmonary hypertension
with standardised evaluation of initial computed tomography pulmonary
angiography performed for suspected acute pulmonary embolism. Eur Radiol
2022;32:2178-87.

117. Ende-Verhaar YM, Cannegieter SC, Vonk Noordegraaf A, Delcroix M,
Pruszezyk P, Mairuhu AT et al. Incidence of chronic thromboembolic pul-
monary hypertension after acute pulmonary embolism: a contemporary view
of the published literature. Eur Respir ] 2017;49:1601792.

118.Lang IM, Andreassen AK, Andersen A, Bouvaist H, Coghlan G, Escriba-
no-Subias P ezal. Balloon pulmonary angjoplasty for chronic thromboembolic
pulmonary hypertension: a clinical consensus statement of the ESC working
group on pulmonary circulation and right ventricular function. Eur Heart ]

2023;44:2659-71.



