
Preto AS et al Pulmonary Thromboembolism Revisited

99

Pulmonary Thromboembolism Revisited
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The authors have the following objectives: to review the mechanism and causes of Acute and Chronic Pulmonary 
Thromboembolism, to review clinical guidelines on when to ask for imagiological exams, to present the key imaging 
findings of this entity on 64-MDCT, to describe potential complications and identify possible pitfalls. MDCT  angiography 
of the pulmonary arteries is very frequently performed to rule out Pulmonary Embolism at the emergency scene. If not 
recognized and treated it has an overall mortality of 30%. Sometimes, asymptomatic emboli organize, turning into a 
chronic picture. When there is pulmonary hypertension associated it results in cor pulmonale. After revision of some 
illustrative cases of Pulmonary Thromboembolism (PTE) from our institution, the authors realize that the classical 
conventional radiology signs are “hard to see”. The diagnostic criteria for acute PTE always include the presence of 
a filling defect on an arterial branch of pulmonary vasculature on MDCT. There are some variants presented on this 
essay. Chronic PTE may include signs of complete occlusion of a vessel that is smaller than adjacent patent vessels 
and a peripheral, crescent-shaped intraluminal defect that forms obtuse angles with the vessel wall, and contrast 
material flowing through thickened and often smaller arteries due to recanalization. The conclusions drawn from this 
paper might be summarized like this: MDCT is determinant for the diagnosis of this entity with its direct and indirect 
signs; differential diagnosis must be considered, as their treatment and prognosis might be very different; imagiologi-
cal artifacts are among the worst pitfalls for the radiologist.
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InTRoducTIon

Almost everyday clinicians need to rule out Pulmo-
nary Embolism at the Emergency scenario. Pulmonary 
Embolism (PE) is the third most common acute car-
diovascular pathology after myocardial infarction and 
stroke, resulting in thousands of deaths each year (1). 
If not recognized and treated it has an overall mortality of 
30% (1). However, only 8% will dye if appropriate treatment 
is instituted. The challenge is that the disease is difficult 
to diagnose often because the symptoms are “silent”. 

The term PE is a broad term that includes embolism 
from many sources such as air, bone marrow, talc, am-
niotic fluid, arthroplasty cement, tumor, and sepsis. The 
authors will focus specially on thrombolic venous PEs 
(Pulmonary thromboembolism - PTE) that develop from 
a distal source such as the deep veins of the legs. Usu-
ally, it is very difficult to know their proper origin just by 
image exams. 

RevIsIon of The mechanIsm and causes of 
acuTe and chRonIc PulmonaRy embolIsm

Pathophisiology 
PTE is not a disease in and of itself. Rather, it is an 

often fatal complication of underlying venous thrombosis. 
Under normal conditions, microthrombi (tiny aggregates 
of red cells, platelets, and fibrin) are formed and lysed 
continually within the venous circulatory system. This dy-
namic equilibrium ensures local hemostasis in response to 
injury without permitting uncontrolled propagation of clot. 
Under pathological conditions, microthrombi may escape 
the normal fibrinolytic system to grow and propagate. PE 
occurs when these propagating clots break loose and 
embolize to block pulmonary blood vessels. 

Thrombosis in the veins is triggered by venostasis, 
hypercoagulability, and vessel wall inflammation. These 
3 underlying causes are known as the Virchow triad. All 
known clinical risk factors for Deep Vein Thrombosis 
(DVT) and PTE have their basis in one or more elements 
of the triad (1).
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Patients who have known neoplasms, who have un-
dergone gynecologic surgery, those with major trauma, 
and those with indwelling venous catheters may have 
DVTs that start at any location. 

For other patients, venous thrombosis most often 
involves the lower extremities and nearly always starts 
in the calf veins, which are involved in virtually 100% of 
all cases of symptomatic spontaneous lower extremity 
DVT [1]. Current techniques allow us to demonstrate PE 
in 60-80% of these patients, even though about half have 
no clinical symptoms to suggest PE (1).

There is an easy way to memorize the most important 
risk factors – the “5 PM” rule:

5 PM:  Past events of PE and /or DVT 
           Postoperative
           Postpartum period
           Pregnancy
           Prolonged Immobilization
           Malignancy

Acute PE
Clinical Manifestations - PTE has a wide spectrum of 

clinical manifestations ranging from absence of symptoms 
to patient death. Although most patients with PTE are 
asymptomatic, fewer than 20% present with the classical 
triad dyspnea, hemoptysis and pleuritic chest pain. 

Chronic PE
Pathogenesis - The majority of pulmonary emboli re-

solve without sequelae. In a small percentage of patients, 
particularly those with large emboli, the emboli undergo 
organization, recanalization, and retraction. The end result 
is vascular stenosis, which may lead to severe pulmonary 
hypertension and cor pulmonale. 

 Recognizing chronic pulmonary embolism is important 
because, without intervention, the survival rate is low, 
especially if pulmonary hypertension is severe at the time 
of diagnosis. On the other hand, surgery usually results 
in good outcome in terms of both functional status (93% 
in New York Heart Association class I or II) and long-term 
survival rate (75% for patients who had undergone surgery 
more than 6 years earlier) (1).

clinical guidelines when to ask for imagiological 
exams

PTE has been described as “the great masquerader” 
because of the illusive, nonspecific and varied symptoms 
upon presentation.

Prompt diagnosis and stratification in patients with 
suspected PE and a high risk of adverse events may 
help to improve outcomes. For instance, highly sensitive 
D-dimer assays safely rule out pulmonary embolism in 
patients with a low or intermediate clinical probability, 
while less sensitive assays have been validated only in 
low probability patients in outcome studies. Clinical as-

sessment has been shown to be useful for reducing the 
requirement for invasive tests in outcome studies and to 
be cost-effective.  However is not enough.

Therefore, investigators developed prediction rules, the 
most widely validated of which are the Wells score and 
the Geneva score [1]. In our institution the cut-off value 
for image diagnosis is a Wells´ score of 2. 

When evaluating patients with possible DVT, the initial 
task is to decide whether the clinical likelihood for DVT 
is Iow. When evaluating possible PE, the initial task is to 
decide whether the clinicaI Iikelihood is high. Patients with 
Iow likelihood of DVT or non-high (i.e. low to moderate) 
Iikelihood of PE can undergo initial diagnostic evaluation 
with D-dimer testing alone without obligatory imaging tests. 

dIagnosTIc WoRK-uP

nonimaging diagnostic modalities 

Nonimaging tests are best utilized in combination 
with clinical likelihood of DVT or PE

BLOOD TESTS - The quantitative plasma D-dimer 
enzyme-linked immunosorbent assay (ELISA) rises in the 
presence of DVT or PE because of plasmin’s breakdown 
of fibrin. Elevation of D-dimer indicates endogenous 
although often clinically ineffective thrombolysis. The 
sensitivity of the D-dimer is greater than 80% for DVT 
(including isolated calf DVT) and greater than 95% for 
PE (1). The D-dimer is less sensitive for DVT than PE 
because the DVT thrombus size is smaller. The D-dimer 
is a useful "rule out" test. It is normal < 500 ng/rnL) in 
more than 95% of patients without PE. In patients with low 
clinical suspicion of DVT, it is normal in more than 90% 
without DVT. The D-dimer assay is not specific. Levels 
increase in patients with myocardial infarction, pneumo-
nia, sepsis, cancer, the postoperative state, and second 
or third trimester of pregnancy. Therefore, it rarely has 
a useful role among hospitalized patients because their 
D-dimers are frequently elevated due to some systemic 
illness. Contrary to classic teaching, arterial blood gases 
lack diagnostic utility for PE, even though both the Po2 
and PCO2 often decrease. 

ELEVATED CARDIAC BIOMARKERS - Serum tro-
ponin levels increase in RV microinfarction. Myocardial 
stretch often results in elevation of brain natriuretic pep-
tide or NT-pro-brain natriuretic peptide. Elevated cardiac 
biomarkers predict an increase in major complications 
and mortality from PE.

ELECTROCARDIOGRAM - The most cited abnor-
mality, in addition to sinus tachycardia, is the S1 Q3 T3 
sign: an S wave in lead I, Q wave in lead III, and inverted 
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T wave in lead III. This finding is relatively specific but 
insensitive. Perhaps the most frequent abnormality is the 
ST-wave inversion in leads V1 to V4.

noninvasive Imaging modalities
Chest X-Ray (CXR) - The initial chest x-ray (CXR) 

findings of a patient with PE are virtually always normal, 
although on rare occasions they may show the Westermark 
sign (i.e., a dilatation of the pulmonary vessels proximal 
to an embolism along with collapse of distal vessels, 
sometimes with a sharp cutoff) (2). Over time, an initially 
normal CXR often begins to show atelectasis, which 
may progress to cause a small pleural effusion and an 
elevated hemidiaphragm. After 24-72 hours, one third of 
patients with proven PE develop focal infiltrates that are 
indistinguishable from an infectious pneumonia. A rare late 
finding of pulmonary infarction is the Hampton hump, a 
triangular or rounded pleural-based infiltrate with the apex 
pointed toward the hilum, frequently located adjacent to 
the diaphragm. Another rare finding is an enlarged right 
descending pulmonary artery (2) (Pallas sign).

Multidetector Computerized Tomography (MDCT) 
- The past few years have seen decisive dynamic devel-
opments in CT technology, mainly brought about by the 
advent of multi–detector row CT. The current generation 
of four–, eight–, and 16– and 64-detector row CT scan-
ners now allow for coverage of the entire chest with 
1-mm or submillimeter resolution within a short single 
breath-hold—now less than 6 seconds in the case of a 
64–detector row CT, as it is in our institution. The protocol 
we use is according to the literature (Table 1).

The ability to cover substantial anatomic volumes with 
excelent spatial resolution has brought a number of clear 
advantages. The high spatial resolution along the scan 

axis of a thin-collimation multi–detector row CT data set, 
allows an accurate evaluation of the full course of such 
vessels (2-5). The interobserver correlation for confident 
diagnosis of subsegmental emboli with thin-section 

multi–detector row CT by far exceeds the reproducibility 

of selective pulmonary angiography.

Key ImagIologIcal asPecTs on 64-mdcT

direct mdcT signs of acute Pe (3-5)

Complete Obstruction
On pulmonary angiograms, the diagnostic sign of acute 

PE with complete obstruction is a concave filling defect 
or “trailing edge” that should be seen within the contrast 
material at the level of the obstruction. CT is able to show 
thrombus distal to the obstruction that cannot be seen on 
an angiogram. At the site of the thrombus, the diameter 

of the pulmonary artery may be increased because of 
impaction of the thrombus by pulsatile flow (Fig.1).

Nonobstructive Filling Defect
A nonobstructive filling defect may be central or ec-

centric in location. On angiography, a central filling defect 
is completely surrounded by contrast material. On CT, 
this finding is seen as a well-defined central filling defect 
in either an axial or a longitudinal plane with respect to 
the vessel. A nonobstructive central filling defect cannot 
float within the center of the lumen without physically 
touching the vessel wall and will be attached to either a 
nonobstructive eccentric filling defect or the thrombus of 
complete obstruction. In acute PE, a nonobstructing ec-
centric filling defect forms acute angles with respect to 
the vessel wall when seen on angiography or CT (Fig.2).

Table 1 - our mdcT angioTc protocol (siemens somaton 64)

Peak Voltage (kVp)

Tube current (mAs)

Pitch

Colimation

Reconstruction

Acquisition

Conrast (Volume - mL; Rate - mL/s)

Scan Delay

Time of scanning

100

200

0.75

0.6

Slice of 1mm with an increment of 0.7 mm

Slice with 3 mm

80-140 L; 3-4 m/s

"Bolus tracking" (acquisition at 150 HU)

5.78 sec
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Areas of pulmonary infarction can also be present 
(Fig.3). 

Indirect sign of acute Pe: nonuniform arterial Perfu-
sion (3-5)

 Oligemia, or a decrease in flow rate, due to acute 
PE is often identified on angiography. Nonuniform arterial 

Fig.1 - MDCT signs of acute PE. Complete obstruction. 
This catastrophic event ended with the patient´s death, 
2 hours after the performance of the CT exam. Note the 
huge thrombus in both pulmonary arteries, leading to 
enlargement of the vessels. Images a and b are axial 
slices, c and d are coronal reformatations. Note the small 
pleural effusion on the right. The inferior vena cava reflux 
means probable right cardiac chambers overload. 

 Fig.2 - MDCT signs of acute PE. Partial obstruction. All 
images are axial slices of 3 different patients. Images a 
and c are from the same patient – 60 y.o. man who had 
right knee replacement 2 weeks previously. Image a 
shows the transversal image of a central clot (“doughnut 
sign”). Image b is from a 75 y.o. bedridden woman after 
a stroke. See the longitudinal aspect of a central clot 
(“railway track sign”). c and d images show central clots 
which draw an acute angle with the vessel wall.  

Fig.3 - MDCT signs of acute PE. All images are axial slices 
of 2 different patients. Images a and b are from the same 
patient – 70 y.o. man who has a right lung neoplasy.  Im-
age a shows a central clot (asterisk); b reveals a wedge 
opacity on the thrombosis territory, meaning probably 
an infarction of the basolateral segment of the left lower 
lobe. Images c and d belong to a 59 y.o. woman with a 
coagulopathy. See the bilateral thrombus (arrows), and 
on the left the occluded artery which probably irrigates 
the basal posterior segment of the left lower lobe. The 
circle marks the lung infarction on image c and the arrow 
marks it on d.  On the lung window (d) we can see “ground 
glass” appearance of the right lung parenchyma, which 
can be related to alveolar hemorrhage. 

perfusion due to acute PE can uncommonly manifest as 

a mosaic pattern of attenuation on CT. Occasionally, a 
large acute central PE can cause oligemia and a decrease 
in vessel diameter, which is reversible, can be seen on 
CT. The differential diagnosis of the indirect radiologic 

sign of nonuniform pulmonary arterial perfusion consists 
of congenital or acquired causes including chronic PE, 
emphysema, infection, compression or invasion of a 
pulmonary artery, atelectasis, pleuritis, and pulmonary 
venous hypertension. 
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direct signs of chronic Pe (3-5)

Complete obstruction
 A decrease in the diameter of the vessel can be seen 

distal to the complete obstruction. This permanent reduc-
tion in vessel diameter is due to contraction of thrombus 
in chronic PE.

Nonobstructive Filling Defects
The organized thrombus of chronic PE can cause 

intimal irregularities, bands and webs, and abrupt vessel 
narrowing; any of these can lead to a pulmonary artery 
stenosis. 

Intimal Irregularities
Intimal irregularities are broad-based, smooth, mar-

gined abnormalities that create obtuse angles with the 
vessel wall. They may be unilateral or bilateral. Pulmonary 
artery intimal irregularities can also be due to plaques 
secondary to pulmonary hypertension (Fig.4).

Bands and Webs
A band is defined as a delicate ribbonlike structure 

anchored to the vessel wall at two ends with a free unat-
tached mid portion. A band generally ranges from 0.3 to 
2 cm in length and from less than 0.1 to 0.3 cm in width. 
It is often orientated in the direction of blood flow along 
the long axis of the vessel. A web is a descriptive term 
for bands that have branches and form networks of vary-
ing complexity. Bands and webs are seen as thin lines 
surrounded by contrast material on angiography or CT.

Abrupt Vessel Narrowing
Abrupt vessel narrowing, often the result of recanaliza-

tion, manifests imagiologically as an abrupt convergence 
of contrast material that leads to a thin column of intra-
vascular contrast material distally. 

Indirect signs of chronic Pe (3-5)

Poststenotic Dilatation
Poststenotic dilatation or aneurysm commonly occurs 

as a manifestation of chronic thromboembolic disease. 

The differential diagnosis includes congenital causes - 
for example, Marfan syndrome -   or acquired causes. 
Acquired causes include mycotic aneurysms secondary 
to septic emboli or adjacent pulmonary infection, pseudoa-
neurysms resulting from extra- or endovascular trauma 
(e.g., pulmonary artery catheterization), Behçet disease, 
and Takayasu’s arteritis. 

Tortuous Vessels
Tortuous pulmonary vessels have been well described 

in patients with pulmonary artery hypertension. This 
radiologic sign is also seen in patients with pulmonary 
artery hypertension secondary to chronic thromboembolic 
disease.

Enlargement of the Main Pulmonary Artery
Enlargement of the main pulmonary artery, greater than 

33 mm, occurs in patients with precapillary, capillary, and 
postcapillary causes of pulmonary artery hypertension. 
This radiologic finding is commonly identified in patients 
with pulmonary artery hypertension secondary to chronic 
thromboembolic disease. 

Enlargement of Bronchial Arteries
Enlarged bronchial arteries are often identified in pa-

tients with chronic thromboembolic disease. Other causes 
of this finding include congenital vascular anomalies, 
bronchiectasis, acute or chronic lung abscesses, and 
mycobacterial and fungal infections. Enlargement of the 
bronchial artery collateral supply is easily seen on CT 

Fig.4 - MDCT signs of  chronic PE. Incomplete obstruction 
– different aspects. Image a shows organized thrombus 
(arrows) as cause of intimal irregularities. It looks like the 
vessel walls are “thicker” than they should in the longitu-
dinal view. Image b shows intimal irregularity of chronic 
PE as a broad-based, smooth, margined abnormality 
that can affect one or both sides of the vessel. It forms 
obtuse angles with vessel wall. On c we observe eccen-
tric chronic thrombus, an usual aspect of this entity on 
the axial plane. This eccentric filling defect forms obtuse 
angles with vessel wall (arrow).  
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angiography but cannot be identified on conventional 
angiography of the pulmonary artery. 

Nonuniform Arterial Perfusion
Chronic PE can cause a nonuniform arterial perfusion 

pattern identifiable on angiography and can manifest as 
a mosaic pattern of lung attenuation on CT. In addition, 

on CT one can see that the affected pulmonary arter-
ies are permanently small relative to the accompanying 
bronchi and that unaffected arteries are often larger than 
their accompanying bronchi. The mosaic pattern of lung 
attenuation has two other major causes: small airways 
disease, in which the mosaic pattern of lung attenuation 
is accentuated by expiratory CT, and ground-glass opaci-
fication, in which it is not.

MR ANGIOGRAPHY   (1,2) -  Although a non-radiation 
exam modality, MR angiography still lacks spatial reso-
lution and has not widespread use in acutely ill patients 
suspected of having PE, owing to lack of general avail-
ability, relatively long examination times, and difficulties 
in patient monitoring.

VENOUS ULTRASONOGRAPHY  (1,2) -  Ultraso-
nography of the deep venous system relies upon loss 
of vein compressibility as the primary criterion for DVT. 

LUNG SCANNING (1,2) -  Lung scanning is now 
a second-line diagnostic test for PE. It is mostly used 
for patients who cannot tolerate intravenous contrast. 
Small particulate aggregates of albumin labeled with a 
gamma-emitting radionuclide are injected intravenously 
and trapped in the pulmonary capillary bed. The perfu-
sion scan defect indicates absent or decreased blood 
flow, possibly due to PE. Ventilation scans, obtained 
with radiolabeled (99mTc) inhaled gases such as xenon 
or krypton, improve the specificity of the perfusion scan. 
Abnormal ventilation scans indicate abnormal nonventi-
lated lung, thereby providing possible explanations for 
perfusion defects other than acute PE, such as asthma or 
chronic obstructive pulmonary disease. A high probability 
scan for PE is defined as having two or more segmental 
perfusion defects in the presence of normal ventilation. 
The diagnosis of PE is very unlikely in patients with nor-
mal and near-normal scans but is about 90% certain in 
patients with high-probability scans. Unfortunately, most 
patients have nondiagnostic scans, and fewer than half 
of patients with angiographically confirmed PE have a 
high-probability scan. As many as 40% of patients with 
clinical suspicion for PE and “low-probability” scans do, 
in fact, have PE at angiography.

Forty-one percent of patients with PE have high prob-
ability scans and 87% of patients with this pattern have 
PE. In most clinical settings, a high-probability scan pat-
tern may be considered positive for PE. These exams 
can particularly help on chronic PTE, which can be very 
difficult to recognize in imagiological exams (Fig.5).

Invasive diagnostic modalities 

PULMONARY ANGIOGRAPHY  (5) - Chest CT 
with contrast has virtually replaced invasive pulmonary 
angiography as a diagnostic test. Invasive catheter-
based diagnostic testing is reserved for those in whom 
an interventional procedure such as catheter-directed 
thrombolysis or embolectomy is planned. A definitive diag-
nosis of PE depends upon visualization of an intraluminal 
filling-defect in more than one projection.

An Algorithm for Diagnostic Work-up can be defined 
(Fig.6).

Fig.5 - 83 y.o. woman who had slight elevation of D-dimer 
and CXR with mediastine enlargement. Images a and b 
are MDCT aspects of possible Chronic PE which were 
assumed to be partial volume artifact. Images c and d 
show a lung scan which reveals mismatches between 
ventilation and perfusion in the middle and lower lobes 
of the right lung as well as the antero-medial segment of 
the lower left lobe.  

Fig.6 - Algorithm for Diagnostic Work-up of DVT and PE.
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descRIbe PRognosTIc facToRs and IdenTIfy-
Ing PossIble PITfalls 

Clinical and Imagiological Identification of High-Risk 
Patients

Estimation of acute PE clinical outcome in the In-
ternational Cooperative Pulmonary Embolism Registry 
(ICOPER) and Management Strategy and Prognosis of 
Pulmonary Embolism Registry (MAPPET) studies under-
lined the importance of circulatory failure and systemic 
hypotension as predictors of poor prognosis. In patients 

with normal systolic arterial pressure, mortality increases 

with worsening of RV dysfunction. 
The severity of PE can be also evaluated at CT by 

using different aspects, from the PE itself to upstream 
consequences and ultimately the origin of PE, namely 
venous thrombosis: (a) the obstruction of the pulmonary 
vascular bed; (b) the consequences of pulmonary vascular 
bed obstruction at the level of the heart; (c) upstream 

consequences at the level of abdominal and thoracic ve-
nous structures; and (d) the clot burden in lower limb and 
abdominal veins, which represents the risk for recurrent 
episodes of PE. Quantitative cardiac CT measurements 
obtained on axial CT images, namely the RV short axis, 
the LV short axis, and particularly the RV/LV short axes 
ratio, have shown a significant positive (RV short axis, RV/
LV diameter ratio) or negative (LV short axis) correlation 
with the severity of PE or with fatal outcome (6,7). An 
acute increase in volume and pressure in the right heart 

may be associated with raising diameters of the Superior 
Vena Cava and Azygos Vein (6,7).

Table 2 - misdiagnosis of Pe.

Patient-related factors
     Respiratory Motin Artifact
     Image Noise
     Pulmonary Artery Catheter
     Flow-related Artifact

Technical factors
     Window Settings
     Streak Artifact
     Lung Algorithm Artifact
     Partial Volume Artifact
     Stair Step Artifact

anatomic factors
     Partial Volume Averaging Effect in Lymph Nodes
     Vascular Bifurcation
     Misidentification of Veins

Pathologic factors
     Mucus Plug
     Perivascular Edema
     Primary Pulmonary Artery Sarcoma
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PITfalls 

A table listing potential pitfalls is given (Table 2) and 
several cases illustrating them are presented (2,3). Never 
forget that besides PTE, there are other forms of PE, like 
gas and tumor embolism (8).

conclusIon

MDCT is determinant for the diagnosis of this entity 
with its direct and indirect signs. Differential diagnosis 
must be considered, as their treatment and prognosis 
might be very different. Image artifacts are among the 
worst pitfalls for the radiologist.
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