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Abstract
Background: Imaging techniques such as chest X-ray (CXR), computed tomography pulmonary angiography (CTPA), 

ventilation-perfusion (V/Q) scintigraphy, and magnetic resonance imaging (MRI) are some methods used to detect and manage 
acute pulmonary embolism (PE). The aim of this review was a comparative analysis of the various imaging techniques used to 
evaluate PE. 

Methods and Results: The incidence, distribution, clinical features, classification of PE and clinical assessment of the current 
methods for diagnosis of PE were discussed. CTPA is the gold standard for fast turnaround and accurate diagnosis. Additional 
probable reasons for sudden chest pain can also be learned through a CT scan. Lung perfusion anomalies can be identified and 
measured using dual-energy CT. Chest radiographs are only marginally beneficial, occasionally revealing PE or infarction signs, 
but are helpful in ruling out other possible causes of chest pain. These patients’ ventilation-perfusion mismatches are evident in the 
V/Q scan, which has many grading schemes with conventional ranges from normal to high. While MRI, which is only available 
in specialist facilities and calls for higher degrees of competence, also offers accurate diagnosis.

Conclusion: Early diagnosis and treatment of PE is challenging due to asymptomatic conditions or overlapping symptoms. 
Diagnosis of PE in expectant mothers and those with suspected PE recurrence is typically difficult. Over-diagnosis and 
overtreatment, particularly regarding sub-segmental PE, and the lowered clinical suspicion threshold remain a major concern in 
PE diagnosis. The routine use and integration of the above diagnostic techniques need to be encouraged in clinical practice to 
overcome the diagnostic hurdles. The introduction of new diagnostic techniques or improved risk stratification processes might 
enhance the management of PE.(International Journal of Biomedicine. 2023;13(1):20-25.)
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Introduction
Venous thromboembolic disease (VTE) includes deep 

vein thrombosis (DVT) and pulmonary embolism (PE) 
as two distinct but often associated entities. Deep venous 
thrombi that have detached and embolized to the pulmonary 
circulation lead to the incidence of PE.(1) As a result of the 

pulmonary vascular blockage, perfusion and gas transfer 
are compromised. More typically than the upper lobes, 
the lower lobes of the lungs are impacted, and bilateral 
lung participation is prevalent. Smaller emboli obstruct 
the peripheral arteries, while larger emboli compress in the 
primary pulmonary artery. A pulmonary infarction caused by 
peripheral PE might be seen as intra-alveolar bleeding. Dead 
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zone ventilation results from pulmonary artery occlusion since 
alveolar ventilation is greater than pulmonary capillary blood 
flow. Vascular obstruction of the arteries raises pulmonary 
vascular resistance, which exacerbates the imbalance 
between ventilation and perfusion. Additionally, serotonin 
and thromboxane, two humoral mediators produced by active 
platelets, can elicit vasoconstriction in unaltered lung areas. 
When the pulmonary artery systolic pressure increases, the 
right ventricular afterload also increases, leading to right 
ventricular dysfunction. As right ventricular failure develops, 
a diminished left ventricular filling may develop. Due to 
insufficient coronary artery filling, myocardial ischemia may 
advance quickly, potentially leading to hypotension, syncope, 
electromechanical dissociation, or abrupt death.(2)

PE is a high early-mortality-rate, acute cardiovascular 
disorder that can result in acute right ventricular (RV) failure, 
a life-threatening condition.(3) It is the third leading cause of 
cardiovascular-related deaths worldwide. Therefore, rapid 
diagnosis and prompt therapeutic intervention are necessary 
for optimal management of the condition. Patients may 
remain asymptomatic or have symptoms that also occur in 
other cardiopulmonary diseases; the severity of the symptoms 
depends upon the duration and the level of the thrombus as 
well as the previous history of the patient. Diagnosis of PE 
still remains a challenge, wherein, under- and overdiagnosis 
may have serious consequences.(4) Ruling out PE is significant 
due to the risk of bleeding upon anticoagulation therapy and 
the costs of treatment and management.(5) Diagnosis relies on a 
combination of clinical assessment, diagnostic thoracic imaging, 
and the D-dimer test, each of which has its own benefits and 
limitations. Therefore, initial tests that are lower in cost and risk 
are conducted to exclude PE efficiently, whereas imaging tests 
are carried out on patients in whom PE could not be excluded 
upon initial assessment. Currently, the most recommended 
imaging technique by clinicians is CT pulmonary angiography 
(CTPA). However, for patients with renal insufficiency, CT is 
contraindicated, and lower limb venous compression ultrasound 
or V/Q scans are the diagnostics of choice. More recently 
developed novel diagnostic tests such as V/Q SPECT seem to 
be promising and accurate and a potential substitute for CTPA. 
However, further studies on PE management outcomes are 
warranted before it finds implementation in clinical practice. In 
this article, we aim to review the various diagnostic imaging 
techniques for PE that are well-established or novel and to 
provide a comparative analysis of these methods that may be 
used in diagnostic management tailored to patient requirements.

Incidence, distribution, classification, and clinical features 
of PE

Dislodging a deep vein thrombus/clot from the lower 
limbs can lead to PE development. The thrombus then moves 
to the arterial lung circulation and lodges itself, thus causing a 
partial or complete block.(6) Acute onset chest pain presented in 
the emergency room is often caused by acute PE that occurs in 
0.2% of individuals affected by VTE. About 5%–8% of the US 
population who have inherited thrombophilia are more at risk 
of VTE. PE remains the third leading cause of cardiovascular-
related deaths, causing an annual hospitalization of 250,000 

individuals in the USA alone.(7-9) It is found to occur in higher 
numbers in males than females and can lead to chronic 
thromboembolic pulmonary hypertension (CTEPH) as a 
long-term consequence.(10,11) Recently, the incidence of PE 
has increased, although deaths have decreased despite the 
high mortality rates associated with PE.(12) Recurrent PE is 
seen in up to 30% of individuals within 10 years of being 
affected with VTE, and half of them ultimately develop long-
term post-thrombotic syndrome.(8) Hypertension, malignancy, 
obesity, and recent surgery or immobilizations are among the 
risk factors predisposing one to DVT and, eventually, PE.(13) 
The clinical features of acute PE vary among individuals. 
A large majority of patients affected with PE may remain 
asymptomatic, whereas other patients may be presented 
with sudden death. Clinical features of acute PE commonly 
include dyspnea, chest pain, hypotension, cough, tachycardia, 
and hemoptysis. Cardiac arrest, shock, and hypotension are 
presented in patients with massive PE. Patients with right heart 
strain show notched S wave in lead V1, changes in S1Q3 and 
S1Q3T3 pattern, inverted T waves, and right bundle branch 
block in ECG.(14) Proximal DVT causes symptoms that include 
edema, pain, erythema, and swelling in the lower extremities. 
The Wells score(15) or the Geneva score helps stratify PE. 
Stratification is based on a three-tier model (>6, high risk; 
2–6, moderate risk; 0–1, low risk) that helps classify risk 
reliably,(16) or a two-tier model (>4 PE likely; ≤4 PE unlikely) 
that recommends performing a D-dimer test on patients 
unlikely to have PE, in contrast to a CTPA being performed in 
patients likely to have PE.(17) 

Clinical assessment and review of current methods for the 
diagnosis of PE

Suspected PE initially assessed using ECG or CXR 
that rules out any other cause requires further testing to 
confirm or exclude diagnosis with a high level of certainty 
to overcome the consequences of anticoagulation prescription 
or a missed PE diagnosis. More than two decades have gone 
into developing diagnostic strategies to manage PE safely and 
non-invasively. Imaging plays a crucial role in diagnosing and 
managing  acute PE. However, increasingly available imaging 
techniques and their widespread use for precise diagnosis of 
PE as reflected by a decrease in the prevalence of PE among 
suspected patients,(18) raise public health questions that include 
costs and radiation hazards and treatment of very small 
clots that may not be clinically relevant. Therefore, D-dimer 
measurements and clinical probability assessment allow for 
ruling out PE in suspected patients without any imaging tests. 

CTPA is a rapid procedure that accurately diagnoses PE 
and forms the first line of image modality. Other causes of acute 
chest pain can also be detected with CT, while dual-energy 
CT helps to detect and quantify lung perfusion abnormalities. 
Contrarily, CXR is used in evaluating other chest pain causes 
and can only occasionally detect PE or infarction. The V/Q 
scan detects ventilation-perfusion mismatches, while MRI, 
which is only available in specialized centers and requires 
expertise to be operated, provides a precise diagnosis of PE. 
V/Q scintigraphy was the first non-invasive procedure used 
to diagnose PE.(19-21) However, a high percentage of non-
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diagnostic scans result in complex diagnostic algorithms, 
thus decreasing acceptance of V/Q scintigraphy, compared 
to CTPA. Nevertheless, CTPA has drawbacks that include 
higher radiation dose, renal impairment, contraindications 
like an allergic response to iodine contrast media, and the risk 
of misdiagnosing non-clinically relevant PE.(4,22) In this field, 
in vivo characterization of the thrombus remains a crucial 
challenge.(23)

Comparative analysis of the various radiological imaging 
techniques employed in PE analysis

Chest Radiograph
CXR helps to detect causes of acute chest pain that 

include pulmonary edema, pneumonia, or pneumothorax, but 
is not useful in PE diagnosis. However, some radiographic 
abnormalities specific to PE may be seen in acute PE patients. 
The Fleischner sign, which refers to an enlarged pulmonary 
artery, occurs post its distension due to the embolus that also 
causes pulmonary hypertension. The Westermark sign refers 
to regional oligemia due to PE, which has 92% specificity and 
14% sensitivity in PE diagnosis. In pulmonary infarction, a 
Hampton hump may be seen and has 28% PPV, 76% NPV, 
22% sensitivity, and 82% specificity. Other non-specific 
findings comprise vascular redistribution, elevated diaphragm, 
and pleural effusion.(24)

Computed tomography pulmonary angiography
CTPA forms the standard care for the diagnosis of PE in 

suspected patients and is used in clinical diagnostic algorithms.
(9) PIOPED II trial indicates CTPA to have 83% sensitivity 
and 96% specificity in accurately diagnosing PE.(25,26) The 
advantages of CTPA include being rapid, minimally invasive, 
and readily available.(27) CTPA allows direct visualization of 
thrombus and can detect other etiologies causing shortness of 
breath as well as pain in the chest and coronary artery disease.
(28) The risk of cancer owing to exposure to ionizing radiation 
is a concern of using CT; however, technical advances in 
protocols minimize the amount of ionizing radiation.(29) For 
patients with a poor glomerular filtration rate, the intravenous 
contrast material employed in CTPA may not be accepted due to 
its association with contrast-induced nephropathy (CIN).(30,31) 
Adverse events are low, ranging between 0.2% and 0.7%.(32,33) 
CTPA can detect sub-millimeter-sized, small sub-segmental 
pulmonary emboli and pleural effusion. A  pulmonary infarct, 
a major consequence of acute PE, is characterized by a wedge-
shaped, peripheral opacity consisting of a central ground glass 
and a rim of consolidation in CTPA.(34) In contrast, chronic 
PE is characterized by thrombus recanalization, calcification, 
intraluminal webs, and filling defects that adhere to the wall, 
forming concave surfaces and obtuse angles. The vessels 
in chronic PE exhibit abnormal tapering, are smaller than 
normal, and may be entirely cut off from the segmental 
vessel. Chronic PE demonstrates parenchymal changes 
that constitute band-like opacities, mosaic perfusion, and 
bronchial dilation.(35,36) Based on several parameters, CT helps 
to estimate risk-stratification and the severity of PE, such as 
clot burden, right heart strain, and lung perfusion. Flattening 
of the interventricular septum, increased right ventricle/
left ventricular ratio, and reflux of contrast material into the 

hepatic veins and the inferior vena cava (IVC) are the features 
of right heart strain.(37) Scores such as the CT obstruction index 
and the CT severity score developed by Qanadli et al.(38) and 
by Mastora et al.,(39) respectively, are used to quantify the clot, 
but are not used in clinical practice routinely.(40,41) Recent 
technological advances in CT have made low doses of radiation 
and concentration contrast material in CTPA acquisition 
feasible. Based on the body mass index of a patient, radiation 
doses are minimized by using minimal tube voltage and tube 
current.(42) Tube current modulation based on the density and 
thickness of the imaged area can save 26% of the radiation 
dose.(43) Advanced iterative reconstruction algorithms that 
use hybrid techniques or statistical models mitigate image 
noise arising due to low tube current and voltage.(44) Low-
dose CTPA, in conjunction with the reconstruction algorithm, 
yields similar quality to standard-dose CTPA.(45) Low voltage 
scans reduce the requirement of contrast material by 33% 
but maintain diagnostic accuracy and image quality.(46,47) 
Recently developed dual-source scanners permit rapid high-
pitch CT acquisitions (up to 3.4) while removing gaps in data. 
The rapid acquisition reduces the radiation dose, volume of 
contrast material,(48,49) and motion artifact, allowing free-
breathing CTPA studies,(50) and evaluation of the coronary 
arteries, aorta, and pulmonary vessels.(51) Recent CT methods 
use a combination of dual-source, dual-energy CT (DECT) 
and improved iodine detection to allow CTPA with minimal 
loads of contrast material, tube voltage, and tube current 
without substantial degradation in the quality of images.(52-54) 
The use of X-ray tube power and IR algorithms in advanced 
technologies may even allow high-pitch CTPA in a large 
patient population while eliminating noise.(55)

V/Q scintigraphy
This technology is a nuclear examination that makes use 

of a ventilation scanning procedure to determine the pattern 
of airflow in the lungs and a perfusion scan to map out the 
blood flow pattern. By analyzing images that demonstrate 
ventilation and perfusion in all parts of the lungs by employing 
radioactive tracers, the V/Q scan aids in the clinical decision 
process.(56)

In cases where CTPA is either impossible or inappropriate, 
a V/Q scan is preferable. These cases include women who are 
pregnant, and persons who have renal disease, are allergic 
to iodinated radiocontrast agents, or cannot accommodate a 
CT scanner. It exposes the individuals to a 50-times lower 
radiation dose. A systemic evaluation of 23 prospective trials 
found that in a sum total of 7000 patients in whom the clinical 
likelihood and D-dimer evaluation were ambiguous, a normal 
perfusion scan may be used to safely rule out PE.(19)

The V/Q scan is a safe treatment option that most 
patients tolerate well. But there are some potential pitfalls 
which include bruising, swelling, redness, and experiencing 
pain at the injection site; a radioactive, isotope-induced 
allergic response that is treatable; and radiation exposures to 
the fetus, particularly in the first trimester.(56)

One hour before the initiation of the study, a posterior-
anterior and lateral chest radiograph is required. Nevertheless, 
in patients without deteriorating signs and symptoms, a chest 
radiograph taken 24 hours prior to the V/Q scans is generally 
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acceptable. Regional ventilation is mapped using a variety of 
products, such as inert gases (81mKr, 133Xe), radiolabeled 
aerosols 99mTc-DTPA, and 99mTc-labelled technegas.(57)

Multiple imaging techniques are used, such as V/Q 
imaging with SPECT (V/Q), a regularly used protocol, and 
in uncommon circumstances, planar scintigraphy (V/Q) is 
also used. To prevent the transmission of SARS-CoV-2 during 
the COVID-19 epidemic, many facilities chose to perform 
perfusion-only scanning. Additionally, CT or CTPA may be 
coupled with V/Q. 

Multidetector gamma cameras are used in SPECT 
to acquire the images and produce a three-dimensional 
version of the captured images. SPECT demonstrated greater 
sensitivity than the planar approach.(58) The V/Q SPECT is 
considered to be the second choice of the diagnostic test if 
the CTPA contrast and exposure to radiation are prohibited.(59) 
Low indetermination rate and higher reproducibility are two 
benefits of the aforementioned technique.(60) More sensitivity 
and specificity, novel methods of processing analytical data, 
and cutting-edge methods, such as V/Q ratio certification, are 
the added advantages of the said technique.(61)

For ventilation and perfusion imaging, a double gamma 
camera is used to acquire two-dimensional V/Q Planar image 
capture. Between the two consecutive scans, the patient needs 
to move as little as possible. When the V/Q SPECT seems not 
to be viable, at least four views are employed in this approach.
(62) A significant disadvantage of the approach is its two-
dimensional imaging. Additionally, following the embolic 
event, inaccurate diagnosis of segmental lung involvement, 
and difficulty in determining the severity of perfusion 
abnormalities are some of the other notable drawbacks.(4)

A low-dose CT scan is combined with functional SPECT 
imaging using the V/Q SPECT/CT Imaging Technique to offer 
more precise anatomical data. In actual practice, the perfusion 
scan is typically followed by the CT scan.(59) The biggest 
drawback of the technique is exposure to radiation. SPECT/
CT has benefits that include V/Q mismatch situations, such 
as tumor, external vascular compression, or obstructive lung 
illness, and can be detected with greater accuracy than PE.(62) 
For non-embolic reasons, V/Q matching data seems to be 
better (pneumonia, pleural or pericardial effusion). Detection 
of PE cases is made possible where V/Q is atypically matched 
with a pulmonary infarction, similar to PE. Additionally, it 
possesses the best diagnostic precision.

Magnetic resonance imaging
By using parallel imaging for angiography procedures 

and pulmonary perfusion, MRI accuracy is continuously 
improving. This supports its usage along with other possible 
benefits of MRI, such as a radiation-free approach and a higher 
safety profile of MR contrast medium.(63)

The comparative standard for investigations utilized 
a standard pulmonary angiography in a meta-analysis of 
research that used gadolinium-enhanced MR for imaging acute 
PE. Sensitivity values from 77% to 100% were recorded, and 
specificities ranged from 95% to 98%.(7) Other meta-analyses 
found that the central and lobar arteries had 100% sensitivity 
for PE, the segmental arteries had 84% sensitivity, whereas the 
subsegmental portions had only 40% sensitivity.(64)

The PIOPED III trial demonstrated that although 52% of 
patients (194 of 370) had technically subpar outcomes, technically 
appropriate MR angiography and venography had a sensitivity 
of 92% and a specificity of 96%. It was recommended that only 
individuals for whom comprehensive tests were contraindicated 
should be examined for MR pulmonary angiography, and only 
at centers where it is frequently performed well.(65) The most 
accurate method for determining PE, MR perfusion of the 
lung, was not used in this investigation, which posed a serious 
drawback.(66) Gadolinium-based contrast agents have not been 
shown to be safe in pregnant patients, and unaugmented MRI 
techniques still need to be improved to accurately assess only 
the central and first-order artery branches.(67)

Conclusion
The development of diagnostic techniques during the last 

few years did not reduce the requirement for intrusive diagnostic 
testing. The existing algorithms rely on the consecutive use of 
the D-dimer measure, pretest probability evaluation, and, if 
necessary, a chest imaging examination. These methods are 
rather easy to understand, practical, and economical. Although 
these diagnostic approaches have received extensive validation, 
more work must be done to promote their use and integration 
into routine clinical practice. It is still difficult to diagnose PE in 
some patient populations, such as expectant mothers and those 
with suspected PE recurrence. The concern of overdiagnosis 
and overtreatment, particularly regarding sub-segmental PE, 
as well as the lowered clinical suspicion threshold that leads 
to a lower fraction of PE in suspected patients, are further 
challenges that may necessitate revisions of present diagnostic 
approaches. Some of these difficulties might be resolved with 
the introduction of new diagnostic techniques or improved risk 
stratification processes.
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