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Preface

It is my honor to introduce the book entitled Computed Tomography - An Overview.

Computed tomography (CT) remains a cornerstone of contemporary diagnostic
imaging, providing high-resolution anatomical and functional information essential
for clinical decision-making. As technological advancements accelerate, a concise yet
authoritative overview of CT has become increasingly important for practitioners
and trainees. Computed Tomography - An Overview was developed to address this
need by presenting fundamental principles and current innovations within
a coherent, academically structured framework.

CT plays a pivotal role across a wide range of clinical disciplines, including emer-
gency medicine, oncology, cardiovascular imaging, and interventional planning. Its
rapid acquisition, superior spatial resolution, and ability to characterize tissues
render it indispensable in the evaluation of acute conditions such as trauma, stroke,
pulmonary embolism, and abdominal emergencies. In oncology, CT remains central
to staging, assessment of treatment response, and long-term surveillance. At the
same time, advances in cardiac imaging have expanded its utility for coronary artery
evaluation and procedural planning. These broad applications underscore CT’s
centrality in modern patient management and highlight the need for optimized
techniques and evidence-based interpretation.

I hope that this book will serve as a reliable reference for radiologists, residents, and
all professionals engaged in medical imaging, supporting both academic study and
informed clinical practice.

Ahmet Mesrur Halefoglu, M.D. 
Department of Radiology,

Sisli Hamidiye Etfal Training and Research Hospital,
Istanbul, Turkey





Chapter 1

Introductory Chapter: Computed 
Tomography in Modern Radiology 
Practice
Ahmet Mesrur Halefoglu

1. Introduction

Computed tomography (CT) is an imaging modality that produces cross- 
sectional images of the human body via X-rays. Its first clinical use started in the 
early 1970s after being developed by Godfrey Hounsfield [1]. It has since become 
one of the most essential imaging tools, with various clinical applications 
including emergency trauma cases, neurology, cardiology, and oncology fields. 
CT has important advantages in terms of providing high-resolution, detailed 
anatomical images in short time periods [2]. The main advantage of CT over 
plain film radiography is its ability to generate cross-sectional axial plane images 
and also to produce reconstructed images in sagittal and coronal planes, thus 
providing good-quality multiplanar body images.

2. Technical features

The basic principle of CT is based on the measurement of X-ray attenuation
of tissues. The collected data obtained from the attenuation values of the 
examined body region are processed by a computer system, and thus, axial 
plane cross-sectional images are created. These images can also be 
reconstructed in sagittal and coronal planes, and even in three-dimensional 
(3D) format [2]. The CT system consists of a gantry, which may be in a ring or 
cylinder fashion, into which a patient is placed. The X-ray tube and X-ray 
detector spin rapidly in the gantry as the patient is moved in and out of the 
gantry. Multi-detector CT (MDCT) scanners provide more rapid image 
acquisition and better image spatial resolution compared to those of single-slice 
CT systems [3]. Computer software is used for image processing, volumetric 
reconstruction, and 3D modeling [2]. The image quality depends on several 
parameters, including tube voltage (kVp), tube current (mA), slice thickness, 
pixel resolution, and matrix size. Besides, the use of orally or intravenously 
administered contrast agents enhances tissue differentiation, but motion 
artifacts due to patient movement or respiration can cause image 
degradation [2, 3].
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3. Clinical applications

CT has a wide spectrum of clinical applications. In the neurology field, it is crucial 
to get a rapid assessment of head trauma, hemorrhage, stroke, and also the 
evaluation of brain tumors and vascular malformations [4]. In the thorax, it provides 
a comprehensive evaluation of mediastinal lesions, pulmonary nodules and masses, 
and pulmonary embolism [5]. In the abdomen and pelvis, it reveals pathologies of the 
liver, pancreas, spleen, kidney, adrenal glands, gallbladder, and urinary bladder, and 
can also be used for trauma evaluation [2]. In orthopedics, bone fractures, joint, and 
soft tissue pathologies can be demonstrated. In the oncology field, CT has a crucial 
role and enables tumor detection, localization, staging, treatment planning, and 
follow-up [2, 4]. In the cardiology field, coronary artery CT angiography provides 
a noninvasive evaluation of coronary arteries [4]. The CT has diverse clinical 
indications, especially when rapid, high-quality images are necessary. It provides 
rapid diagnosis in emergency situations like stroke, trauma, internal bleeding, and 
obstruction [4]. It is also valuable in the detection of suspected tumors or metastases 
and the evaluation of bone, soft tissue, and joint injuries. It also has diagnostic 
capability in lung diseases like pneumonia and pulmonary embolism. CT plays an 
important role in the diagnosis of abdominal and pelvic diseases like cirrhosis, 
pancreatitis, stones, inflammatory bowel disease, and pelvic disease. It can also be 
used for noninvasive coronary artery disease evaluation by coronary CT 
angiography [4].

4. Limitations and disadvantages

Despite its invaluable diagnostic value, CT has some limitations. One of the main 
concerns is radiation exposure, which leads to significant cumulative radiation in the 
general population [5, 6]. Therefore, it should be carefully performed, especially in 
children and young adult patients. Another limitation of CT is the possible risk 
associated with contrast agents, which can lead to allergic reactions, including 
anaphylaxis and nephrotoxicity [2].

Soft tissue limitation is another issue, and MRI has superiority compared to CT in 
terms of soft tissue contrast resolution.

Motion artifacts due to patient breathing and movement can cause image 
degradation. Finally, cost-effectiveness is a limitation because advanced CT 
techniques, like CT angiography, MDCT, and 3D reconstructions, may be too 
expensive [3]. CT is improving its diagnostic performance depending on ongoing 
technological advances. Low-dose CT protocols aim to reduce radiation exposure 
while providing good-quality images [4]. Artificial intelligence (AI) and deep 
learning algorithms are increasingly being integrated into CT systems and enable 
automated lesion detection and diagnostic support that enhance diagnostic 
performance. Functional CT techniques allow quantitative assessment of tissue 
perfusion and vascular dynamics. Hybrid imaging systems, such as positron emission 
tomography (PET)/CT, combine anatomical and metabolic information and 
improve diagnostic accuracy [2, 4].
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5. Conclusion

In conclusion, CT is an excellent imaging modality that provides high spatial 
resolution and detailed anatomical images in a short scanning time. It is a highly 
accurate and reliable imaging modality and should be used appropriately in 
necessary conditions. However, radiation exposure and contrast agent-related risks 
must always be considered. CT protocols should always be consistent with the 
ALARA principle (As Low As Reasonably Achievable) [5, 6].
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Chapter 2

Patient Preparation for Computed 
Tomography
Khayyal Mohammed

Abstract

Proper patient preparation is essential for a safe and accurate computed 
tomography (CT) scan. Most practices require special preparation for non-emergency 
scans. Some special situations may require additional steps for preparation. This 
chapter will discuss different aspects of patient preparation for CT scan. These include 
patient education, dietary restriction, medication management, vascular access, 
positioning and shielding. In addition to that, there are several special situations that 
require additional preparatory considerations before CT scan. One of these special 
situations is performing CT coronary angiography. This special type of scan requeires 
heart rate control and administration of medications to cause coronary vasodilatation. 
Administration of iodinated contrast media is very frequently required with CT scans. 
This requires establishment of vascular access. Prior history of allergy to iodinated 
contrast media also requires special care. Special care also should be practiced in cases 
of kidney disease, thyroid disease, pregnant ladies and pediatric population. Patients at 
high risk of contrast inducedacute kidney injury require active preparation to lower the 
posiibility of development of such serious complication.

Keywords: patient preparation, pre-scan, medication, allergy, contrast-induced 
nephropathy

1. Introduction

Computed tomography (CT) is a widely used imaging modality. It is used in a wide
range of medical conditions. While many types of CT scans can be readily done 
without special preparation, many CT scans require special preparations for safe and 
sound imaging results. In this chapter, we will cover patient preparation for CT scans.

2. Patient education and informed consent

Informed consent should be obtained from the patient or their legal guardian after 
a clear explanation of the procedure, its indications, and hazards. The preparation of 
printed leaflets explaining these aspects saves time and effort for the staff. Additionally, 
providing video clips with clear and suitable language to answer frequently asked 
questions is of great value and improves patient satisfaction [1]. Many institutions allow 
verbal consent for radiologic procedures involving contrast administration [2]. Due to 
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the diversity in laws and policies regarding this issue, it is essential to review the laws of 
your locality, local guidelines, and departmental or hospital policies [3].

3. Dietary restrictions and fasting requirements

Most practices require a minimum duration of fasting for four to six hours before 
contrast-enhanced CT scans. This is historically claimed to reduce the risk of nausea 
and vomiting, with subsequent possible aspiration. Prolonged fasting is not just a cause 
of patient discomfort but also carries the risk of hypoglycemia in diabetic patients [3]. 
However, a study published in 2012 showed that the risk of aspiration does not 
increase with the ingestion of clear fluids before contrast-enhanced CT scans [4]. 
Another study confirmed similar findings in cancer patients in 2018 [5]. The necessity 
and rationality of fasting are increasingly questioned by clinical and radiology 
departments. Preparatory fasting may still give practitioners and policymakers a sense 
of security, even if false [6]. According to the recommendations of the American 
College of Radiology (ACR), preparatory fasting is not routinely recommended for 
non-gastrointestinal contrast-enhanced CT scans [3]. Fasting is still required if the CT 
scan requires sedation. The recommended fasting duration is two hours for clear 
fluids, six hours for a light meal, and eight hours for high-fat solids [7].

Caffeine may interfere with efforts to control heart rate before a cardiac CT scan 
or CT coronary angiography. Therefore, it is recommended to avoid caffeinated 
beverages for at least 12 hours before undergoing these scans [8].

Despite the lack of evidence in the literature regarding abstinence from smoking 
before a planned CT scan, some practices advise avoiding smoking for 24 hours 
before a contrast-enhanced CT scan.

4. Medication management

Some medications may have adverse interactions with iodinated contrast or 
increase its risks. Some special scans require preparation through the administration 
of certain medications. Here, we will discuss some common examples.

4.1 Metformin

Historically, metformin was suggested to be discontinued before the 
administration of iodinated contrast for fear of contrast-induced acute kidney injury 
(CI-AKI) [9]. However, metformin was not found to increase the risk of CI-AKI, but it 
was associated with an increased incidence of lactic acidosis in patients who develop 
CI-AKI [10]. The ACR does not recommend the discontinuation of metformin before 
the intravenous administration of iodinated contrast media if the patient does not have 
AKI and the estimated glomerular filtration rate (eGFR) is 30 mL/minute or more. If 
the eGFR is <30 mL/minute or iodinated contrast is going to be administered into the 
renal artery, it is advised to withhold metformin for 48 hours before the procedure [3].

4.2 Heart rate control in CT coronary angiography

Cardiac motion represents a major challenge and source of artifacts in cases of CT 
coronary angiography. To reduce the incidence of this artifact, heart rate needs to be 
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controlled, with a target heart rate of 60 beats per minute (bpm). The first line of 
medications for controlling heart rate is oral beta-blockers, supplemented with IV beta- 
blockers at the time of the scan if the target heart rate is not achieved by oral beta- 
blockers. Patients with active bronchial asthma cannot tolerate beta-blockers, and other 
alternatives should be administered [11]. Be aware that beta-blockers may lower the 
threshold for contrast reactions. Additionally, they may blunt the effect of epinephrine 
in cases of anaphylaxis. However, due to the low incidence of anaphylaxis, beta-blockers 
can be given, which need not be stopped for any contrast-enhanced scan [3].

Ivabradine acts directly on the sinoatrial node by inhibition of the If current. Its 
use is recommended when beta-blockers cannot be used or cannot achieve heart rate 
control alone. However, oral administration of ivabradine must be started five days 
before the planned procedure to allow the effect of the drug to take place. 
Intravenous ivabradine can be used, but it is not widely available. Additionally, 
ivabradine cannot be used in cases of atrial fibrillation [8].

Non-dihydropyridine calcium channel blockers (verapamil and diltiazem) were 
attempted to be used for heart rate control during CT coronary angiography, but the 
results were not satisfactory. Their use for this purpose should be limited to cases 
where other agents have failed or are contraindicated [12].

4.3 Nephroprotective drugs

Prophylaxis for renal toxicity of contrast agents should be considered for patients 
with AKI or severe chronic kidney disease with an eGFR less than 30 mL/min/1.73 m2 

[3]. Hydration by infusion of intravenous normal saline is the only preventive measure 
that has shown a significant reduction in the nephrotoxic effects of iodinated contrast 
media in at-risk populations. Two different protocols can be used for intravenous 
hydration. The long protocol uses an intravenous infusion of 1 mL/kg 0.9% NaCl for 12 
hours before the planned contrast-enhanced CT and continues for 12 hours after the 
procedure. The short protocol uses an infusion of 3–4 mL/kg 0.9% NaCl for four hours 
before and four hours after the planned procedure. Caution should be taken in cases 
with cardiovascular disease to monitor for signs and symptoms of lung congestion [13, 
14]. A meta-analysis of six studies showed that oral hydration is not inferior to 
intravenous hydration in the prevention of contrast-induced nephropathy [15]. 
However, oral hydration has not yet been evaluated in high-risk patients [16]. The 
ENRICH trial is addressing this issue, but it is still in the recruitment phase [17].

N-acetylcysteine was historically used to reduce the risk of contrast-induced 
nephropathy [18, 19]. Pre-procedural administration of N-acetylcysteine did not 
show a reduction in the risk of CI-AKI [20].

Historically, several other drugs were suggested for renal prophylaxis against 
nephrotoxicity, for example, theophylline, sodium bicarbonate, prostaglandin E1, 
ascorbic acid, allopurinol, alpha-tocopherol, fenoldopam, and trimetazidine. No 
trials have shown clinical benefits of any of these medications, and the use of these 
medications is not recommended [21].

Also, prophylactic hemodialysis did not prevent CI-AKI after exposure to 
iodinated contrast media in at-risk patients [22].

4.4 Nephrotoxic drugs

It was advised that nephrotoxic drugs such as non-steroidal anti-inflammatory 
drugs (NSAIDs), aminoglycosides, vancomycin, and amphotericin B be withheld 
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before the administration of iodinated contrast agents [18]. However, no specific 
recommendations were provided to stop these medications in the guidelines of the 
ACR or the Canadian Association of Radiologists [3, 21].

4.5 Allergic reaction prophylaxis

Incidence of allergic reactions to iodinated contrast media is estimated to be 0.6% for 
all reactions and about 0.04% for severe reactions. The risk of allergic reactions related 
to contrast media is higher in females and in the middle-aged population as compared 
with other population classes. Patients with previous non-contrast-related allergic 
reactions are at a two- to threefold increased risk of allergic reactions to contrast. 
Patients with prior contrast-related allergic reactions are at the greatest risk for 
recurrent allergic reactions if exposed to the same class of contrast media. Patients with 
bronchial asthma are more prone to allergic reactions that usually manifest with 
bronchospasm.

Patients with severe cardiovascular disease, such as severe aortic stenosis or 
advanced heart failure, do not exhibit an increased risk of allergic reactions per se but 
typically experience severe hemodynamic consequences if allergic reactions occur. 
This increased vulnerability usually manifests as more profound hypotension and 
pulmonary congestion. Additionally, if patients on beta-blockers develop 
anaphylaxis, their response to injected epinephrine can be blunted [3].

Intradermal skin testing before the administration of contrast media has not been 
shown to be useful [23]. The premedication protocol has demonstrated benefits in 
reducing the incidence and severity of allergic-like reactions related to contrast 
media. However, premedication does not guarantee the prevention of severe allergic 
reactions, and the team must be prepared to manage such reactions if they occur. 
Premedication is only indicated for patients with a previous allergic reaction to 
iodinated contrast media. Patients with other allergies, such as allergies to shell-fish 
or povidone-iodine, are not indicated for premedication.

The preferred premedication protocol is by oral administration of 50 mg of 
oral prednisone at 13, 7, and 1 hour(s) before the planned procedure, with 50 mg of 
oral diphenhydramine 1 hour before the procedure. An accelerated intravenous 
protocol can be used as an alternative by administration of 50 mg intravenous (IV) 
diphenhydramine 1 hour before the scan and either 200 mg of IV hydrocortisone or 
40 mg IV methylprednisolone 4 − 5 hours before the scan [3, 24, 25].

5. Vascular access

For the injection of contrast agents, vascular access must be established. The vascular 
access may vary according to the type of scan required. Usually, peripheral intravenous 
access is achieved using a flexible plastic cannula. The use of metal needles should be 
avoided. The preferred site of injection is the antecubital or a large forearm vein. A 22- 
gauge catheter can tolerate flow rates up to 5 mL/s; however, a larger-sized catheter is 
preferred. The use of power injectors is generally recommended. Careful preparation of 
the power injector device is mandatory to avoid air embolism and extravasation [3]. The 
risk of extravasation is lowest if an upper arm vein is used for injection compared with 
other locations [26]. The use of external jugular veins for the administration of contrast 
media is not recommended due to the high risk of extravasation [27].
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In general, a central venous catheter can be used for the administration of 
contrast media, but the assumption that power injection can be performed in all 
central venous catheters should not be made. For a central line to be used for power 
injection of contrast media, it must be tested to withstand a pressure of 300 psi or 
greater [3, 27]. Before the use of a central venous catheter for contrast 
administration, the back flow of blood should be tested, as well as the resistance to 
saline injection. If abnormally high resistance is found, alternative access should be 
established.

If the establishment of intravenous access is not possible, intra-osseous injection 
can be used. However, the injection rate and pressure settings have not been widely 
studied [3].

6. Patient exposure, positioning and shielding

Although most CT scans can be done without the need for special clothing for the 
patient, many institutions still require the patient to change into special garments 
like hospital gowns. A balance between patient comfort, dignity, safety, and scan 
quality must be achieved. Metallic objects (like jewelry and zippers) must be avoided 
in the scan field. Clothing must not interfere with proper positioning, alignment, and 
access to the IV line for contrast administration [28].

Optimal positioning for CT scans should guarantee patient safety and comfort, as 
well as the best image quality. Most CT scans are done in the supine position. The 
patient must be positioned in the center of the gantry for the best image quality and 
reduced radiation exposure. The use of support or immobilization devices is essential 
to maintain patient comfort and avoid motion artifacts [29].

In cases of head CT, the head is kept in a neutral position with anatomical 
landmarks aligned parallel to the scanning plane. The aim is to achieve image 
symmetry to facilitate interpretation. In cases of CT chest or cardiac CT, the arms are 
placed above the head to keep them away from the scan field and to avoid beam 
hardening artifacts [30]. In cases of CT abdomen and pelvis, the patient usually lies 
supine with knees supported for comfort. Artificial intelligence-based patient 
positioning was more accurate in computed tomography of kidneys, ureters and 
bladder (KUB CT), resulting in less radiation exposure and better image quality [31].

Use of radioprotective material (usually lead or bismuth) for shielding to protect 
superficial radiosensitive organs may be considered. The most commonly shielded 
organs are the gonads, breasts, thyroid, and eyes [32, 33, 34]. However, shielding has 
some disadvantages. It may result in a reduction in image quality. Also, it may result 
in an increase in the total dose of patient radiation, especially if the tube current 
modulation function is used [35].

7. Special situations

7.1 Claustrophobia and anxiety

Patient anxiety and claustrophobia are well-known problems faced during 
magnetic resonance imaging (MRI). CT is usually thought of as an alternative to MRI 
in such cases. However, claustrophobia is still a serious problem in CT scans, despite 
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being less frequent than it is in MRI. Claustrophobia can result in patient restlessness 
and motion artifacts, with subsequent degradation of image quality. Anxiety is more 
common in females, older patients, and in patients without prior CT scans [36, 37]. 
Additionally, anxiety may increase heart rate and affect the quality of CT coronary 
angiography [38]. Patient education has been helpful in reducing anxiety scores and 
improving patient satisfaction during CT scans [39]. Benzodiazepines can be 
administered prior to the test to alleviate anxiety in cumbersome cases [38].

7.2 Pediatric patients

Careful patient assessment before a CT scan is of utmost importance in pediatric 
patients. The proper indication for a CT scan must be reviewed. Due to higher 
lifelong radiation exposure in pediatric patients, CT scans are better avoided if 
a reasonable alternative, like MRI, is available. In cases where a CT scan is the only 
option, the use of radiation reduction protocols must be emphasized. Careful pre- 
scan assessment is also required regarding patient cooperation and the possible need 
for sedation [40]. The use of a fast scan protocol can eliminate the need for 
anesthesia while preserving the quality of CT scans [41].

If the injection of contrast media is needed, an intravenous line should be inserted 
before the patient arrives at the radiology department to reduce patient agitation at 
the scanner [40]. Proper patient positioning at the isocenter of the gantry helps to 
achieve better image quality as well as reduces the radiation dose. The use of laser 
beams on the scanner is most useful in this regard [42].

7.3 Pregnancy and breast feeding

Elective CT scans are generally avoided during pregnancy due to the risks of 
radiation exposure to the fetus. However, the increasing utilization of CT scans in 
emergency settings has raised the issue of the use of CT scans in pregnant women. In 
general, most practitioners try to avoid CT scans during pregnancy and replace them 
with ultrasound scans or magnetic resonance imaging. However, a CT scan may 
remain the only or the last resort in some cases [43].

Routine screening for pregnancy is routinely conducted in many institutions 
before exposure to any procedure involving ionizing radiation. However, the ACR 
only requires screening for pregnancy in scans involving the region of the abdomen 
and pelvis, as well as nuclear scans. Screening for pregnancy includes history-taking 
as well as blood tests for beta-hCG levels, if necessary [44].

When the fetus is out of the field of view, the radiation dose received by the fetus 
is negligible. For example, the fetal radiation dose in a CT chest is 0.2 mGy or less, 
depending on the trimester. Routine CT of the abdomen and pelvis results in fetal 
radiation exposure of 25 mGy. With recently modified protocols for lowering fetal 
radiation exposure, CT of the abdomen and pelvis can be done with fetal exposure of 
10–11 mGy. Shielding of the gravid uterus has shown little or no benefit in the 
reduction of fetal exposure to radiation [45].

Pregnancy outcome is not affected if maternal exposure to radiation is less 
than 500 mGy during pregnancy. However, a fetal radiation dose of 100 mGy 
results in a 0.1% increase in the risk of childhood cancer. The application of the As 
Low As Reasonably Achievable (ALARA) principle is most stressed in these 
situations [43].
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Iodinated contrast media are known to cross the blood–placental barrier. 
A concern about neonatal affection of thyroid function was raised after exposure to 
iodinated contrast media, but studies have shown no effect on neonatal thyroid- 
stimulating hormone. No specific screening for pregnancy is indicated before the 
administration of iodinated contrast media. Most iodinated contrast media are 
classified as pregnancy category B by the FDA [3].

Absorption of iodinated contrast media from an infant’s intestine is very low. So, 
there is no need to stop breast-feeding for lactating mothers who receive iodinated 
contrast media [3].

7.4 Implanted devices

The incidence of patients with implanted devices is increasing in the current era. 
Although it is generally safe to perform CT scans in most of these patients without 
specific preparations, certain situations can arise with such patients. In cases 
involving permanent cardiac pacemakers, exposure of the device to CT radiation 
results in increased sensing by the device. This may lead to temporary pacemaker 
malfunction. However, due to the short duration of most CT scans, this usually does 
not have a clinical impact on the patient [46]. If a patient with a cardiac pacemaker is 
undergoing CT coronary angiography, the pacemaker must be programmed to a set 
rate lower than 65 bpm before the scan. If the intrinsic patient rate is higher than 
that, the administration of beta-blockers is advised. It is worth mentioning that 
pacemaker and ICD leads result in significant artifacts in CT coronary 
angiography [47].

CT scans, in the presence of implanted devices such as neurostimulators, cochlear 
implants, and drug delivery pumps, are considered safe and require no specific 
precautions or preparations [48–50].

7.5 Thyroid disease

Administration of iodinated contrast media may potentiate thyrotoxicosis in 
known thyrotoxic patients. Thus, administration of iodinated contrast media should 
be avoided in acute thyrotoxicosis to prevent thyroid storm [51]. Additionally, 
iodinated contrast media should not be administered to patients with planned 
radioactive iodine administration for imaging or therapeutic purposes. If iodinated 
contrast media is administered in such patients, a wash-out period must be observed 
before the administration of radioactive iodine. The wash-out period should be three 
to four weeks for patients with hyperthyroidism and six weeks for hypothyroid 
patients [52].

7.6 Myasthenia gravis

Myasthenia gravis was considered a relative contraindication to the 
administration of iodinated intravenous contrast. A retrospective study showed 
delayed exacerbation of myasthenic symptoms in 6% of patients after exposure to 
iodinated contrast media [53]. However, given that the evidence comes only from 
a single retrospective study, no clear recommendations have been issued regarding 
this concern yet [3].
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Chapter 3

The Horizons of Computed 
Tomography
Mahnoor Hafeez and Javerya Sattar

Abstract

Computed Tomography (CT) – the Nobel Prize modality has revolutionized the 
healthcare industry for adequate patient management and outcomes. Thanks to Sir 
Godfrey Hounsfield for the wonderful invention! From a technical perspective, the 
modality focuses on the differential attenuation of body contents; because of its 
excellent spatial and contrast resolution, each and every body part can be imaged 
from “head to Toe”. Compared to MRI, it has a shorter scan time and limited artifacts. 
It is an essential need of each hospital's radiology department, with referrals from 
A&E, stroke, ENT, neurology, trauma unit, medicine, surgery, gynecology, 
pediatrics, oncology, pulmonology, urology, and forensic medicine. CT not only has 
a role in diagnostics and triage of patients but is also a cornerstone in guided 
procedures and intervention. PET-CT is a new technological advancement in nuclear 
medicine. CT has opened new doors for radiologists’ employment, including tele- 
radiology and worldwide machine equipment trading. CT has brought innovation in 
medical education via virtual dissection. Because of the ionizing radiation and 
cancer-related concerns, imaging appropriateness should be considered.

Keywords: CT, PET-CT, attenuation, Hounsfield, virtual dissection, appropriateness

1. Introduction

CT is a cross-sectional imaging modality based on X-rays, i.e., ionizing radiation. Its
key role in guiding clinical decisions and saving patients’ lives is worth mentioning! 
It has been the work horse in hospitals—a game changer in the diagnostic world since 
its invention in 1973! The CT scan creates a roadmap and GPS for a surgeon in 
operative procedures. It also helps in the assessment of post-operative, post-chemo – 
radiotherapy complications, as well as recurrent and residual neoplastic disease. In this 
chapter, insights, scope, CT hazards and concerns, practical concepts, latest 
advancements, and the authors’ experience related to the modality are presented.

2. Physics, dosimetry, techniques and CT protocols

CT has an excellent ability to characterize the three states of matter, i.e., air, solid,
and liquid, and to further sub-characterize solid tissues based upon attenuation. 
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The human eye can appreciate 32 shades of gray subjectively. Tissues can be further 
characterized based upon attenuation quantitatively on an attenuation scale ranging 
from +3,000 to −1,000 Hounsfield units (HU) (for example: air [−300], fat [−70 to  
−200], fluid [0 to 20], gray matter [40], white matter [45], muscle [50], bone 
[1000], and metal [3000]) [1, 2]. CT can diagnose calcification, hemorrhage, wood, 
glass, metal, foreign body/gossypiboma based on HU values.

There has been a transition from step-and-shoot CT to helical (single slice) to 
MDCT 16 up to −256 slice scanners [2]. Of the four generations of CT, most of the 
scanners are of the 3rd-gen rotate-rotate type, thanks to slip-ring technology for 
simultaneous X-ray tube and detector array rotation in a gantry.

Spatial ability is the ability to separate two lines in an image to see fine details, and 
in CT, it is limited to 20 lines/cm, while contrast resolution is the ability to distinguish 
soft tissue structures regardless of shape or size. Image acquisition parameters vary 
according to the type of study; i.e., mAs, field of view (FOV), pitch, matrix size, and 
slice thickness are different for high-resolution CT versus other CT studies. The image 
is displayed via filtered back projection, which compensates for blurring inherent in 
back projection, and iterative reconstruction, which solves the noise issue [3]. 
Technical parameters include MPR, maximum intensity projection, and volume 
rendering [4]. Modern CT scanners have multiple slices, up to 256, with the shortest 
scan times, and images can be viewed in bone, lung, and soft tissue windows, etc. CT 
protocols differ based on the region of interest, such as CTPA – Pulmonary Embolism 
Protocol, to multi-phase CT abdominal scanning, where IV contrast is delivered in 
multiple phases (bi-/triphasic/adrenal nodule protocol) or when imaging is performed 
as a single-pass acquisition (Combi Scan/Split Bolus technique). Contrast can also be 
administered per oral or per rectal, depending upon the need.

CT artifacts are categorized into physics-based, patient-based, and hardware- 
based types depending upon their etiology, including motion, metal (streak), photon 
starvation, cone beam, partial volume, and detector ring artifacts [4]. Numerous 
solutions exist to overcome these issues. For example, a bow tie filter is used in head 
and body imaging to homogenize the projected fan beam and eliminate fan beam 
artifacts. CT dosimetry parameters include Dose Length Product (DLP) measured 
in mGy·cm, Effective Dose (mSv), and CTDI volume (mGy). In one quality 
assurance research project, the Effective Dose of a CT KUB scan on 16 and 128-slice 
scanners was found to be under 10 mSv,-consistent with ACR recommendations [5].

3. Neuroimaging and stroke

CT scan is the primary tool for assessing intracranial haemorrhage, ischemic 
stroke, and altered consciousness levels, primarily due to its speed, widespread 
availability, and cost-effectiveness in emergency situations [6, 7, 8].

Immediate use of CT highlights the critical “time is brain” principle, which 
warrants emergent reperfusion therapies for ischemic stroke, particularly 
intravenous (IV) thrombolysis with tissue plasminogen activator (tPA) and, more 
recently, mechanical thrombectomy [9, 10]. Furthermore, CT allows the monitoring 
of treatment and further management [6].

The most immediate and critical question in acute stroke is whether it is ischemic 
or hemorrhagic. Intravenous thrombolysis is contraindicated in hemorrhagic stroke 
due to the risk of exacerbating bleeding and causing severe harm. Non-contrast head 
CT (NCCT) is highly sensitive for acute blood, which appears hyper dense (bright). 
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This rapid exclusion of hemorrhage allows clinicians to quickly determine if 
thrombolytic therapy can be considered, thus preventing delays that could 
jeopardize patient outcomes. [11]

NCCT can be performed within minutes of a patient's arrival at the emergency 
department (ED). Guidelines emphasize minimizing the “door-to–CT” time, 
typically targeting 20–25 minutes from ED arrival to CT scan initiation [12].

Early ischemic signs on NCCT are hyper dense artery sign, decreased gray-white 
matter differentiation, cytotoxic edema (due to breakdown of the blood-brain 
barrier, manifested as hypodensity) (Figure 1), and mass effect [13].

Alberta Stroke Program Early CT Score (ASPECTS) is a quantitative imaging tool 
with a 10-point validated grading system designed to quantify ischemic changes in 
the middle cerebral artery (MCA) territory on NCCT. The 10 zones include the 
caudate nucleus, lentiform nucleus, internal capsule, insular cortex, and six MCA 
territory cortices: the initial three at, and the later three above the level of the basal 
ganglia. It has been employed as a surrogate marker for infarct size, with a score of 
7 commonly used as the threshold for thrombolysis [14]. A low ASPECTS score 
suggests a larger ischemic core and is unlikely to achieve a good outcome [14].

Vascular imaging, including CT angiography (CTA) and CT perfusion (CTP), is 
considered for further assessment in stroke patients. CTA allows detailed 
visualization of the cerebrovascular anatomy and pathology (Figure 2) i.e., large 
vessel occlusion, direct visualization of the thrombus, localization of the site of the 
occlusion, and collateral circulation [6], and aids in possible endovascular 
intervention in patients with acute ischemic stroke.

CT perfusion is a dynamic imaging technique that measures brain hemodynamics 
and provides quantitative maps of cerebral blood flow (CBF), cerebral blood volume 
(CBV), and mean transit time (MTT) or time to peak (TTP). Therefore, CTP allows 
the physiological assessment for the derivation of the ischemic core (irreversibly 
damaged tissue) and the ischemic penumbra (hypo-perfused, ischemic but 

Figure 1. 
CT brain axial section (soft tissue window-Left and stroke window-Rgiht): Right middle cerebral artery ischemic 
infarct is depicted by hypo attenuation and loss of the gray-white matter differentiation (cerebral edema) in the 
right fronto-temporal region.
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salvageable tissue) and facilitates the calculation of the mismatch volume. CTP 
identifies the tissue at risk that can be salvaged, i.e., the ischemic penumbra.

Nevertheless, a radiologist must recognize stroke mimics to avoid misdiagnosis. 
The most common stroke mimics on CT imaging are seizure (postictal state presented 
as focal cortical swelling/subtle hypodensity), hypoglycemic state (diffuse low-density 
in the cortex or basal ganglia), space-occupying lesion (heterogeneous density with 
mass effect, with or without calcification), encephalitis (mostly hypodensities in the 
temporal lobes), subdural hematoma, and toxic or metabolic encephalopathy (diffuse 
cerebral edema with loss of gray-white matter differentiation). If CT appears 
inconclusive, an MRI of the brain is necessary.

4. Petrous temporal bone

It is the most complex part of human anatomy. High-resolution CT (HRCT) of 
the petrous temporal bone is the investigation of choice. External ear anomalies 
include microtia, meatal atresia, atretic plate, and usually co-exist with Temporo- 
mandibular joint dysfunction and middle ear anomalies (hypoplastic ossicles) [15]. 
Syndromes associated with it are hemifacial microsomia, Treacher-Collins 
syndrome (branchial apparatus anomaly), and Goldenhar-Gorlin syndrome 
(facio-auriculo-vertebral dysplasia). Congenital vascular masses include aberrant 
ICA and high-riding jugular bulb. Inner ear anomalies include Michel anomaly (total 
aplasia), Mondini anomaly, otocyst, and absent semicircular canals. HRCT is also 
recommended for the pre-operative assessment of cochlear implant insertion. 
Absence of the basal turn of the cochlea precludes surgery for cochlear implant.

Acquired pathologies include acute otitis media (OM), which can lead to 
tympanic membrane perforation, chronic suppurative otitis media (CSOM), and 
coalescent mastoiditis – a radiological diagnosis indicated by cell wall breakdown 
(muco-periosteal inflammation). Its further complications include Bezold's abscess 
(sternocleidomastoid), Citelli's abscess (posterior digastric triangle) via erosion of 
the medial mastoid cortex, internal jugular vein (IJV) thrombosis, skull base 
osteomyelitis, petrous apicitis, and Gradenigo syndrome. CSOM has two types: tubo- 
tympanic (safe) and attico-antral (dangerous), which can lead to ossicular 

Figure 2. 
Saccular aneurysm of the A1 segment of the left anterior cerebral artery.
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disruption and facial nerve dehiscence, cerebrospinal fluid (CSF) fistula (lateral 
semi-circular canal erosion), cholesteatoma, labyrinthitis, intracranial abscess, and 
dural venous sinus thrombosis.

Cholesteatoma (keratinized stratified squamous epithelial mass) can be divided 
into pars flaccida/pars tensa type and congenital/acquired etiology. It can be 
differentiated from CSOM via mass effect (expansion of aditus), anti-dependent 
(attic) location, and lack of fluid level (Figure 3). Malignant otitis externa can be 
difficult to differentiate from squamous cell carcinoma of the external auditory 
canal, as both present with a discharging ear, nerve palsies, and have the same 
radiologic presentation [16]. Histopathology is the gold standard in such cases.

Glomus tumor presents as a pulsatile vascular mass visible through the tympanic 
membrane and can be classified as Glomus tympanicum or jugulo-tympanicum with 
intracranial or cervical extension. For its evaluation and to determine its extent, 
contrast-enhanced CT or MRI is necessary. Trauma can be divided into longitudinal 
or transverse fractures in relation to the axis of the petrous temporal bone. Important 
facts to report include ossicular dislocation, facial canal dehiscence, and mastoid or 
tegmen tympani fractures.

5. CT paranasal sinuses, face and musculoskeletal system

As per ACR appropriateness criteria, CT PNS is recommended for the 
evaluation of acute complicated sinusitis, chronic rhino-sinusitis, and to diagnose 
intra-cranial and intra-orbital complications. It is useful for diagnosing fungal 
sinusitis because of its metallic contents. It is also useful for diagnosing PNS 
variants (e.g., Haller cells, agger nasi, optic nerve variants), pre and post-FESS 
assessment, and suspected CSF leak [17, 18]. Chronic rhino-sinusitis has five 
distinct patterns, i.e., infundibular pattern – (obstruction of the maxillary 
infundibulum resulting in isolated maxillary sinusitis), osteomeatal unit pattern – 
(middle meatal obstruction results in maxillary, anterior ethmoid, and frontal 
sinusitis), spheno-ethmoid recess pattern – (obstruction results in posterior 
ethmoid and sphenoid sinusitis), sino-nasal polyposis pattern (sino-nasal polyps, 
with opacification of various sinuses), and sporadic/unclassifiable pattern, which 
includes retention cysts and mucoceles [19].

Figure 3. 
Sagittal HRCT temporal bone shows cholesteatoma with scutum and ossicular erosion (left) and CSOM (left).
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CT scan of the face with 3D reformatting is used to evaluate craniofacial 
anomalies, including cleft lip and palate (Figure 4), and hemifacial microsomia; its 
types and severity are assessed according to the OMENS (orbit, mandible, ear, nerve, 
soft tissues) classification [20, 21, 22].

CT scan is also indicated for post-operative spine assessment for the positioning 
of prosthesis and the etiology of scoliosis, e.g., vertebral segmentation anomalies. It 
is also useful to assess cartilaginous tumors and osteoid osteoma.

6. CT in cardiovascular imaging

Although cardiac MRI is the gold standard modality for cardiac anomalies, ECG- 
gated cardiac CT is indicated for the evaluation of cardiovascular anomalies and 
cardiac masses. CT Coronary Angiography indicates vessel stenosis 

Figure 4. 
CT face of a 25 years old female with Gorlin-Goltz, i.e., Left sided cleft palate, odontogenic keratocysts, 
hypertelorism with increased inter orbital, and dural calcification.
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(hemodynamically significant vs. insignificant; mild, moderate, or severe), and post- 
CABG is useful for assessing vessel patency (Figure 5). NICE has recommended it as 
1st line test for chronic stable chest pain of suspected cardiac origin. Its advanced 
uses include cardiac fractional flow reserve (FFR), trans-catheter aortic valve 
implantation (TAVI) measurements, and delayed CT left atrial appendage thrombus 
exclusion for ablation in atrial fibrillation (100% NPV) [23, 24].

It has a few advantages over cardiac MRI, i.e., it is quick and safe, and it has no MR 
safety issues (pacemakers, drip stands, and oxygen cylinders). MRI is limited by artifacts, 
including cardiac motion, breath-hold, motion blooming artifacts, etc. On the other 
hand, Non ECG-gated cardiac CT (NEGCT) can assess cardiac chamber sizes accurately 
(Figure 6) as well as aortic diseases, e.g., aneurysm and dissection. Plain CT chest can 
raise suspicion of anemia via chambers’ blood attenuation measurements [25–30].

7. CT angiography (CTA) and transplant imaging

CTA is considered a workhorse for diagnosing vascular emergencies. It can evaluate 
active bleeds and arterial disruption, either thrombus or occlusion, dissections, dural 
arteriovenous fistula, aneurysm, pseudo aneurysm, graft tear/infections [31]. CT 
pulmonary angiography evaluates pulmonary thromboembolism/infarct.

CT remains the cornerstone of transplant medicine. It plays an integral role in 
both pre-transplant donor and post-transplant recipient assessment for 

Figure 5. 
CT coronary angiography of a 55 years old female with MIP, volume-rendered and source images.

Figure 6. 
(a) A 48-year-old male with a coronary calcium score of 78 shows left LAD calcification. (b) NEGCT with 
cardiac chamber size assessment.
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complications across a range of solid organ transplants, including liver, kidney, lung, 
and heart [32]. It delineates the donor's and recipient’s anatomical structures and 
provides detailed 3D visualization of vascular anatomy, enabling precise pre-surgical 
planning for organ donation. In liver transplantation, CT angiography evaluates 
hepatic vasculature, liver volume, and quantifies hepatic fat content, contributing to 
donor selection and risk assessment. Additionally, CT aids in oncological staging, 
such as hepatocellular carcinoma (HCC), to determine transplant eligibility. In renal 
transplantation, it evaluates renal vessels and identifies accessory arteries. In lung 
transplantation, it identifies airway anastomotic patency.

CT is indispensable for the early detection of postoperative complications, 
including hemorrhage, infection, abscess formation, vascular thrombosis, 
lymphoceles, and graft rejection. It can identify the recurrence of primary diseases 
and the development of post-transplant malignancies [33].

8. Whole body CT imaging [WBCT]

It refers to the cross-sectional imaging of the head, neck, chest, abdomen, and 
pelvis. Section-wise imaging is recommended for infective/inflammatory and 
neoplastic etiology. Whole-body CT scan [WB CT] is useful for polytrauma patients. 
In addition to head and neck malignancies, CT helps in differentiating cervical 
reactive vs. metastatic lymphadenopathy [34].

There are clear-cut indications for when to recommend contrast-enhanced CT 
(CECT) chest versus HRCT chest for respiratory pathologies. Clinicians do 
sometimes confuse “what to request when”. CECT chest is used for the evaluation of 
hemoptysis, staging, pleuro-pulmonary and mediastinal masses, abscesses, 
pneumonia, thoracic empyema, its etiology, trauma, post-operative cases, and 
transplant pulmonary complications, while HRCT chest is utilized for the assessment 
of tuberculosis parenchymal involvement, interstitial lung disease, pneumoconiosis, 
viral infections (e.g., COVID), airway diseases, and ABPA (Figure 7) [35]. Plain 
chest CT is ideal for differentiating giant bullae from pneumothorax, as the 

Figure 7. 
Active pulmonary tuberculosis: a patient referred from Ojha Institute of Chest Diseases who underwent HRCT 
chest shows tree-in-bud, centrilobular nodules in upper lobar distribution—implies granulomatous infection 
with mycetoma.
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management approaches for the two are different—the former requires bullectomy, 
and the latter requires chest tube insertion [36].

It has a role in the evaluation of acute pancreatitis (Figure 8), complicated 
cholecystitis, enterocolitis, peritonitis, biliary masses and strictures, hepatic 
abscesses, splenic infarction/abscess, appendicitis, diverticulitis, inflammatory 
bowel diseases, bowel wall ischemia, and gastrointestinal perforation. CECT helps to 
differentiate types of acute pancreatitis: interstitial edematous or necrotizing, and its 
complications like pancreatic pseudocyst. The CT scoring system provides 
prognostic information. CT can diagnose the transition point in bowel obstruction 
and its underlying cause.

Thin-section CECT has high accuracy for choledocholithiasis and should be 
utilized for obstructive jaundice when MRCP is not available [37, 38]. Despite the 
widespread use of ultrasound in assessing gynecological disorders, CT is also used to 
assess ovarian torsion, ovarian cysts, and pelvic inflammatory disease. A CT scan is 
also useful for evaluating pelvic inflammatory disease, its complications, obstetric 
emergencies, C-section complications, as well as pathways of extra-pelvic spread of 
pelvic disease [39, 40].

9. Role of CT in emergencies

9.1 Traumatic emergencies

CT is the preferred imaging modality for evaluating acute trauma in the 
emergency department due to its speed and accessibility [41, 42]. Due to its 
widespread availability, speed, and ability to diagnose subtle as well as significant 
injuries, a CT scan is preferably installed in the trauma bay to limit transportation 
and diagnostic time [42].

There are two main strategies for CT scanning in the emergency department. The 
first one is Whole-Body CT (WBCT) for severely injured patients, and the other is 
focused CT protocols for stable patients with a specific, localized injury.

Whole-body CT (WBCT) is a comprehensive diagnostic imaging modality 
used for hemodynamically unstable patients with major trauma to identify critical 
multisystem injuries expeditiously. This protocol typically involves an initial 

Figure 8. 
43 – year-old male with acute pancreatitis, pancreatic walled-off necrosis, sub-hepatic collections.
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non-contrast acquisition of the head and cervical spine, followed by a single-pass, 
contrast-enhanced scan of the chest, abdomen, and pelvis. To refine diagnostics, 
variations may be employed, such as split-bolus or delayed imaging techniques, 
which are optimized for specific evaluations, such as assessing urinary tract trauma 
or active hemorrhage [43, 44].

Biphasic CT is a contrast injection technique that captures images during two 
distinct phases – the arterial and portal venous – to obtain detailed information about 
both the blood supply and organ parenchymal injuries. In some trauma centers, 
a WBCT protocol may incorporate a biphasic or modified biphasic technique for the 
contrast-enhanced portion of the scan, often for the chest, abdomen, and pelvis [45].

A common variation used in trauma is a split-bolus, single-pass protocol, which 
can be described as a modified biphasic approach. This is done to reduce total 
radiation dose and imaging time while still providing detailed information for 
detecting a wide range of injuries. This protocol is typically performed after 
a preliminary non-contrast CT study of the abdomen and pelvis to rule out kidney 
stones. The procedure involves administering two separate intravenous injections of 
contrast medium (50 mL each dose) – the first bolus initiates nephrographic 
enhancement, and the second, administered after a precise delay (of 8 minutes), 
enables simultaneous visualization of the excretory phase. The single acquisition 
following the second injection effectively captures these combined phases, 
optimizing diagnostic information while prioritizing dose reduction [46, 47].

Focused CT protocols involve targeted scans for stable trauma patients to 
minimize radiation exposure, with specific imaging techniques that include non- 
contrast scans for the head and cervical spine, angiograms (CTA) for assessing major 
chest vessels, contrast-enhanced scans for abdominal and pelvic injuries, performing 
CT cystography for suspected bladder injury to differentiate intra- or extra- 
peritoneal bladder rupture, and specialized pediatric protocols adjusted for 
children’s radiation sensitivity.

MDCT using a dual-phase scanning protocol in poly trauma is the diagnostic 
modality of choice. [48] CT examination not only assists in the accurate detection of 
traumatic injuries but also categorizes patients as suitable for either radiological 
intervention management (via angio-embolization) or surgical management, thus 
being paramount in-timely bleeding control and reducing morbidity. [49]

In patients with cranio-cerebral injuries, a CT scan is performed to evaluate 
fractures, extra-axial hemorrhage including subdural, epidural (Figure 9), intra- 
ventricular or subarachnoid hemorrhage, intra parenchymal contusions or 
hematomas, or diffuse axonal shearing, but it can also diagnose secondary impacts 
such as contre-coup injury, cerebral edema, and herniation. Follow-up imaging is 
often required in patients to monitor rebleeding or assess post-intervention 
complications [50].

For the evaluation of thoraco-abdominal pelvic trauma, CT detects free intra- 
abdominal fluid and pneumothorax, thus selecting hemo-dynamically unstable 
patients presenting with severe hemo-peritoneum or pneumothorax for immediate 
intervention. MDCT has surpassed e-FAST ultrasound for the detection of visceral 
injuries [51].

The American Association for the Surgery of Trauma (AAST) has developed 
a CECT injury grading scale for abdominal parenchymal solid visceral injuries in 
order to guide management. The spleen is the most commonly affected abdominal 
organ. Most blunt liver and splenic injuries are managed non-surgically. The AAST 

Computed Tomography – An Overview

1028



injury criteria grade the severity of injury according to the size and location of 
lacerations and hematomas. Higher-grade injuries (those graded 3 and above) 
usually require surgical management. In short, dedicated clinical assessment and 
hemodynamic status, along with CT findings, determine the management plan: 
conservative management, angioembolization via interventional radiology, or 
surgery. CT scans detect traumatic injuries, including contusions, lacerations, 
hematomas, renal injury, urinary leaks, pancreatic parenchymal/ductal injuries, and 
bowel perforation [42]. On CT scans, active hemorrhage appears as a contrast blush 
sign in the viscera, which persists or grows larger on delayed imaging, in contrast to 
a pseudo-aneurysm or AV fistula, where contrast washes out on delayed-phase 
images.

Hollow viscus and mesenteric injuries with blunt abdominal trauma can be 
subtle, but their identification is crucial in order to reduce morbidity and mortality 
secondary to peritonitis and sepsis. Transection or focal discontinuity in the bowel 
wall, pneumo-peritoneum, and adjacent free peritoneal fluid are considered the most 
specific signs of bowel injury. Other, less specific signs include abnormal bowel wall 
enhancement, focal wall thickening, and mesenteric fat stranding. Active 
extravasation from a mesenteric vessel is the most specific sign of mesenteric injury, 
mesenteric hematoma, or abrupt cutoff/beading of any mesenteric vessel.

Hypoperfusion complex (a combination of hyper enhancement of the bowel and 
diffuse wall thickening) is seen in both direct bowel injury as well as in trauma 
patients with persistent hypovolemia despite IV fluid resuscitation [52].

CT scan helps in assessing the hemo peritoneum [fluid with Hounsfield 
attenuation values ranging between 20–45 HU] as well as localizing the source of 
hemorrhage using the sentinel clot sign [high attenuation density fluid at the site of 
bleeding]. [52]

Pediatric non-accidental trauma (NAT) is a major cause of morbidity and 
mortality, and the prompt identification of NAT in children has a significant impact 
on its management and prognosis. The European Society of Pediatric Radiology has 
recommended imaging guidelines for suspected child abuse/NAT for children of 

Figure 9. 
Left temporal bone fractures and left-sided epidural hematoma with swirl sign representing active arterial 
extravasation.

The Horizons of Computed Tomography 
DOI: http://dx.doi.org/10.5772/intechopen.1013395

1129



different ages. A full skeletal survey is recommended in an infant to assess skeletal 
injuries. For a child older than 1 year of age, if there are any abnormal neurologic 
findings or any abnormal findings on the skeletal survey, then they should undergo 
non-contrast CT brain with 3D reformats, with further MR imaging of the brain and 
whole spine performed if required [53]. NCCT is a frontline imaging modality in 
abusive head trauma (AAT) for the identification and evaluation of subdural 
hematomas, skull fractures, contusions, hypoxic-ischemic parenchymal injuries, and 
edema [54].

9.2 Non-traumatic emergencies

CT is also recommended for the evaluation of mal-positioned chest tubes (MCT) 
and PEG tube complications. CT is especially useful when chest X-rays fail to 
adequately visualize mediastinal or pleuro-parenchymal abnormalities and can 
accurately assess chest tube positioning. The CT scan has better accuracy than plain 
chest radiograph (CXR) to evaluate MCT [55].

CXR, along with computed tomography (CT), has been the workhorse of imaging 
for lung parenchymal assessment in patients with COVID-19 pneumonia [56].

Fat stranding on a CT scan is considered a radiological sign in assessing the 
presence of inflammation within the thoraco-abdominal pelvic cavity. Abdominal fat 
stranding may cause hazy or ground glass-like attenuation and increased fat 
attenuation in severe cases [57]. It may be associated with various benign and 
malignant conditions. However, its presence can help direct the clinician’s attention to 
areas of potential concern and guide further diagnostic evaluation. The fat stranding 
location on a CT scan can offer valuable diagnostic clues. Acute cholecystitis may be 
suggested in the right upper quadrant; acute pancreatitis or pyelonephritis may be 
suggested in the left upper quadrant. Fat stranding in the right lower quadrant often 
indicates appendicitis, omental infarction, or Crohn’s disease, whereas in the left lower 
quadrant, it commonly points to diverticulitis or bowel ischemia. Central abdominal 
fat stranding has a broader differential, including infectious enteritis or colitis, 
inflammatory bowel disease, mesenteric panniculitis, postoperative changes, and, 
more rarely, colon cancer [55].

10. Oncology

The widespread application of CT spans the entire continuum of cancer care – 
including early detection, precise staging, treatment planning, and post-therapy 
monitoring – establishing it as an essential tool in contemporary oncological practice 
[58]. Preoperative MDCT imaging plays a crucial role in patient selection and 
surgical planning.

Chest and abdominal CECT are indispensable in assessing tumor burden, 
mediastinal nodal involvement, evaluating tumor extent, and detecting regional 
lymphadenopathy and distant metastases for diagnosis and staging. The American 
Joint Committee on Cancer (AJCC) TNM system is widely used for staging, 
incorporating tumor invasion depth (T), nodal involvement (N), and metastasis (M) 
to stratify prognosis and guide treatment [59].

CT in head and neck malignancies with the puffed cheek technique (Figure 10) 
excels in assessing tumor extent, bone invasion, lymphadenopathy, and airways, 
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making it particularly useful in oral cavity, oropharynx, and larynx cancers. It is 
superior to MRI for evaluating cortical bone destruction [60, 61].

The IASLC (International Association for the Study of Lung Cancer) TNM 
staging system is the standard for categorizing tumors by size, location, nodal 
spread, and presence of metastases (Figure 11).[62]

Response Evaluation Criteria for Solid Tumors (RECIST) – a standard objective 
criterion to measure the response of a tumor to treatment. Similarly, Choi criteria are 
indicated for tumor response assessment of gastrointestinal stromal tumors (GIST).

PET CT is a modern hybrid modality that fuses computed tomography and 
positron emission tomography for simultaneous data presentation, i.e., anatomical– 
functional imaging. It involves radiopharmaceutical administration and is used 
primarily in the staging and treatment response of cancers (Figure 12) [63].

Figure 11. 
Pancoast tumor (right apical mass) with pulmonary metastasis and mediastinal lymphadenopathy with superior 
vena cava invasion.

Figure 10. 
(a) Contrast axial CT head at the level of the mandible showing an enhancing soft tissue density seen in the left 
buccal region, which is better depicted in, arising from the buccal mucosa via the puffed cheek technique.
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For the staging of esophageal cancer, PET/CT or contrast-enhanced CT of the chest 
and abdomen is typically appropriate to assess distant nodal and metastatic disease, 
which is pivotal in guiding treatment decisions. The identification of metastatic spread 
at this stage often shifts the therapeutic approach from surgical intervention to 
palliative care. During treatment, particularly neo adjuvant chemotherapy, PET/CT 
is useful not only for evaluating the tumor’s response but also for detecting any 
emerging new metastases. Following the completion of therapy, PET/CT or CT 
imaging remains appropriate for assessing potential recurrence or metastatic 
progression, regardless of whether a clinical suspicion of recurrence exists [33].

Ann Arbor classification is the staging system for lymphoma. CT scans, often 
integrated with PET, are used to assess nodal and extra-nodal involvement. PET/CT 
offers greater sensitivity and specificity and can upstage lymphoma in up to 40% of 
cases, while CT remains valuable, especially when PET findings are equivocal or 
non-FDG-avid [64].

CT, particularly using a pancreatic protocol with arterial and portal venous 
phases, is the modality of choice for staging pancreatic adenocarcinoma. It assesses 
tumor size, vascular encasement (key for determining resectability), and distant 
metastases [65]. CT accurately detects pancreatic neuroendocrine tumors (PNETs) 
and hyper-vascular liver metastases during multiphase scanning [66].

In colorectal cancer, CT of the chest, abdomen, and pelvis is used to detect distant 
metastases and to guide neo-adjuvant therapy. A meta-analysis concluded that helical 
CT demonstrates high sensitivity for identifying colorectal liver metastases [67, 68].

For renal cell carcinoma, MDCT has high accuracy in detecting renal vein and 
inferior vena cava tumor thrombus (negative predictive value ~97%, positive 
predictive value ~92%), facilitating preoperative strategy [69].

For ovarian malignancies, the European Society of Urogenital Radiology (ESUR) 
guidelines recommend contrast-enhanced CT scans covering the thorax, abdomen, 
and pelvis, with structured reporting to detect disease extent and assist in surgical 
planning, particularly to identify lesions impacting cyto-reduction feasibility. 
Gynecological malignancies, i.e., uterine, ovarian, and cervical cancers, are 
evaluated by the International Federation of Gynecology and Obstetrics (FIGO) 
system. [70] For cervical cancers, while PET/CT is preferred for nodal staging,

CT urography is critical in urothelial cancers for local staging and upper tract 
involvement detection. It shows high specificity (91–95%) but moderate sensitivity 
(30–53%) for nodal metastases. The AJCC TNM system classifies bladder cancer 
based on the depth of invasion into bladder wall layers, which is assessed on MRI; 
however, CT aids in the detection of nodal spread and metastasis, thus guiding 
prognosis and treatment [71].

CT tri-phasic study has a role in Pre and post-trans-arterial Chemo-Embolization 
(TACE) assessment of hepatoma. Regarding bone tumors, chondrosarcoma is better 
assessed on CT because of its calcified chondroid matrix.

Peritoneal carcinomatosis (PC) originates from peritoneal malignancies and may be 
managed through complete cyto-reductive surgery (CRS). Surgical eligibility is 
determined using the Peritoneal Cancer Index (PCI), with a score of ≥20 typically 
indicating unresectable disease. Correlating imaging findings with intraoperative 
observations facilitates effective teamwork between a radiologist and surgeon. CT PCI is 
calculated based on CT findings (size and number of peritoneal deposits in 13 locations 
of the abdomen) and plays an important role in multidisciplinary discussions, although 
its correlation with surgical PCI remains variable (Figure 13) [72, 73].
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11. Urology

CT KUB is the investigation of choice for acute flank pain. It accurately assesses 
stone size, density, location, and level of obstruction (Figure 12). Because of the soft 
tissue blooming artifact that exaggerates the size of the stone, the bone window is 
ideal for measuring stone size. These stone parameters help the urologist in choosing 
management options for the patient, whether the patient should undergo 
extracorporeal shock wave lithotripsy (ESWL), ureteroscopy and stone retrieval, 
conservative management, or pyelonephrolithotomy (PCNL) (Figure 14). CT 
Urogram is recommended for the evaluation of urinary tract masses, strictures, and 
ureteral injury. CT cystogram is useful for identifying bladder rupture or post- 
operative bladder injury [74–81].

The split-bolus technique, a sophisticated CT imaging protocol, is not only used 
in post-trauma patients but also for evaluating hematuria, as it acquires both the 
nephrographic (renal enhancement) and excretory (urinary tract) phases in a single 
scan.

12. Forensic medicine

Virtual autopsy, also known as virtopsy, is a non-invasive postmortem 
examination technique that utilizes advanced imaging modalities such as computed 
tomography (CT), magnetic resonance imaging (MRI), and 3D surface scanning to 
assess the cause of death. Unlike conventional autopsies that require dissection, 
virtual autopsies preserve the integrity of the body, making them particularly 
valuable in cases where religious, cultural, or legal constraints limit invasive 
procedures. This method enables high-resolution visualization of skeletal structures, 
internal organs, and traumatic injuries, and can be complemented by postmortem 
angiography or CT-guided biopsies for enhanced diagnostic accuracy. While it offers 
advantages such as rapid digital documentation, remote consultation, and superior 
detection of certain findings (e.g., gas embolism, vertebral fractures), it may have 
limitations in identifying some microscopic and soft tissue pathologies. Virtual 
autopsy has gained increasing application in forensic investigations, natural death 
evaluations, pediatric cases, and mass disaster scenarios [82].

Postmortem CT (PMCT) is as effective as a traditional autopsy in detecting 
pulmonary infections and determining natural causes of death. Additionally, it is 
superior in identifying vertebral fractures, which can help rule out hanging and 
support evidence of spinal trauma [83].

13. CT guided intervention, virtual dissection, AI, and other 
advancements

CT-guided interventional radiology uses percutaneous, minimally invasive 
techniques to perform diagnostic and therapeutic medical procedures, including 
biopsy, fluid aspiration, drainage, and ablation [84].

CT has brought innovation in medical education, i.e., Virtual Dissection 
(Figure 15). It is a technique in which a virtual human body can be cut into thin 
sections noninvasively. The usage of Computed Tomography in 2D and 3D forms is 
a cost-effective technique that employs high-level IT development [85, 86].
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Advanced MDCT 64 and 128-slice scanners help in hollow tube examination via 
shaded surface display. Virtual colonoscopy, also known as computed tomographic 
colonoscopy (CTC), is now being used in screening colorectal malignancies. It has 
sensitivity nearly equal to optical colonoscopy. Virtual bronchoscopy is a diagnostic 
technique that produces high-resolution images of the tracheobronchial tree via 
minimum intensity projection (MinP) (Figure 16). [87–89]

Dual-energy CT is a new technology that utilizes two X-ray tubes in the gantry 
instead of one and has vast advantages over MDCT, for example, characterization of 
renal calculi, cysts, masses, differentiation of iodine extravasation from hemorrhage, 
etc. [90]

Tomotherapy is an advanced form of therapy that combines intensity-modulated 
therapy with CT scan precision in radiation oncology. CT is used for contouring in 
stereotactic radiosurgery for precise localization of tumors (Figure 17). [91]

Figure 15. 
Skull base cross-sectional and surface anatomy on 2D and 3D CT; 3D manipulation tools (virtual scalpel, 
rotator) allow the operator to pan, rotate, zoom, and images.
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CT fluoroscopy combines cross-sectional imaging with the movement and 
tracking perception of fluoroscopy. It is essential for image-guided biopsies 
and interventions, including trans-arterial chemo embolization and radio 
frequency ablation [90]. While bone mineral density is routinely assessed via 
DEXA scan, a CT scan can assess bone density subjectively but also 
quantitatively – a novel concept for opportunistic screening of osteoporosis 
(Figure 18) [92].

Tumor heterogeneity can be quantified into mineable data via radiomics – a new 
advancement in radiology. In one study, computed tomography texture analysis 
(CTTA) was used to predict the breast cancer histo-pathological features and found 
no statistically significant differences (Figure 19) [93].

CT lung cancer screening is recommended for adults who are at high risk of 
developing the disease due to their smoking history and age [94].

Dental Cone Beam CT is a special type of 3D X-ray equipment used when plain 
facial or dental X-rays are not sufficient. It is utilized in orthodontics, ENT, dental 
implantology, and oral and maxillofacial radiology [95].

Photon counting CT is a new CT technology recently approved by the FDA. It 
uses a semiconductor rather than a scintillator to generate electronic signals in the 
detector. It has a few advantages over conventional CT, for example, improved 
spatial resolution, reduced dose, and fewer artifacts [96].

Artificial intelligence (AI), including deep learning (DL) and machine learning 
(ML), is revolutionizing modern healthcare by enhancing diagnostic capabilities in 
both trauma care and precision oncology. In the emergency department, AI-powered 
systems analyze radiological images like CT scans to rapidly and accurately detect 
subtle and often life-threatening pathologies in traumatic brain and abdominal 
injuries, significantly improving the speed and precision of diagnostic interpretation 
[97, 98]. Furthermore, AI and ML facilitate advanced data analysis in cancer care, 
extracting rich quantitative data from medical images to enable detailed tumor 
pheno-typing and support the development of highly personalized precision care 
strategies.

From an economic perspective, CT has opened new doors for radiologists’ 
employment, including Tele-radiology and the worldwide trading of machine 
components.

14. Imaging appropriateness and low dose CT techniques

CT has been the major source of ionizing radiation, which has the potential to 
induce carcinogenesis. ACR Appropriateness Criteria help referring doctors 
recommend appropriate imaging for a specific clinical condition. There have been 
rising concerns regarding the inappropriate use of CT. In one study conducted in 
Pakistan on 1,206 HRCT chest scans, 44.6% of scans were found to be inappropriate! 
Each and every imaging study must be justified, considering the ALARA principle, 
i.e., “as low as reasonably achievable”.

Because of similar concerns, “Pediatric” CT should be reserved only for 
cardiovascular anomalies, cancer staging, and assessment of complex trauma/non- 
accidental injury. Low-dose CT technique should be utilized for CT KUB, including 
automatic exposure control and reducing mAs/kVp according to patient size 
[99–103].
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To avoid unnecessary radiation exposure due to a CT scan, in trauma patients, the 
Canadian CT Head Rule in an emergency department provides an approach for 
physicians to evaluate the appropriate use of CT scans in patients with minor head 
injuries and those over 16 years old with blunt head trauma [104].

Although radiation is a concern in the pediatric population, the risk of missed 
injury often outweighs the potential radiation harm. Using a multidisciplinary 
approach, specialist interpretation, and structured imaging protocols, including the 
use of low-dose CT scans, helps reduce the radiation dose.
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AI  Artificial Intelligence
ABPA  Allergic Bronchopulmonary Aspergillosis
ACR  American College of Radiology
CXR  Chest X-ray
DJ  Double J stent
FDA  Food and Drug Administration
FESS  Functional Endoscopic Sinus Surgery
IT  Information Technology
KUB  Kidneys, Ureters, and Bladder
kVp  Kilo volt peak
mAs  milliampere second
MDCT  Multi detector CT
MPR  Multi planar reformat
NICE  National Institute for Health and Care Excellence
TNM  Tumor, Node, and Metastasis
VD  Virtual Dissection
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Chapter 4

Venous Invasion in Hepatocellular 
Carcinoma - CT
Youstina Elamir and Mai Ashraf Saad Zaghloul

Abstract

Hepatocellular carcinoma is characterized by its strong propensity for invasion of 
vascular structures, mainly the portal vein and, uncommonly, the hepatic veins and 
inferior vena cava (IVC). Differentiating malignant from bland thrombus is crucial 
in determining the therapeutic approach, as the presence of malignant venous 
invasion is considered an advanced stage with limited therapeutic options and poorer 
prognosis. Adequate triphasic computed tomography (CT) is important in the 
detection of macrovascular venous invasion and in assessing the extent of malignant 
thrombus. Features of malignant thrombus include expansion of the vein, 
enhancement, internal neovascularity, direct continuity with the HCC mass, and 
showing a similar pattern to that of HCC. The presence of large malignant thrombus 
can cause significant hemodynamic changes in the liver; also, large malignant portal 
venous thrombus (PVTT) can cause portal hypertension, gastrointestinal bleeding, 
and might lead to multiple intrahepatic tumor seeding and recurrence. Involvement 
of the inferior vena cava by tumor thrombus and the right atrium can lead to 
secondary Budd–Chiari syndrome, pulmonary embolism, pulmonary metastases, and 
immediate death if the malignant thrombus infiltrates the heart. Determining the 
extent of malignant thrombus is important in choosing the appropriate management, 
whether hepatic resection if the thrombus is limited or systemic therapy in advanced 
cases. Missing venous invasion has a great negative impact on patient management; 
causes of missing it include inadequate imaging, similar patterns of malignant 
thrombus to the primary tumor, forgetting to revise hepatic veins and IVC (which is 
not usually written in templates), and doctor exhaustion.

Keywords: hepatocellular carcinoma, computed tomography (CT), malignant 
venous thrombosis, portal vein, inferior vena cava

1. Introduction

Hepatocellular carcinoma (HCC) is the most common primary malignant tumor
affecting the liver, usually seen in a cirrhotic liver.

It is considered the fifth most common cancer and also the second most common 
cause of cancer death [1]. HCC has a great tendency to invade major vascular 
structures, such as the portal vein (PV), less commonly the hepatic vein (HV), and 
the inferior vena cava (IVC) [2].
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Tumor thrombus invading the hepatic vein (HV) to extend to the inferior vena 
cava (IVC) and right atrium (RA) has also been reported [3, 4].

Neoplastic and bland thrombi are formed through different pathophysiological 
mechanisms with different prognoses. Bland thrombus, which results from the slow 
flow of portal blood, consists of clotted blood or fibrin with no viable cells [5]. The 
bland thrombus might be resolved following thrombolytic and anticoagulant 
treatment, unlike malignant invasion, which is typically induced by the direct 
invasion of hepatocellular carcinoma (HCC) into the vein, usually the portal vein 
(PV) [6]. It is most often associated with earlier recurrence and metastasis in the 
liver, even following surgical resection [7, 8] Detection of malignant thrombosis is 
challenging, as it is asymptomatic in many patients. It might be detected during 
either routine staging or follow-up imaging [9].

Vascular invasion in HCC can be macrovascular invasion, typically visualized as 
invasion of the portal or hepatic venous system, or microvascular invasion, defined 
as microscopic infiltration of small vascular channels; both are key determinants of 
prognosis [10, 11].

Macrovascular invasion can be readily identified on cross-sectional imaging and 
usually precludes curative therapeutic options like partial hepatectomy or liver 
transplantation. In contrast, microvascular invasion is detectable only on 
histopathological examination, making it difficult to predict preoperatively despite 
advances in imaging biomarkers [10, 11].

2. Differentiating malignant from bland thrombus

The presence of malignant thrombus is considered a high stage with limited 
therapeutic chances (Table 1). Therefore, differentiating bland from malignant 
thrombus is very significant in assessing therapeutic options and predicting 
survival [12].

Adequate imaging is crucial for diagnosing or excluding the presence of venous 
thrombosis. Owing to the higher risk of venous thrombosis in cancer patients, the 
limited reliability of clinical signs, along with other clinical indicators such as 
D-dimer, cannot be interpreted in patients diagnosed with cancer [13].

Differentiating malignant from bland thrombus is important for the management 
of the patient. CT and MRI are very useful in detecting malignant thrombus and 
characterizing its extent [14].

Imaging Features Malignant thrombus Bland thrombus

Expansion of the vein Present Not present

Similar features to HCC Present Not present

Enhancement Present Not present

Direct continuity with the primary Present Not present

Internal neovascularity Present Not present

Table 1. 
Differentiation between malignant and bland thrombus. 
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It is important for the detection of either tumoral or benign thrombus on CT to 
consider an adequate bolus of contrast to ensure optimal opacification of the 
vessels [15].

Malignant thrombus shows expansion of the vein, while bland thrombus. 
Malignant thrombus shows enhancement, but bland thrombus often appears as a 
filling defect and doesn’t enhance. Malignant thrombus shows direct continuity from 
the primary tumor, while bland thrombus does not. Malignant thrombus shows similar 
features to the primary tumor, while bland thrombus does not [16]. The pattern of 
enhancement in malignant thrombus may resemble that of the primary malignancy, 
including hyperenhancement in the arterial phase and washout in the delayed phase in 
HCC cases [9].

The detection of neovascularity within a portal vein thrombus on CT scans has 
been documented to exhibit 100% specificity for malignancy (Figure 1) [17].

Shunts can be associated with tumor thrombus and may result in transient 
hepatic attenuation differences (THAD) [18].

Differentiating malignant and benign thrombi can also be done by 18  
F-fluorodeoxyglucose (FDG) positron emission tomography/CT, as malignant 
thrombi show higher FDG uptake than bland thrombi [19, 20].

In MRI, malignant thrombi typically demonstrate restricted diffusion, whereas 
bland thrombi show no or minimal restriction. Additionally, T2-weighted imaging 
demonstrates intermediate signal intensity of the malignant thrombus, while bland 
thrombus shows low signal intensity [16].

3. CT imaging

The most important requirement for proper visualization of venous thrombosis at 
CT is an adequate bolus of contrast for sufficient vessel opacification. In routine 
staging or restaging CT, 100 mL of IV contrast doses are usually used [21].

Triphasic CT is required to image the entire liver in the arterial, portal, and 
delayed phases.

Non-enhanced CT (NECT) is usually performed before contrast injection 
to differentiate actual enhancement from hyperdense lesions, especially 
post-transarterial chemoembolization in HCC cases, and can detect 
calcification that might be observed in chronic bland thrombus.

Figure 1. 
Axial triphasic study for an HCC case showing expansion of the portal vein, demonstrating similar features to the 
primary tumor in the form of arterial hyperenhancement (a) and wash out in the later phases (b, c), with 
internal neovascularity (a).
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Late arterial phase, usually acquired 30–35 seconds post-injection, is useful for 
the detection of neovascularity and enhancement of the malignant venous thrombus.

Portal phase is usually acquired 60–70 seconds post-injection, which is the best 
phase for assessment of opacification of the venous structures, but sometimes a flow 
artifact may cause misinterpretation, mistaking it for actual thrombosis.

Delayed phase is usually acquired 3–5 minutes post-injection and is useful for 
differentiating flow artifacts from actual thrombosis. It also shows the washout of 
malignant venous invasion as the primary in cases of HCC.

In some studies, dual-energy spectral computed tomography (DESCT) 
demonstrated greater precision in distinguishing between bland and tumor 
thrombus compared to a conventional CT scan with contrast [12, 22–24].

The latest DESCT imaging technology enables the spectral differentiation and 
quantification of materials within the object. In cases with contrast images, material 
decomposition effectively separates the signal from iodinated contrast from that of 
the soft tissue, resulting in a series of iodine-based images that offer insights into the 
distribution of the contrast material within the organ [25, 26].

The phase of the portal vein is usually selected for examining portal vein 
thrombosis, not only because thrombi are more readily detected during this phase, 
but also because their connections with primary hepatic lesions (if present) are more 
evident compared to other phases [12].

But DESCT is usually not done in routine staging or follow-up imaging; triphasic 
CT imaging remains the primary method of investigation.

4. Venous invasion

4.1 Portal vein invasion

Hepatocellular carcinoma (HCC) is considered the most common cause of bland 
or malignant portal vein thrombosis (PVTT) [27].

PVTT is the most common type of macrovascular invasion in HCC, with its 
diagnostic occurrence ranging from 10% to over 40% [28, 29–30].

The presence of malignant thrombus is an important determinant of tumor 
staging and prognosis and affects treatment selection. Portal vein invasion in HCC 
renders the patient unsuitable for surgical resection, orthotopic liver transplantation, 
and chemoembolization, owing to the high incidence of tumor recurrence and lower 
survival associated with these patients [31].

It can be identified by a triphasic contrast CT study, where it appears as solid 
lesions within the portal vein throughout all phases. The PVTT shows arterial phase 
enhancement and washout in the delayed phase [32].

In contrast, bland thrombus of the portal vein (PVT) frequently occurs due to 
complications associated with cirrhosis or splenectomy. There is no enhancement in 
the arterial phase and it can be treated with anticoagulant therapy. Precisely 
distinguishing malignant portal vein thrombosis from bland thrombus is crucial [33].

HCC can show either a massive, nodular, or infiltrative pattern. The presence of 
tumor thrombus in both massive and nodular patterns of HCC can be detected through 
imaging by its continuity with the tumor and the pattern of enhancement, like that of 
HCC, in the form of arterial phase hyperenhancement and washout in the portal venous 
or delayed phase. However, HCC showing an infiltrative growth pattern might be 
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difficult to diagnose as it is usually ill-defined and shows minimal arterial enhancement. 
The presence of associated malignant thrombus might be the key to diagnosing it [16].

A-VENA non-invasive diagnostic criteria were established by Sherman, C. B., 
et al. [34]. These criteria depend on the presence of three or more indicators for 
differentiating PVTT from PVT:

A – alpha-fetoprotein levels more than 1,000 ng/dL
V – venous expansion
E – Enhancement of the thrombus
N – Neovascularity
A – Adjacency to HCC
The extent of PVTT can be assessed by the two most commonly used systems, 

which are the Japanese VP classification [35, 36] (Table 2) and Cheng’s classification 
[37], or the new simplified classification system developed by Xu et al. [38], as 
described below:

4.1.1 VP classification

The extent of tumor thrombus in the portal vein is divided into four levels in the 
VP classification (Figure 2):

Vp1: The thrombus extends through the segmental branches of the portal vein, 
distal to the second-order branches.

Vp2: The thrombus extends through the second-order branches.
Vp3: The thrombus extends through the first-order branches of either the right 

main portal vein or the left main portal vein.
Vp4: The thrombus extends through the main trunk of the portal vein and/or the 

contralateral branch.

4.1.2 Cheng’s classification

In Cheng’s classification, there are four grades for thrombus extension:
Type I: The thrombus involves the segmental branches of the portal vein or distal 

to it (corresponding to Vp1 and Vp2 in the Japanese VP classification).
Type II: The thrombus involves the right or left portal vein (corresponding to Vp3 

in the Japanese VP classification).
Type III: The thrombus involves the main portal vein (corresponding to Vp4 in 

the Japanese VP classification).
Type IV: The thrombus extends to the superior mesenteric vein.

Japanese Vp classification Venous involvement Cheng’s classification

Vp1 Involvement of the segmental branches of PV. Type I

Vp2 Involvement of second order branches

Vp3 Involvement of first order branches Type II

Vp4 Involvement of the main trunk Type III

Involvement of SMV Type IV

Table 2. 
Japanese VP and Cheng’s classification systems for PVTT. 
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4.1.3 Xu et al. New classification

They divided PVTT into two groups (Figure 3):
Group A: The thrombus involves the main trunk of the portal vein or both the left 

and right portal veins.
Group B: The thrombus involves only the right or left portal vein.

4.2 Hepatic vein and inferior vena cava invasion

Invasion of hepatic veins (HVTT) in HCC patients is rare compared to PVTT. 
Invasion of the IVC has been reported to occur in less than 5% of cases, which are 
considered advanced-stage disease, with therapy limited to only chemotherapy, and 
survival times not exceeding one year. Extension into the IVC occurs through the 
invasion of the hepatic veins [39, 40].

A new classification system for hepatic venous invasion was developed by Chen, 
Z. H., et al. [2] as follows:

Type I: tumor thrombosis involving HV, including microvascular invasion, with 
two subtypes:

Type Ia: tumor thrombosis extends through the peripheral HV.
Type IB: tumor thrombosis extends through the major HV.
Type II: tumor thrombosis extends through the retrohepatic segment of the 

inferior vena cava.
Type III: tumor thrombosis extends through the supradiaphragmatic segment of 

the inferior vena cava with two subtypes (Figures 4, 5):
Type IIIa: tumor thrombosis not extending into right atrium.
Type IIIb: tumor thrombosis extending into the right atrium.

Figure 2. 
VP classification system for PVTT.
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5. Hemodynamic changes in portal or hepatic venous invasion

The normal liver has a dual blood supply (70% from the portal vein and 30% from 
the hepatic artery). The presence of PVTT and HVTT may result in several patterns 
of hemodynamic changes within the liver in dynamic contrast-enhanced CT [18]. 
Transient hepatic attenuation differences (THAD) may be associated with venous 
invasion resulting from arterial phase hyperperfusion [41].

The pathogenic mechanisms mediating THADs are described by Colagrande 
et al., including:

● Primary arterial inflow in a hyper vascular focal lesion, leading to hyperperfu
sion of the surrounding parenchyma (siphoning effect).

● Indirectly, by portal hypoperfusion that occurs due to compression or infiltra
tion of the portal vein, thrombosis leading to blockage of a portal branch, or the 
diversion of flow through an arterioportal shunt. In HCC cases, considerable 
arteriovenous shunting may occur (Figure 5).

Hemodynamic alterations occurring due to PVTT or HVTT are dependent on the 
size of the shunt. A small portal or hepatic thrombus will not cause significant 
hemodynamic changes, but large PVTT can significantly diminish portal flow with 
consequent arterialized perfusion in the distal segment, which may result in a THAD. 
If the thrombus extends to the IVC, it can lead to congestive hepatopathy by 
obstructing the liver’s venous drainage; if it is larger, it could result in congestion 
affecting the drainage of the lower limbs and abdominal organs [18].

Figure 3. 
Xu classification system for PVTT.
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6. Prognostic factors and staging of vascular invasion in hepatocellular 
carcinoma

6.1 Prognostic factors in hepatocellular carcinoma with vascular invasion

Involvement of the main portal vein by malignant thrombus causes portal 
hypertension, with subsequent gastrointestinal bleeding and ascites. PVTT is also 
a possible cause of multiple intrahepatic tumor seeding and recurrence [42].

Involvement of the inferior vena cava by tumor thrombus and the right atrium 
can lead to several complications, including secondary Budd–Chiari syndrome, 
pulmonary embolism, and pulmonary metastases [43].

In addition, it can cause sudden pulmonary embolism, refractory heart failure, 
and abrupt mortality may occur if the malignant thrombus infiltrates the heart. The 
prognosis is usually poor, with a reported median survival time of only 2–5 months 
without treatment [43, 44].

Figure 4. 
Axial (a, b, c) and coronal (d) CT images for a case of HCC showing invasion of the right hepatic vein and IVC, 
extending to its supradiaphragmatic portion.
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6.2 Staging Systems

Several staging frameworks are used in HCC, each with distinct strengths and 
limitations.

The BCLC classification is the most widely adopted globally, linking prognosis 
with treatment allocation. However, it has been criticized for being overly 
restrictive; patients with PVTT are considered high stage with recommended 
systemic therapies only [45].

The Hong Kong Liver Cancer (HKLC) system provides a more aggressive 
algorithm and has shown superior prognostic stratification, particularly in selected 
populations with a high prevalence of hepatitis B [46].

The American Joint Committee on Cancer/Union for International Cancer 
Control (AJCC/UICC) staging system is primarily morphology-based and 
incorporates vascular invasion, making it valuable for surgical candidates and 
pathology reporting [10].

7. Causes of missing venous invasion

7.1 Inadequate imaging

Inadequate contrast intake degrades adequate opacification of the venous 
structures. In addition, single-phase imaging might cause misinterpretation of flow 
artifacts and distinguishing them from intravenous malignant thrombus; delayed 
imaging helps in differentiating flow artifacts from actual thrombus by the filling of 
veins in delayed imaging.

Figure 5. 
Axial triphasic study for HCC infiltrative type case showing expansion of the portal vein with early arterial 
enhancement, denoting an arterioportal shunt (a). Also, there is invasion of the right hepatic vein and the IVC up 
to the level of the right atrium (arrows in e and f). In this case, there is right adrenal, which is pathologically 
proven (green arrow).
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7.2 A similar pattern of malignant thrombus to the primary tumor

As malignant thrombus shows similar features to the primary HCC, the 
malignant thrombus looks like part of the tumor, and sometimes the venous 
structure cannot be discriminated separately from the primary tumor, especially if 
the radiologist forgets to revise the venous structures.

7.3 Forgetting to revise hepatic veins and IVC

The hepatic veins and the IVC are not usually written in templates and are 
uncommonly invaded in cases of HCC; it is important to search for their patency in 
each case of HCC.

7.4 Doctor exhaustion and overworking

Doctor exhaustion has a great negative impact on reporting and might be a cause 
of missing many important findings, such as malignant venous invasion.

8. Conclusion

Hepatocellular carcinoma is the most common malignant tumor with 
a propensity for venous invasion, mostly involving the portal vein (PVTT) and, less 
commonly, the hepatic veins and inferior vena cava. Accurate detection and 
discrimination between bland and malignant thrombus are crucial, as 
misinterpretation can alter staging, prognosis, and treatment planning. Triphasic CT 
plays a pivotal role in detecting malignant venous invasion and defining its extent, as 
the presence of macrovascular invasion usually signifies advanced disease, limiting 
curative options such as resection or transplantation.
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Abstract

Computed tomography (CT) and positron emission tomography (PET) are 
pivotal imaging modalities in oncology, each offering unique advantages. CT 
provides high-resolution anatomical details, enabling precise tumor localization, 
characterization, and TNM staging. However, its reliance on structural data limits its 
ability to assess metabolic activity. Conversely, PET, particularly with [18F]-FDG, 
captures functional and molecular processes, revealing tumor viability and hetero
geneity. The integration of these modalities in hybrid PET/CT systems has revolu
tionized oncologic care by combining anatomic precision with metabolic sensitivity, 
improving diagnostic accuracy, staging, and therapeutic planning. This chapter 
explores the technical principles of CT and PET, highlighting advancements such as 
multidetector CT, dual-energy CT, and photon-counting CT, alongside emerging 
PET radiopharmaceuticals. It underscores the clinical impact of PET/CT in detecting 
occult metastases, assessing early treatment response, and differentiating recurrence 
from post-therapeutic changes. Key applications include guiding radiotherapy plan
ning, where metabolic tumor volume (MTV) delineation enhances precision and 
reduces toxicity. Limitations, such as false positives from inflammatory FDG uptake 
or CT’s inability to discriminate viable tissue, are also discussed. Ultimately, PET/CT 
exemplifies precision medicine, enabling tailored oncologic management. Its role in 
optimizing staging, prognostication, and therapy monitoring underscores its indis
pensability in modern oncology. Future directions, including novel tracers and AI- 
driven analysis, promise further advancements in cancer imaging and patient 
outcomes.

Keywords: computed tomography, PET/CT, oncology, molecular imaging, cancer, 
diagnostic imaging
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1. Introduction

Cancer remains one of the leading causes of morbidity and mortality worldwide 
[1]. In this context, early detection and comprehensive diagnostic evaluation are 
fundamental pillars for improving clinical outcomes and overall survival rates [2]. 
Over the past decades, medical imaging has evolved as a key tool, enabling not only 
the identification of lesions but also the understanding of their biological behavior, 
thereby facilitating more personalized and efficient care [3].

Computed tomography (CT) has long been one of the most reliable methods for 
obtaining precise anatomical images. Thanks to its ability to generate high-resolution 
multiplanar slices, it has proven accurate in locating, characterizing, and staging 
various types of solid tumors [4]. Its evolution, from the first single-slice scanners to 
advanced technologies such as multidetector CT, dual-energy CT, and photon- 
counting CT, has expanded its diagnostic utility and optimized therapeutic 
planning [5].

However, conventional CT provides structural information but lacks functional 
and molecular data on tumor activity. In this regard, positron emission tomography 
(PET), especially with [18F]-FDG (fluorodeoxyglucose), adds a fundamental 
metabolic dimension for assessing neoplastic activity, reflecting the biological 
behavior of cancer. The integration of both modalities into a single hybrid PET/CT 
study has revolutionized oncologic approaches, improving staging, detection of 
occult metastases, differentiation between recurrence and post-treatment changes, 
and evaluation of metabolic response [3, 6], among other less-explored scenarios.

Various studies have shown that PET/CT can modify the treatment plan in up to 
35% of cases, depending on the cancer type and oncologic scenario, by detecting 
lesions not evident in other modalities or redefining tumor extent. Additionally, it 
has proven useful in different cancer types, including Hodgkin and non-Hodgkin 
lymphoma, lung, breast, prostate, colorectal, gynecologic, esophageal, pancreatic, 
and head and neck cancers, as well as in postoperative follow-up and radiotherapy 
planning. In the latter field, it allows more precise delineation of target volumes, 
reducing exposure to healthy tissues and increasing therapeutic efficacy [6, 7].

This chapter aims to explore the added value of the diagnostic synergy between 
CT and molecular PET imaging, highlighting its technical foundations, real clinical 
impact in various scenarios where patient lives depend on well-founded decisions, 
and, beyond protocols, how integrating both modalities represents a commitment to 
precision, personalized medicine, and excellence in oncologic care.

2. Technical principles of computed tomography

2.1 Fundamentals and historical evolution

CT is based on the attenuation of X-rays as they pass through body tissues and the 
mathematical reconstruction of cross-sectional images from these projections. 
Unlike conventional radiography, where overlapping structures can limit 
visualization, CT provides precise anatomical slices using algorithms derived from 
the Radon transform, published in 1917, and later operationalized by Allan Cormack 
and Godfrey Hounsfield, who introduced the first clinical scanners in the 1970s 
[8, 9].
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The first devices offered cranial images with low resolution (80x80 pixel matrix) 
and prolonged acquisition times of up to 7 minutes per slice. However, progressive 
technological advances led to systems with continuous rotation, multiple detectors, 
and rapid image reconstruction, laying the groundwork for helical and multidetector 
tomography [9].

2.2 Current technology: Multidetector CT, dual-energy CT, 
and photon-counting CT

Multidetector CT (MDCT) has almost entirely replaced single-detector-row 
systems. It uses two-dimensional detector arrays to acquire multiple slices 
simultaneously, significantly reducing scan time and improving spatial resolution. 
This capability is particularly useful in oncology, where evaluating multiple organs in 
a single scan is crucial for staging and therapeutic planning [9, 10].

Dual-energy CT (DECT) uses two energy levels (typically 80 and 140 kVp) to 
obtain spectral information about tissue composition. It allows differentiation 
of materials such as calcium, iodine, and uric acid and generates virtual 
non-contrast maps. This technique improves lesion detection in the liver, lymph 
nodes, and bone structures and is particularly promising in thoracic and abdominal 
oncology [11].

In the newest approach, emerging photon-counting CT technology uses detectors 
capable of directly counting individual photons passing through the body, rather 
than converting them into intermediate signals. This modality improves spatial 
resolution, reduces image noise, and enables more precise tissue characterization. 
Although still in clinical development, it represents the future of high-definition 
structural imaging [12].

2.3 Strengths and limitations of CT in oncology

CT has been a cornerstone in cancer patient evaluation due to its high anatomical 
resolution, fast acquisition, accessibility, and ability to assess multiple systems in a 
single scan. Its utility in detecting primary masses, regional lymphadenopathy, 
pulmonary and bone metastases positions it as a fundamental tool in TNM staging 
(Tumor, Node, Metastasis) and target volume delineation for radiotherapy [13–15].

However, conventional CT is limited by its inability to discriminate tumor 
viability, as structural changes may not accurately reflect the biological activity of 
the disease. Thus, it cannot reliably differentiate between active tumor tissue, post- 
treatment fibrosis, or necrosis, which may affect clinical decision-making in 
ambiguous scenarios. This limitation has driven its integration with functional 
techniques like PET, enabling complementary and precise metabolic evaluation 
[15, 16].

3. Role of computed tomography in oncologic diagnosis and staging

3.1 Tumor detection and anatomic characterization

CT plays a central role in detecting primary and secondary lesions in patients with 
suspected or confirmed cancer. Thanks to its high spatial resolution and multiplanar 
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capability, it allows precise identification and delineation of solid masses, tissue 
thickening, lymphadenopathy, infiltration of adjacent structures, and patterns 
suggestive of disseminated disease [13].

The detailed anatomic characterization provided by CT facilitates differentiation 
between benign and malignant lesions based on morphology, density, contrast 
enhancement, presence of necrosis, calcifications, and relationships with vascular or 
lymphatic structures. In abdominal neoplasms, for example, it enables precise 
evaluation of peritoneal, hepatic, or retroperitoneal involvement; in the thorax, it is 
essential for studying pulmonary, mediastinal, and pleural extension [4].

Additionally, its rapid acquisition allows imaging of multiple anatomic regions in 
a single study, which is key for comprehensive cancer staging and initial therapeutic 
planning [4].

3.2 CT evaluation in TNM staging

The TNM system, developed by the UICC and AJCC, is the basis for classifying 
cancer extent. CT is an essential tool for evaluating each of these components:

● T (Primary tumor): CT measures tumor size, defines margins, identifies 
invasion of surrounding tissues (e.g., chest wall, vessels, solid organs), and 
evaluates structural changes.

● N (Lymph nodes): While CT primarily assesses size and morphology, it cannot 
reliably distinguish between reactive hyperplasia and metastatic involvement. 
However, nodes larger than 1 cm, rounded, with loss of fatty hilum, or abnormal 
enhancement may be considered suspicious.

● M (Distant metastasis): CT is widely used to detect pulmonary, hepatic, 
adrenal, peritoneal, and bone metastases, among others. Its utility is enhanced 
with intravenous contrast and multiphase protocols.

Thus, CT not only enables precise staging but also helps select patients for 
surgery, chemotherapy, immunotherapy, or radiotherapy, contributing to 
personalized medicine [17, 18]. Despite advances in new imaging techniques, CT 
remains pivotal, especially in scenarios such as lung cancer [19].

3.3 Limitations in functional characterization

Despite its strengths, CT has inherent limitations as it relies solely on structural 
data. Often, neoplastic and inflammatory processes share similar morphologic 
features, complicating differentiation. Moreover, CT cannot definitively determine 
whether apparently viable tissue is metabolically active or if residual disease persists 
post-treatment. These limitations are critical in therapeutic response evaluation, 
where size reduction does not always correlate with the absence of tumor 
activity [20].

Therefore, integration with functional techniques like PET allows for more 
comprehensive characterization by providing metabolic information that 
complements anatomical imaging and improves diagnostic accuracy [15, 16].
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4. Principles of PET imaging

PET is a functional and molecular imaging modality that visualizes, characterizes, 
and quantifies biochemical and physiological disease processes in real time. Its 
integration with CT in hybrid PET/CT systems has revolutionized oncologic 
evaluation by combining PET’s metabolic sensitivity with CT’s anatomic 
precision [16].

4.1 Physical and biological fundamentals of [18F]-FDG

As part of the principles of molecular imaging, the use of radiopharmaceuticals is 
essential – that is, the combination of a radioactive isotope attached to a molecular 
vehicle, which can be a protein, amino acid, receptor, hormone, etc. There are 
various PET radiopharmaceuticals available for clinical use, and many more are 
under investigation, particularly in oncology (Figure 1, Table 1). However, the 
most widely used radiopharmaceutical in oncology is [18F]-FDG, a glucose analog 
labeled with fluorine-18. The radioactive isotope, fluorine-18, is used to chemically 

Figure 1. 
Main radiopharmaceuticals used in oncology [22]. Used with permission from the publisher.
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replace a hydroxyl group in glucose. This compound enters cells via glucose 
transporters (GLUT), especially GLUT-1, and is phosphorylated by hexokinase II. 
Unlike glucose, phosphorylated FDG becomes trapped inside the cell and does not 
continue through the glycolytic pathway, thereby allowing visualization of areas 
with high glucose metabolism, which are typical of many malignant tumors [16, 21].

This principle is based on the Warburg effect, which describes how many tumor 
cells exhibit increased aerobic glycolysis, consuming large amounts of glucose even 
in the presence of oxygen. For this reason, [18F]FDG-PET is effective in the 
detection, staging, assessment of treatment response, and surveillance of a wide 
variety of tumors, such as lymphoma, lung cancer, colon cancer, breast cancer, and 
melanoma, among others [16, 21].

4.2 Clinical applications of [18F]-FDG

FDG-PET has become a fundamental tool in oncologic care. Its sensitivity for 
detecting active neoplastic disease often surpasses that of structural imaging 
modalities, allowing for:

● Detection of primary lesions that are hidden or not characterized by CT or MRI.

● Early identification of lesions not visible on conventional imaging studies, since 
physiological changes precede morphological changes (Figure 2).

● Evaluation of disease extent (staging and restaging) (Figure 3).

● Monitoring of therapeutic response, even before tumor size reduction becomes 
evident.

● Differentiation between tumor recurrence and post-treatment changes (fibro
sis, necrosis).

Figure 2. 
Staging of a 60-year-old patient diagnosed with metastatic lobular carcinoma of the right breast. a) Maximum 
intensity projection PET/18F-FDG. b) Breast lesion (arrowhead) and right axillary lymphadenopathy with 
increased metabolism (arrow). c) Hypermetabolic lytic lesion in the L5 vertebral body (arrow). d) Hepatic 
lesion without tomographic correlation (arrow).
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● Detection of distant metastases with greater sensitivity, particularly in the liver, 
lungs, lymph nodes, bones, and peritoneum.

In addition, the sequential acquisition of PET and CT images allows for the 
generation of metabolic maps fused with anatomical details. This synergy has 
increased diagnostic accuracy by approximately 4% to 15%, and confidence in 
anatomical localization by 30% to 50% [21].

4.3 Limitations of FDG-PET

Despite its high sensitivity, FDG-PET has limitations. FDG is not a tumor-specific 
tracer; it can accumulate in inflammatory or infectious processes, as well as in tissues 
with naturally high metabolic activity (such as the brain, myocardium, skeletal 
muscle, or bone marrow). This accumulation can lead to false positives or complicate 
the interpretation of certain lesions.

In addition, some slow-growing or low-grade tumors – such as certain prostatic 
adenocarcinomas, neuroendocrine tumors, or mucinous neoplasms – may exhibit 
low FDG uptake, resulting in false negatives. Therefore, understanding the clinical 
and histological context, as well as the limitations of the radiotracer, is essential for 
accurate interpretation [23].

4.4 Semiquantitative parameters and technical advances

The most commonly used parameter in PET evaluation is the SUV (standard 
uptake value), which allows for the comparison of tumor uptake relative to the 
patient’s body weight and the administered dose. However, this value can be 
influenced by multiple technical and physiological factors, such as blood glucose 
levels, post-injection time, equipment calibration, and reconstruction methods.

Figure 3. 
Restaging of a 48-year-old patient diagnosed with left breast cancer. a) Maximum intensity projection  
PET/18F-FDG. b) Hypermetabolic right upper paratracheal lymph node. c) Hypermetabolic mediastinal lymph 
nodes: right lower paratracheal and paraaortic. d) Hypermetabolic hepatic lesions. e) Hypermetabolic lesion in 
the left iliac bone.
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Recent advances in PET include improved spatial resolution through digital 
detectors, time-of-flight (TOF) correction, penalized iterative reconstruction 
(BSREM), and the development of total-body PET, which enables studies with lower 
doses and higher sensitivity.

From a technical standpoint, current PET/CT systems use multi-ring detectors 
with iterative reconstruction and attenuation correction based on CT. Image 
acquisition is performed in multiple transaxial slices, reconfigured into multiplanar 
reconstructions (coronal and sagittal), generating thousands of images per study. 
This complexity has driven the development of advanced algorithms and artificial 
intelligence tools for analysis and interpretation [24, 25].

New quantitative parameters have recently been developed for use in 18 F-FDG 
PET/CT imaging, namely metabolic tumor volume (MTV) and total lesion glycolysis 
(TLG). TLG is calculated by multiplying MTV by the average SUV, and it enables the 
assessment of both the tumor’s metabolic activity and volumetric burden. Its utility 
lies in predicting disease prognosis and evaluating treatment response more reliably 
[26, 27].

The ongoing development of new radiotracers – targeting markers such as 
hormone receptors, integrins, or specific antigens – is expanding the field of nuclear 
medicine toward precision oncology, where PET not only serves as a diagnostic tool 
but also guides targeted therapies and evaluates molecular biomarkers in real 
time [21].

5. Integration of CT and PET: Hybrid PET/CT studies

The integration of CT and PET into a single hybrid system has transformed 
oncologic imaging. By combining the functional information from PET with the 
anatomical detail provided by CT, it enables more accurate lesion characterization, 
significantly enhancing diagnostic performance across multiple oncologic clinical 
scenarios [28, 29].

5.1 Technical principles of image fusion

Accurate fusion of PET/CT images is achieved through sequential or 
simultaneous acquisition within a single hybrid device. PET provides functional and 
metabolic information, while CT defines anatomical relationships with high spatial 
resolution. Automatic coregistration is facilitated by the sharing of the same field of 
view and spatial coordinates [28, 29].

There are different methods of image fusion:

● Visual (cognitive) fusion: Based on the specialist’s subjective comparison of 
images.

● Software-based fusion (rigid and deformable registration): Utilizes mathema
tical algorithms to align anatomical structures.

● Simulation in treatment position: For image-guided radiotherapy, acquisition is 
performed under conditions identical to those of treatment, minimizing spatial 
uncertainties.
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Advances, such as the use of digital detectors, time-of-flight (TOF) technology, 
and respiratory motion correction, have significantly improved spatial registration 
accuracy and image quality [28, 29].

5.2 Advantages of hybrid imaging compared to standalone modalities

The PET/CT combination overcomes the inherent limitations of each technique 
when used separately.

Its main advantages include:

● Greater diagnostic accuracy: Enables the correlation of functional findings with 
exact anatomical structures.

● Reduction of unnecessary studies: By integrating two modalities into a single 
session.

● Shorter examination time: Optimizes patient workflow.

● Improved therapeutic planning: Provides metabolic data for radiotherapy, sur
gery, or follow-up [28, 29].

Clinical studies have shown improvements in staging, changes in therapeutic 
approaches in over 25% of cases, and a higher detection rate of metastases compared 
to CT alone [30].

5.3 Impact on oncologic decision-making

5.3.1 Changes in staging or restaging

PET/CT has demonstrated superiority over conventional imaging in the staging 
of cancers such as lung, esophageal, colorectal, and lymphoma. Its ability to detect 
occult disease (nodal or distant) allows for the reclassification of the clinical stage in 
up to 30% of patients, directly impacting treatment selection [30, 31] (Figure 4).

5.3.2 Detection of occult metastases

Thanks to its high sensitivity, PET/CT can identify metastases that are not visible on 
CT, especially in bone marrow, small lymph nodes, or peritoneal structures. This is 
particularly useful in tumors such as melanoma, breast cancer, prostate cancer, or head 
and neck cancer, where it may help avoid unnecessary invasive procedures [32] 
(Figure 5).

5.3.3 Early metabolic response assessment

PET/CT enables early evaluation of therapeutic efficacy before morphological 
changes become evident. This is possible through the quantification of tumor 
metabolism (SUV) and the application of criteria such as PERCIST. In contrast to 
RECIST, which focuses on size, PERCIST detects functional changes that better 
predict survival and prognosis [33] (Table 2).
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For example, in the case of hematologic malignancies – primarily Hodgkin and 
non-Hodgkin lymphoma – 18F-FDG PET/CT is a fundamental tool for evaluating 
treatment response. The Lugano 2014 guidelines formally incorporate 18F-FDG 

Figure 4. 
PET/CT performed to evaluate a primary lesion, with findings related to another condition (lymphoprolifera
tive), and no evidence of neoplastic activity from the primary under investigation. Male patient, 42 year sold, 
with a history fright tibial enchondroma since 2014. A diagnostic protocol was initiated on 06/05/2025 with 
MRI reporting a proximal diaphyseal image of the right tibia, suggesting a possible diagnosis of enchondroma 
with post surgical changes; low-grade chondrosarcoma was considered for exclusion. a) Maximum intensity 
projection PET/18 F-FDG. b) Adenopathies in the right external iliac and inguinofemoral chains. c) Bone lesion 
in the proximal third of the right tibia, without aggressive features, consistent with the prior diagnosis of 
enchondroma (arrows). d) Increased metabolism in the bone marrow of the appendicular skeleton with 
a heterogeneous pattern and focal areas, some associated with subtle density changes, notably in the sternal 
manubrium (arrows) and left iliac bone (arrowhead).

Figure 5. 
Staging of prostate adenocarcinoma in a 65-year-old patient with gleason score 4 + 4 = 8 and PSA 88 ng/ml. a) 
Maximum intensity projection PET/CT PSMA. b) Top row: PET/CT showing areas of radiotracer uptake in 
the prostate. Bottom row: intraprostatic lesions not defined on CT. c) Top row: PET/CT showing radiotracer 
uptake in a right iliac lymph node. Bottom row: right iliac lymph node. d) Top row: PET/CT showing focal 
radiotracer uptake in the right iliac bone. Bottom row: no evidence of lesions on CT.
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PET/CT for staging and response assessment in FDG-avid lymphomas. The Deauville 
Scale (5-point) is also used to interpret visual metabolic uptake, comparing it to the 
mediastinum and liver (scores 1–5 or X) [34, 35] (Table 3, Figure 6).

5.3.4 Precise radiotherapy planning

In Radiation oncology, PET/CT enables:

● More precise delineation of active tumor volume (metabolic tumor volume, 
MTV).

● Identification of heterogeneous regions within the tumor that may benefit from 
focal dose escalation strategies (dose painting).

CRITERIA RECIST 1.1 PERCIST

Imaging

Complete response 
(CR)

Disappearance of all lesions 
No evidence of new lesions

Disappearance of all metabolically active lesions

Partial response 
(PR)Partial 
response (PR)

30% decrease in the sum of 
diameters of target lesions

30% decrease and a reduction of 0.8 units in SUL 
peak between the most intense lesion before and 
after treatment (not necessarily the same 
lesion).

Progressive disease 
(PD)

20% increase in the sum of 
diameters of target lesions

30% increase and 0.8 units in SUL peak, or new 
lesions, or 75% increase in total lesionglycolysis

Stable disease (SD) Neither partial response nor 
progressive disease

Neither partial response nor progressive disease

Table 2. 
Most commonly used response criteria in oncology. 

Deauville 
score

General interpretation (CMR, PMR, etc.)

1 No abnormal uptake → Complete metabolic response (CMR)

2 Uptake ≤ mediastinum → Complete metabolic response (CMR)

3 Uptake > mediastinum but ≤ liver → Complete metabolic response (CMR), depending on 
clinical context

4 Moderately higher than liver → Partial metabolic response (PMR) or metabolic progression*

5 Markedly higher uptake or new lesions → Metabolic progression

Table 3. 
Response Assessment in Lymphoma. 
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● Reduced toxicity by avoiding the irradiation of uninvolved healthy tissue.

● Respiratory-synchronized acquisition (gating) is used to minimize blurring in 
mobile tumors, such as those found in the lungs.

Its implementation enhances the efficacy and safety of radiotherapy, with an 
increasingly adaptive and personalized approach [31, 32]

6. Conclusions

For many years, the imaging-based diagnostic approach in oncology has been 
complex. Computed tomography (CT) has played a fundamental role in the initial 
evaluation due to its accessibility and relatively low cost. However, it presents 
certain limitations, making it necessary to complement it with functional, metabolic, 
or molecular studies such as PET, resulting in a hybrid PET/CT scan that provides 
both functional and anatomical information in a single examination. PET/CT is 
crucial for staging, assessing treatment response, prognostic evaluation, detecting 

Figure 6. 
Response assessment in a patient diagnosed with large b-cell non-hodgkin lymphoma. a) Baseline study: 
maximum intensity projection PET/18F-FDG showing evidence of mediastinal lymphadenopathy. b) Interim 
study after 4 cycles of chemotherapy: decreased metabolic activity in mediastinal lymphadenopathy. Deauville 
score 2. c) End-of treatment study: No evidence of hypermetabolic lesions. Deauville score 1, indicating complete 
metabolic response.
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recurrence, and therapeutic planning. It has become an essential tool in precision 
medicine. Through the use of various radiopharmaceuticals, PET/CT enables the 
identification of different metabolic and molecular pathways of the tumor. When 
applied appropriately and in the correct clinical context, it optimizes decision- 
making and improves prognosis for cancer patients.
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Appendices and nomenclature

PET Positron emission tomography
CT Computed tomography
PET/CT Positron emission tomography/computed tomography
FDG Fluorodeoxyglucose
PSMA Prostate specific membrane antigen
SUV Standardized uptake value
TLG Total lesion glycolysis
MTV Metabolic tumor volume
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Computed tomography has advanced rapidly through innovations that improve image 
quality while reducing radiation dose. AI-enhanced reconstruction yields sharper, 

cleaner images, whereas photon-counting detectors enhance tissue characterization 
and diagnostic accuracy. Ultra-low-dose protocols, spectral imaging, and faster 

scanning techniques are expanding clinical use and improving efficiency, particularly 
in emergency care. These developments strengthen CT’s role as a safer, more precise, 

and more effective tool in modern medical practice.
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