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HYBRID IMAGING: A NEW FRONTIER IN 
MEDICINE 
 
Abstract 
 
 Medical imaging facilitates the 
visualization of the internal organs and 
tissues in the human body. It helps to 
monitor the anatomy, morphology, and 
physiology of the body, and diagnose any 
abnormalities. There are several imaging 
techniques which are being used for many 
decades such as ultrasonography, X-ray, 
positron emission tomography (PET), 
magnetic resonance imaging (MRI), 
computed tomography (CT), and single-
photon emission computed tomography 
(SPECT). These imaging techniques offer a 
wide range of application ranging from 
diagnosis of cancer, neurological disorders, 
cardiovascular disorders, bone defects, 
gastrointestinal disorders, planning of 
radiation therapy for cancer, monitoring 
treatment progress and many others. 
However, these techniques have certain 
limitations which has led to the fusion of 
multiple imaging modalities. These hybrid 
imaging techniques provide better reliability, 
high resolution images, and detailed 
information while ensuring safety, 
specificity, and sensitivity. This chapter 
provides information on some of the hybrid 
imaging techniques used in modern 
medicine.  
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I. INTRODUCTION  
 

Hybrid imaging is the amalgamation of two or more imaging techniques to create a 
multi model imaging technique. Hybrid imaging plays an important role in non-invasive 
diagnosis and treatment. These techniques employ a modified working principle which 
compliments one another to produce high resolution and detailed images [1]. Hybrid imaging 
involves combinations of anatomical imaging (ultrasound with MR or CT imaging), as well 
as combination between anatomical and molecular imaging (SPECT or PET) modalities. The 
application of these hybrid modalities is dependent on the availability of instruments, 
reliability of results, effectiveness of the instruments, trained operators with interpretation 
expertise. Single imaging modalities, such as ultrasound (US), X-rays, computed tomography 
(CT), magnetic resonance imaging (MRI), positron emission tomography (PET), and photon 
emission computed tomography (SPECT) are used for different clinical diagnosis and 
provide information on the location of a lesion, stage of cancer, blood flow, and soft tissues. 
The use of diverse imaging modalities on the same organs delivers diverse information. 
Hybrid imaging plays an important role in disease diagnosis as it provides anatomical and 
functional information about the same organs [2]. The fused image obtained by a hybrid 
imaging technique should fulfill the following requirements: (a) it should not have 
registration issues (b) it should preserve the detailed information of the input images, and (c) 
it should not have dots or scratches or other irregularities [3]. Different studies have 
suggested the importance of hybrid imaging  research.  

 
There are various studies which review hybrid imaging techniques and their 

classifications [4,5]. Each medical imaging technique has its individual characteristics, 
information, wavelength, and frequencies [6]. The magnetic field created by the MRIs 
triggers the protons in the body to align. The high-frequency range of CT and X-ray imaging 
methods makes them extremely radiative. Gamma rays used in PET and SPECT imaging 
have lower wavelength and higher frequency. It detects bioactivity in different organs. The 
X-ray, PET and CT scans are based on ionization, whereas the MRI and US are non-
ionization-based [7]. Furthermore, each technique has its own image acquisition process. The 
X-ray, US, and CT produce images using internal sources whereas the SPECT, PET, and 
EMG use external sources.  

 
The fusion of images requires combining two or more images obtained by using the 

same technique or by combination of techniques [8]. This step plays a major role in obtaining 
the required information from the input images. For example, SPECT and PET produce 
pseudo-color images with high spatial resolution which gives information about blood flow, 
soft tissues, and metabolism changes in the body, whereas US, MRI, and CT produce 
grayscale images with low spatial resolution which provide anatomical information of the 
body. To obtain hybrid imaging or fused imaging the input images are decomposed to 
acquire their coefficients utilizing proper fusion rules. These wavelet coefficients are 
processed by applying appropriate wavelet families and decomposition rules. Selection of 
low number of scales leads to loss of image information, whereas selection of high number 
of scales leads to blurriness of the image. Throughout the image fusion procedure, it is 
important that the fused image should not miss any information which was present in the 
input images, and there must not be any additional information which was absent in the input 
images. In a hybrid imaging technique firstly the desired organ of interest must be selected. 
Secondly, suitable imaging techniques should be selected. Validation of the fusion algorithm 
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is necessary using performance measures. Consequently, an inverse action is employed to 
achieve the final fused image [9-12].  

 
With further research in hybrid imaging, these technologies may be adapted for a 

wide spectrum of applications, which may have seemed impossible before the development 
of such prototype systems. Diagnostic field will have means to diagnose and monitor 
different complex diseases and will lead ways to provide healthcare solutions.  
 
II. PET-CT  
 

Positron emission tomography (PET) is a non-invasive imaging test that helps to 
detect abnormalities in the biochemical or metabolic functions inside the body. PET imaging 
involves injecting a positron emitting radioactive tracer into the veins. The tracer undergoes 
systemic distribution inside the body and accumulates in areas of the body with elevated 
levels of biochemical and metabolic activities. Computed tomography is another non-
invasive and painless imaging technique that uses advanced X-ray equipment which takes a 
series of detailed images of bones, soft tissues, organs, and blood vessels inside the body. X-
ray scans produce flat 2-D images where the body structures might overlap whereas CT 
scans revolve around the body and produce dozens of clear images without any overlapping. 
PET-CT hybrid imaging is the combination of both techniques which provides detailed and 
clear images of the affected regions. There are varieties of PET-CT scans which use various 
isotopes for detection, for example F18 FDG PET-CT [13,14], PSMA PET-CT [15,16] 
Cerianna (18F-FES) [17,18] and NetSpot (Gallium Ga 68 Dotatate) [19,20].  
 
1. Procedure 

 
 

Figure 1: 56-year-old man with locally advanced ductal adenocarcinoma of the pancreatic 
head at initial staging. Fused 18F- fluorodeoxyglucose (18F-FDG) PET/CT images in the 
axial (A),coronal (B) and sagittal (C) planes show intense focal tumoral uptake of 18F-FDG 
(arrowheads).  
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At the beginning of a PET-CT, a radioactive sugar molecule called tracer is 
injected into the system. At the time of injection, it is important to ensure that the blood 
glucose level should be less than 200 mg/dL [21,22]. It takes about 30-60 minutes for the 
tracer to accumulate in the area of interest. The most commonly used sugar molecule is 
18F-fluorodeoxyglucose (FDG). A CT scan is performed first which takes approximately 
2 minutes and subsequently a PET scan is performed which takes about 20-30 minutes. 
Sometimes the PET scan is again followed by a CT scan with intravenous contrast. A 
PET-CT scan may be followed by other procedures and additional tests depending on the 
disease or condition. Some studies revealed contrast enhanced FDG PET/CT permits 
better and more accurate evaluation of distant metastasis [23]. Some other studies also 
indicated the prospects of using delayed FDG PET/CT images [24]. An example of 18F 
FDG PET-CT scan displaying advanced ductal adenocarcinoma is shown in Figure 1.  

 
2. Application of PET-CT Scan: A PET-CT hybrid scan has a wide array of applications. 

Some of them are as follows:  
 
 Diagnosis of cancer and detection of cancer relapse – It helps in detecting the initial 

staging in cancer and a relapse in a patient [25].  
 Detection of cancer metastasis - FDG PET/CT can be used to detect distant 

metastases effectively in most studies, with a specificity range of 55% to 100% and 
sensitivity range of 85% to 89% [26,27].  

 Planning a treatment - 18F-FDG PET/CT is useful in determining the active tumor 
volume in case radiation therapy or surgery planned [28].  

 Selection of biopsy site - 18F-FDG PET/CT helps in choosing a biopsy site [29].  
 Monitoring heart condition - PET/CT enables imaging of molecular developments 

within very small structures, such as the heart valves or the coronary arteries [30].  
 Monitoring brain function and abnormalities – It helps detect and monitor brain 

abnormalities [31].  
 Diagnosis of bone disorders – PET-CT scan is an important tool to identify bone 

infections and prosthetic joint infections [32,33].  
 Diagnosis of infections and inflammations – It is also used to detect inflammations, 

fever, and infections in different parts of the body [34,35].  
 
3. Advantages of PET-CT 

 
 PET-CT scans have a high degree of accuracy as both the scans are carried out at the 

same time without moving the patient, thus reducing any chance of error.  
 The combination of the two techniques allows a greater level of precision in 

diagnosis.  
 It helps in detecting the early onset of a condition which allows the doctors to plan a 

treatment accordingly.  
 It helps to identify irregularities at a cellular level.  
 It is convenient for the patients as both the scans are carried out simultaneously.  

  
4. Drawbacks of PET-CT 

 
 PET-CT scans can be time consuming. The radiotracer requires time to accumulate in 

the desired area of interest.  
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 PET-CT scans are risky in diabetes patients as elevated blood glucose levels may 
negatively impact the results.  

 The radiotracer is susceptible to quick decay; hence it becomes imperative to inject 
the molecule carefully and on schedule.  

 The radiotracer injection might cause redness and pain.  
 In some rare cases radiotracers might cause allergic reactions.  
 It exposes the patient to a low level of radiation.  
 PET-CT scans are not commonly used in pregnant women due to risk of radiation 

exposure in the fetus [36]. 
 
III. PET-MRI  

 
PET-MRI is a hybrid technique that converges positron emission topography with 

magnetic resonance imaging. PET is a functional imaging technique whereas MRI is a soft 
tissue morphological imaging technique [37]. As discussed earlier, PET imaging requires a 
tracer which accumulates at the site of interest and helps to create clear images. On the other 
hand, MRI scans utilize a strong magnetic field to create comprehensive images of the 
body’s internal structures. Shao et al. [38] developed the first hybrid PET-MRI detector in 
the late 1900s by placing scintillation crystals inside a 1.5T MRI scanner which was coupled 
to optical fibers resulting in traditional photomultiplier tubes outside the fringe magnetic 
field. Pichler et al. took a different approach and replaced the photomultiplier tubes with 
avalanche photodiodes to assemble a PET system which was compatible to MRI [39]. The 
first hybrid PET-MRI system involving avalanche photodiodes was developed recently for 
preclinical and clinical purposes [40,41]. PET-MRI offers substantial benefits, like 
outstanding resolution and contrast, 3D images and lowered ionizing radiation, compared to 
PET-CT.  

 
1. Working of PET-MRI 

 

 
 
Figure 2: (a and b) A tumor of the fossa of Rosenmüller. (a) The small volume lesion is 
difficult to see on the T2 axial image, (b, white arrow) but demonstrates the uptake on the 
FDG PET/MRI image. 

 
The PET-MRI procedure is similar to PET-CT. Initially, a radiotracer is injected 

into the vein of the patient. The affected cells absorb the radiotracer, and these areas look 
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brighter during the scan. After the radiotracer accumulates in the desired area, the patient 
is made to lie down in the machine couch, which moves through the PET-MRI machine. 
As the patient moves through the machine, it takes images of the desired part of the body. 
In certain cases, the machine also scans the entire body and produces images [42]. Figure 
2 demonstrates a PET-MRI image of a fossa of Rosenmüller tumor.  

 
2. Applications of PET-MRI: PET-MRI scans are evolving as an important imaging 

technique in the present age of medicine. Some of its important applications are as 
follows:  
 
 Detection or tumor – It is used in detection of extramedullary diseases, bone 

metastasis and multiple myeloma [43].  
 Detection of neurological disorders – It is helpful in detecting epilepsy and other 

neurodegenerative diseases [44].  
 Cardiac imaging – It can be used to monitor cardiac conditions [45].  
 PET-MRI fuses the metabolic details of PET with the anatomical information 

provided by MRI offering better diagnosis and treatment plan.  
 PET-MRI images are of superior quality. It produces 3D images which are more 

detailed and clearer.  
 Since both PET and MRI scans are taken by a single machine, it is considered 

convenient.  
 It uses lower levels of radiation as compared to PET-CT [46].  

 
3. Drawback of PET-MRI  

 
 It is expensive compared to PET-CT.  
 It takes longer than a PET-CT scan. A PET-CT scan takes about 30 minutes whereas 

a PET-MRI scan takes about 2 hours or more.  
 The scanning procedure is complex and requires a considerable amount of expertise 

[46].  
  
IV. MRI-CT 
 

Computed topography and magnetic resonance imaging are consistently used in 
radiologic assessment. MRI-CT is commonly used in planning radiation therapy (RT) for 
cancer treatment [47]. Magnetic resonance imaging -guided RT (MRIgRT) integrates MR 
imaging before and during radiation therapy. This provides high contrast of soft tissue 
images and other useful information. It enables doctors to identify the target before starting 
radiation therapy and track the stages of tumor during treatment [48]. However, MR images 
do not provide electron density information, hence, MRI images are converted to synthetic 
computed tomography (sCT). As modified CT-MRI instruments have not been developed, 
sCTs obtained from MRI images extend excellent assistance in planning and executing 
radiation therapy in cancer patients.  
 

1. Working of MRI-CT: The sCT images are generated from MRI data using 3 methods – 
learning based, atlas-based, and segmentation-based. In the segmentation-based method, 
the MRI images are segmented into identified tissues and a CT value is assigned to each 
tissue. The precision of this method is dependent on the precision of segmentation. 
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Inaccurate assumptions of the tissue results in abnormal CT values. In the atlas-based 
method displacement vector field (DVF) involving new MRI scans and pre collected atlas 
values are calculated. These DVF values are applied to the CT images to obtain the sCTs. 
The precision of this method is dependent on the precision of the deformable registration. 
In the learning-based methods like deep learning, dictionary learning and random forest 
the integral correlations existing between MRI and CT images are demonstrated. Such 
correlations can be obtained mathematically or concluded by machine learning from data 
sets of MRI-CT images [49,50,51,52].  

 
2. Application of MRI-CT Planning radiation therapy - MRI-CT is widely used in planning 

radiation therapy in cancer patients [53].  
 
 Monitoring therapy – It is used to monitor the progress in radiation therapy at 

different stages of treatment [54].  
 Altering therapy – MRI-CT detects failure in treatment plan and allows alterations in 

the treatment [53].  
 

3. Advantages of MRI-CT: It is useful in planning and executing appropriate radiation 
therapy targeting specific cancer sites. 
  
 It offers the electron density information required for correct dose calculation in 

cancer treatment.  
 It provides high contrast images of the soft tissues and functional areas in the cancer 

affected regions [49].  
 

4. Drawback of MRI-CT The accuracy of an sCT obtained from MRI depends on the 
method employed. It might result in an incorrect sCT owing to miscalculations [56].  The 
method of obtaining an sCT from an MRI is complex [56].  

 
V. SPECT-MRI  
 

Single-photon emission computed tomography (SPECT) is an imaging technique 
which uses gamma rays. It produces 3D images of the tissues using a gamma camera [56]. 
Similar to PET scans, a radioactive tracer is injected into the veins of the patient which 
travels to the affected tissue and gets accumulated. In contrast to PET, the radioactive tracers 
used in SPECT emit gamma radiation that can be measured directly. SPECT allows the 
clinician to assess the perfusion and functionality of specific tissues. SPECT images can 
provide information about the tissue functionality and physiology [57]. SPECT in 
combination with MRI is used as a hybrid technique in preclinical applications in small 
animals. SPECT provides tomographic images by measuring the intensity of γ-radiation 
radiated by the radio-nuclei supplemented to compound molecules present in a sample. MRI 
systems use signals emitted from the atomic nuclei which interacts with the magnetic field to 
produce tomographic images. An amalgamated SPECT/MRI system was first proposed by 
Breton et al. in 2007. He used an individual pinhole SPECT system together with a 0.1-T 
magnet [58].  
 
1. Working of SPECT-MRI In line SPECT-MRI systems – This approach involves 

mounting the SPECT and MRI systems back-to- back on a platform. This allows to 



Futuristic Trends in Pharmacy & Nursing 
e-ISBN: 978-93-6252-111-8 

IIP Series, Volume 3, Book 5, Chapter 26 
HYBRID IMAGING: A NEW FRONTIER IN MEDICINE  

 

Copyright © 2024 Authors                                                                                                                       Page | 277 

obtain images from both SPECT and MRI one after the other in a short span of time. 
SPECT insertions in MRI systems have been developed to perform simultaneous SPECT 
and MR scans [59,60]. These systems have a fixed detector set-up and MRI-compatible  
 
Side by side SPECT-MRI systems – In this approach the SPECT and MRI systems are 
positions side by side and the animals are shifted from one system to another after 
imaging. The animals are gently fixed to the bed using tape to prevent movement. Such 
systems require beds that can be efficiently installed on different scanners. Spatial 
coregistration is achieved by using multimodal reference markers  

 
The current preclinical models of SPECT-MRI employ 2 approaches of producing 

images in small animals. detectors and collimators. However, these systems are in early 
development stages. attached to the animal/bed or a predetermined transformation matrix 
[61,62].  

 
2. Applications of SPECT/MRI: There are various preclinical applications of combined 

SPECT / MRI. Some of the main applications include:  
 
 Imaging of targets and probes – It can be used to produce images of the target tissues 

and the probes used for diagnosis or treatment [63,64,65].  
 Tumor imaging – It produces detailed images of the tumor sites [66,67].  
 Preclinical studies in small animals with neurodegenerative diseases – It can be used 

to monitor neurodegenerative diseases such as Alzheimer’s or Parkinson’s disease 
[68].  

 Preclinical studies in small animals with cardiac diseases – It can be used to monitor 
heart conditions, such as, blood flow or blockage of arteries in the heart [69, 70].  

 Biodistribution studies – It can help in studying the biodistribution of a drug inside 
the body without sacrificing large number of animal models [71,72].  
 

3.  Advantages of SPECT/MRI  
 
 It can provide both morphological and functional data.  
 It has better spatial and temporal resolution  
 It is available in different configurations and produces trans-axial views, which 

permits imaging of varied range of small animals [73].  
 
4. Drawbacks of SPECT/MRI  

 

 Absence of synchronous SPECT-MRI for clinical studies results in individual and 
separate imaging by SPECT and MRI which is time consuming.  

 The use of separate modalities of SPECT-MRI instead of an integrated system 
hampers the quality of images [73].  
 

VI. SPECT-CT  
 

SPECT-CT is an amalgamation of functional single photon emission computed 
tomography and anatomical computed tomography imaging. The conjunction of SPECT with 
CT permits spatial overlay of data obtained from SPECT on anatomical images obtained 
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from CT. Installing diagnostic CT components into the SPECT/CT system makes the 
equipment cost efficient. The benefits of combining the two modalities are numerous. It not 
only improves specificity and sensitivity but also leads to better treatment monitoring and 
staging. The first commercial SPECT/CT hybrid model as a single unit was the GE 
Millenium™ hybrid SPECT/PET/CT, camera equipped with HawkEye™ single-slice CT. 
This model was the commercial execution of the successful research carried out by late 
Hasegawa et al. [74,75]. The hybrid imaging system such as SPECT-CT allows complete 
registration between images obtained from independent imaging technologies and produces 
high quality 3D images. The direct planar imaging technology involved in such systems can 
produce images of specific regions or the whole body to create bone scans as demonstrated in 
Figure 3  

 
Figure 3: Whole body scan using 99mTechnetium-methylene diphosphonate (99mTc-MDP) 

showing involvement of Paget’s disease [76]. 
 
 

1. Procedure: SPECT-CT also requires injection of a radioactive tracer. The most 
commonly used tracer in SPECT-CT scans is Technetium-99m (Tc-99m) [77]. The 
integrated SPECT-CT system is a large circular device with an embedded camera. After 
the tracer is accumulated in the area of interest the patient is made to lie down inside the 
device which rotates around the body and clicks pictures of the internal organs. SPECT-
CT systems employ single head cameras which are rotated around the patient to create an 
image, or dual headed cameras which independently obtain data from its field of view. 
Initial SPECT systems applied ‘‘image fusion technology” where images from SPECT 
and CT are fused separately, while current SPECT/CT systems have inbuilt CT  systems 
allowing automatic image fusion and suitable tomographic correction. In some cases, 
99mTc can be used in combination with biologically active compounds to track various 
physiological activities inside the body. 67Ga attached to specific compounds is used to 
monitor sites of chronic infections. Gallium 67 is specifically useful in imaging 
osteomyelitis excluding the spine. 111In attached to platelets can be used to detect 
thrombus. It can also be labelled with proteins or peptides to detect rare forms of cancer. 
133Xe in the gas form is used for respiratory studies and for cerebral blood flow [78].  
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2. Applications of SPECT-CT 
 
 Diagnosis of neurological disorders – SPECT-CT is used to differentiate between 

Parkinsons and other neurological disorders [79]. It also helps in diagnosis of 
cognitive impairment in the brain [80].  

 Diagnosis of endocrinological disorders – It is used to diagnose hyperparathyroidism 
and parathyroid adenoma (PTA). The reported detection rate of PTAs using SPECT-
CT ranges from 90 to 96% [81,82,83].  

 Diagnosis of cardiovascular diseases – It is useful in the diagnosis of coronary artery 
disease. It detects the presence of coronary artery calcification (CAC) which is an 
indication of coronary atherosclerosis [84,85,86,87].  

 Diagnosis of pulmonary embolism – SPECT-CT can detect acute and chronic 
pulmonary embolism [88,89,90].  

 Monitoring of non-embolic diseases - It also helps to monitor non-embolic diseases 
such as regional changes in asthma, estimate regional lung function, optimization of 
radiotherapy in lung cancer, monitor lung function, assess irregularity of ventilation 
in emphysema patients [91].  

 Diagnosis of bone diseases – It helps in the assessment of arthropathies [92]. It helps 
in detecting occult fractures and post-traumatic bone remodeling [93].  

 Diagnosis of inflammation - SPECT–CT is applied in imaging of inflammation and 
infection [94].  

 Diagnosis of cancer – It is useful in diagnosis of cancer, planning and management of 
radiation therapy and continuous assessment of different stages of cancer [95,96,97].  

 Diagnosis of gastrointestinal disorders – It helps to diagnose GI injuries and bleeding 
[98]  
 

3. Advantages of SPECT-CT 
 
 It provides functional as well as anatomical data.  
 It has a wide array of applications from diagnosis to monitoring of various diseases.  
 It has improved localization properties.  
 It has better specificity.  
 It is highly sensitive.  
 Integration of two modalities makes it cost effective.  
 

4. Drawbacks of SPECT-CT 
 
 It requires a long scan time.  
 Improper positioning of the patient may lead to erroneous results.  
 Spatial misalignment of the two modalities may lead to inaccurate findings [99].  

 
VII. ULTRASOUND-CT/MR  
 

Ultrasound (US) is another non-invasive imaging technique that displays internal 
body structures like organs and soft tissues in pictures or real time videos using high intensity 
sound waves with frequencies greater than 20kHz. The picture obtained from an ultrasound 
is called a sonogram. Unlike other techniques like X-rays, it does not employ radiation for 
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imaging [100]. Ultrasound is used for prenatal imaging and diagnostic imaging. In prenatal 
imaging ultrasound is used to monitor the growth of the fetus, detect complications, and 
diagnose any abnormalities in the fetus [101]. Diagnostic ultrasound imaging is used to 
diagnose abnormalities in different parts of the body, for example, detection of kidney 
stones, liver disorders, cancerous growth etc. [102,103]. However, ultrasound cannot produce 
accurate images of the areas that are obstructed by vapor or air like intestines. It is also 
ineffective in producing images of the areas that are hidden under bones such as lungs or 
head or areas located deep in the body [104]. During such situations a CT or MRI scan is 
recommended by the doctors. In many cases real time-fusion of sonography with CT or MR 
images is proposed.  
 
1. Procedure: The hybrid fusion imaging technique applies different tracking methods. The 

3 major tracking methods are optical, electromagnetic (EM), and image-based [105]. 
Optical tracking is generally used in surgical procedures, EM tracking is broadly used for 
ultrasound-guided hepatic interventions and image-based tracking is used in vascular 
interventions. The general process of image fusion is as follows: Firstly, prior diagnostic 
MR or CT data were obtained and fed to the fusion system. Secondly, the MR or CT 
images that clearly exhibited both the target area and the surrounding anatomical 
landmarks were chosen by a radiologist. Lastly, co-registration was performed by 
positioning auto registration software (Samsung RS80A) utilizing a magnetic field 
generator. Two electromagnetic position sensors were linked to a position sensing unit. 
These were attached to a convex array transducer via a bracket. After an effective image 
fusion and registration was achieved, the registered CT/MRI images were concurrently 
shown along with the relevant ultrasound sectional plane [106].  

 
2. Applications of US-CT/MR  

 
 US-CT/MR is used for transcutaneous hepatic intervention such as radiofrequency 

ablation (RFA) and biopsy [107].  
 It is used for percutaneous image-guided biopsy [106].  
 US-CT/MR hybrid imaging is used to monitor breast cancer [107].  
 US-CT/MR fusion imaging helps in the diagnosis and localization of lesions with low 

detection range.  
 It is helpful in detection of cystic and renal lesions [108].  
 It can be used to perform drainage of pancreatic necrosis [109].  

 
3. Advantages of US-CT/MR  

 
 The success rates of biopsy were significantly higher in the fusion-guided biopsy 

compared to conventional US-guided biopsy [106].  
 The fusion-guided biopsy demonstrated reduced biopsy procedure times [106].  
 It is particularly beneficial in diagnosis and monitoring of hepatic disorders.  

 
4. Drawbacks of US-CT/MR  

 
 It requires to synchronize the static images obtained from a CT or MR scan with the 

changing position and breathing motion of the patient [110]  
 Fusion of US-CT/MR techniques might lead to mistargeting a lesion [111].  
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 The periphery of the liver has very few anatomical landmarks. Thus, during fusion 
imaging any registration error particularly affects the peripheral areas of the liver 
[108].  

 Visualization of the pancreas requires application of pressure with a probe on the 
upper abdomen which displaces the overlying hollow organs. This can affect the 
fusion between the US and CT/MR images [112].  

 The synchronization between ultrasound and CT/MR image might exhibit 
discrepancies resulting in faulty data [113].  

 It requires longer examination time.  
 The fusion technique is expensive [114].  

  
VIII. CT-ANGIOGRAPHY  
 
 Angiography is a medical imaging technique which involves x-ray imaging to 
examine the blood vessels of the body especially in the heart chambers, veins, and arteries. 
The word angiography originates from the Greek words angeion meaning 'vessel' and 
graphein meaning 'to write, record'. The images produced during an angiography are called 
angiograms. CT-Angiography (CTA) is a fusion of computed tomography and angiography 
and magnetic resonance and angiography. The fusion of angiography with CT and MR 
enhances the image quality and widens the detection range. CTA produces axial, or 
horizontal images, of blood vessels for diagnosis by utilizing x-rays and other softwares. 
Different post-processing techniques are used to interpret CTA results, such as maximum-
intensity projections, multiplanar reformation, virtual coronary angioscopy or the 
angiographic view, and direct volume rendering [115]. CTA is progressively used to 
diagnose coronary disease or stable angina. Three common quality metrics required for a 
superior quality CT image in CT-Angiography are spatial resolution, temporal resolution, 
and volume coverage.  
 
1. Procedure: Before initiating the scan, a contrast material is injected intravenously which 

helps to produce better images. During the scan the patient is laid back on the CT 
examination table. The radiologist ensures that the patient is positioned correctly to 
obtain clear images. During the scanning procedure, the table is placed at the starting 
point of imaging which will slowly move through the opening of the machine as the scan 
progresses. The rotating device emits beams of X-rays from different angles which pass 
through the body into the area of interest to produce cross sectional images. These images 
are later assembled by a computer to create 3D images. The majority of CTA uses helical 
CT with constant table motion and gantry rotation. The helical pitch determines rotation 
time along with the table speed which in turn determines the speed at which the volume 
is to be scanned. The helical pitch must match the table speed during the initial 
circulation of contrast material through the area of interest. Acquisitions with very high 
table speed and helical pitch outrun the iodine bolus and miss to acquire data when the 
contrast enhancement is at its apex [116]. During CTA of the heart, electrocardiogram 
(ECG) leads (sticky patches) are placed on the patient’s chest to coordinate CT scanning 
with the heartbeats [117].  
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2. Application 
 
 It is useful to detect atherosclerotic plaques.  
 It helps in the detection of aneurysms.  
 CTA is used as a gold-standard for imaging the aorta [118,119].  
 CTA can be used for imaging pulmonary arteries [120]  
 CTA of the head and neck delivers high quality, 3D images to study cerebrovascular 

anatomy in any random plane [121].  
 CTA is used in the diagnosis of fibromuscular dysplasia (FMD).  
 CTA is used to acquire calcium scoring images without intravenous contrast. This 

allows optimal visualization and quantification of calcified plaque, which is a strong 
indicator of coronary artery disease [122].  

 It is also used to diagnose deep venous thrombosis and varicose veins [123].  
 CTA allows imaging of the renal arteries which are the common sites of 

atherosclerosis with associated aneurysms, stenosis, or occlusion [124].  
  
3. Advantages of CTA 

 
 CTA can eliminate the necessity of surgery.  
 It provides accurate anatomical details of the blood vessels.  
 It is noninvasive.  
 It is less time-consuming.  
 It can detect vascular obstruction and allow the physician to plan appropriate therapy 

[115].  
 

4. Drawbacks of CTA 
   
 It can cause allergic reactions to the contrast dye.  
 Contrast materials containing Iodine cannot be used in patients with kidney disorders.  
 It is not suitable for pregnant women.  
 Excessive exposure to radiation can increase the risk of cancer [115].  

 
IX.  CONCLUSION  
 

Extensive research is being carried out throughout the world to treat, monitor, and 
cure complex diseases such as, cancer, Alzheimer’s, Parkinsons, HIV etc. and to deal with 
novel diseases such as COVID-19. Treatment of such diseases requires persistent innovative 
approaches which demand the use of innovative technology, therapies, and novel drug 
molecules. Although new technologies are being developed, regulatory requirements 
mandate extensive clinical trials to be carried out for new drug molecules and devices before 
they can be marketed for use. While many hybrid imaging techniques are being developed 
for experimental purposes which offer immense potential, their incorporation into 
mainstream medical practice is slow. The hybrid imaging techniques that are currently being 
used for imaging like PET-CT, PET-MRI and SPECT-CT have revolutionized the diagnostic 
field. It produces detailed and high-resolution images of the affected areas which makes 
diagnosis and treatment planning much easier for the physicians, especially in diseases like 
cancer, neurodegenerative disorders, and cardiovascular disorders among others. In today’s 
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medical practice there are a few hybrid imaging techniques where two imaging devices are 
integrated together which makes imaging easier. However, development of such integrated 
devices is met with financial challenges, which in turn makes imaging using such devices 
expensive. In other cases, images produced by two different imaging devices are fused 
together using computer programs. Such image fusion techniques present the risk of 
erroneous results due to miscalculation while using the computer program. Furthermore, in 
both scenarios a well experienced technical operator is of prime importance to carry out the 
imaging process.  
 

In conclusion, hybrid imaging techniques play an important role in diagnosis, 
monitoring, and follow-up during treatment regime and further research, to develop cost 
effective, simple, and highly efficient hybrid imaging techniques is the need of the hour.  
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