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ABSTRACT
Since the development of computed tomography, non-invasive portrayal of coronary arteries has been a significant 
problem for imaging professionals (CT). The current clinical role of the CT examination of coronary arteries was 
gradually made possible by technological advancement along with advances in spatial, temporal, and contrast 
resolution. To increase spatial and temporal resolution, a number of technological advancements, including 
CT scanner hardware and software, have been made. At this time, radiation dose reduction, functional stenosis 
assessment, and plaque characterisation are the three key issues facing cardiac computed tomography (CCT). We 
will talk about current CCT standards and potential advancements in this review.
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Introduction
Since the development of computed tomography (CT), Imaging 
specialists have faced substantial difficulties in presenting coronary 
arteries because the coronary arteries of the heart, which beat fast, 
have a small diameter. Since the debut of the first generation of 
CT in 1972, numerous technological advancements have taken 
place. One of the most important developments was the increase 
in rotation speed, which resulted in better temporal resolution and 
spatial resolution along the z axis thanks to the use of submillimeter 
collimations with extended volumetric acquisitions. The first 
hopeful findings in the field of cardiology were attained with the 
advent of 16-slice CT scanners, followed shortly by 64-slice CT 
scanners [1].

Despite the fact that the two methods have different goals, invasive 
coronary angiography (ICA) and cardiac computed tomography 
(CCT) were initially contrasted. Despite ICA's higher spatial (0.1-
0.2 mm, 50 lp/cm) and temporal (20 ms) resolution, it is important 
to underline the unmistakable benefits of the non-invasive CCT 
technique [2].

The picture quality and resilience of CCT have been gradually 
implemented by technological advancement along with advances 
in spatial, temporal, and contrast resolution (Table 1). (Figure 1). 
Plaque characterization, functional research, and dosage reduction 
are the current CCT problems.

Methods 
The capacity to tell two nearby structures apart is referred to 
as spatial resolution. It is affected by a number of variables, 
including artifacts, filters, reconstruction parameters, detectors, 
thickness, and pitch. Inadequate spatial resolution may impair 
the ability to evaluate coronary arteries, particularly more distal 
(and hence smaller) branches, as well as to detect and quantify 
coronary stenosis. Inadequate spatial resolution can also lead 
to false positives and poor specificity can result from partial 
volume artifacts, which can also cause blooming aberrations and 
overestimation of coronary artery stenosis [3]. Spatial resolution 
was consequently the most important hardware problem to be 
solved in order to enable and then enhance the imaging of coronary 
arteries. One of the main elements that influence spatial resolution 
is detectors. Incoming photons that have already gone through the 
object being investigated are converted by the detector, an X-ray 
sensor, into an electrical signal that is picked up by a data-gathering 
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device. An analog-to-digital converter then collects, amplifies, and 
converts this signal into digital data [4]. After a complex series of 
mathematical calculations, the raw data will then be linked to the 
pertinent spatial position given by an axis system (x, y, and z) [4]. 
Slice thickness reflects the z axis' relationship to the longitudinal 
axis, the x and y axes' relationship to the transverse plane (i.e., 
axial), which reflects the sides of the pixel that make up a matrix, 
and the three voxel measurements together produce a three-
dimensional object. For measuring object dimensions, spatial 
frequency with the unit "line pairs per centimeter" is employed 
[5]. The global z-axis (or longitudinal) coverage increases with the 
number of detector rows, which relies on the detector's width and 
pitch. Fewer rotations are required to cover the heart volume as 
detector z-coverage increases [6].

The first significant advancement in CT cardiac imaging was the 
switch from 4- to 16-slice CT scanner detectors with improved 
collimation and z-axis coverage, as well as an increase in the 
minimum spatial resolution from 1 to 0.6 mm [7]. The detector 
rows grew in number during the ensuing years, a phenomenon 
known as "slice's war" [8]. Intended to increase the number 
of detector rows throughout the future years [8]. From 0.5 to 
0.4 mm in a 64-slice CT to a 128-slice scanner to 0.35 mm in 
a 320-slice CT scanner to 0.17 mm in a 640-slice CT scanner, 
the spatial resolution increased [7,9]. The use of a z-flying focus 
point technology is another benefit [8], Some manufacturers have 
developed a CT with 128 detector slices that produces a picture 
that is comparable to one with 256 slices (160 mm). For each 
projection, this approach permits the focal spot to change along the 
z-axis in order to produce two overlapping slices [10]. However, 
when the detector is very wide, the reconstructed object gradually 
deforms, starting out very mildly near the scanner's isocenter and 
increasing in severity as it approaches the edges of the field of view. 
It may seem straightforward to think that by simply raising the 
detector row count, the CT table might be moved without having to 
move the heart, but this is not the case (FOV). Despite the fact that 
correcting techniques have been developed over time, the majority 
of very wide detector scanners cannot employ the entire detector 
when utilized for conventional body CT applications, and this issue 
has not yet been entirely overcome. X-ray scatter is a challenge of 
increased detector z-coverage [6]. The similar problem exists with 
flat panel CTs (FPCT). The FPCT is characterised by a single big 
detector (composed of cesium iodide-based scintillation crystals 
and an amorphous selenium matrix), which allows for extensive 
z-axis coverage and has a matrix divided into 2048 × 1536 voxels, 
but has a low contrast resolution due to X-ray scatter [8]. Shorter 
breath-holding times are needed for cardiac scanning because 
to a significant increase in z-coverage since the introduction of 
the first 4-slice CT scanner. As a result, The CCT was no longer 
significantly constrained by the detector coverage. However, it 
should be noted that the number of heartbeats that contribute to the 
creation of the image declines as detector z-coverage increases. 
Additionally, the investigation of dynamic myocardial perfusion 
greatly benefits from a detector with a broad z-coverage [11]. The 
development of detectors has kept pace with CT technology to 
accommodate the rise in acquisition speed and tube peak power. 

Accuracy, dynamic range, stability, uniformity, speed of response, 
quick afterglow, resolution, geometric efficiency, detector 
quantum efficiency, and cross talk are some of the properties 
detectors need to have in order to produce acceptable diagnostic 
image quality [12]. The higher speed, performance, and power 
of the detector were necessary due to the increased gantry speed. 
The anode angle was increased, the focal spot's physical power 
density was increased, and the detector cells and focal spots were 
reduced to improve spatial resolution [13]. The in-plane spatial 
resolution of a CT system is dependent on both the overall number 
of active detector channels in a detector row and their participation 
[6]. The effects of detector size, which have been increasingly 
significant in spatial resolution, have been one of the main pillars 
for the technological development of CT in recent decades. More 
detectors are needed in the z-axis due to the larger area to cover 
and the requirement for sub-millimetric acquisitions [14]. Clinical 
detectors have had the same size for a very long time, measuring 
0.5–0.625 mm at the isocenter. Onishi et al. [15] assessed in-stent 
restenosis using a clinical CT scanner with energy integrating 
detectors of 0.25 mm diameter at the isocenter. To get a greater 
spatial resolution with a smaller detector, the focal spot size should 
be decreased [15]. Expanding the detector sampling is an additional 
method for enhancing spatial resolution [16-18]. Another need 
for the visualization of the coronary arteries is the isotropic sub-
millimetric spatial resolution [19]. The quantity of active detector 
channels and their participation determine the in-plane spatial 
resolution of a CT scanner. In order to quadruple the number of 
samples captured in the scan FOV and increase spatial resolution, 
modern CT scanners employ techniques like quarter detector 
offset or in-plane flying focus point. Reduced aliasing artifacts are 
achieved by using the quarter detector offset [19]. By adjusting the 
location of the focused spot in the anode plate, the in-plane flying 
focal spot may do twice as many samples [6]. An improvement in 
resolution along the z-axis was one benefit of 64-slice CT scanners 
over earlier models; in fact, even thinner collimated slices are now 
possible. For the examination of coronary arteries, this evolution 
was essential. Although coronary stenosis, by-passes, and cardiac 
anatomy can be reliably assessed, 64-slice scanners' spatial 
resolution was not optimal for a clinical examination of intra-stent 
lumen. McCollough and further [20] demonstrated with the aid of 
a phantom model that the use of blocking detectors in the direction 
of the fan angle, in combination with a longitudinal deconvolution 
method and iterative reconstruction, allowed for good longitudinal 
resolution and increased dose efficiency.

In-stent evaluation in CCT is still difficult, especially with 
tiny and hyper dense (i.e., stents (not fully expanded) (Figure 
2).Additionally, the detectors' makeup has evolved over time, 
and it has improved CT performance in recent years. At first, the 
detectors were mostly xenon gaseous detectors [21]. However, 
gaseous detectors have poor performance, therefore solid-state 
CT detectors are now the only ones in use. Ceramics constructed 
of CdWO4, yttrium, and gadolinium (Gd2O2S) can be used 
to create a solid-state CT detector [21], additionally, due to its 
conformation; it can be utilized in fourth-generation CT. A garnet-
based substance detector was one of many novel materials tested 
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to improve the effectiveness of the detectors. In comparison to a 
gadolinium ceramic detector, this one exhibits a reduction in noise 
and an improvement in spatial and temporal resolution along with 
a An afterglow that lasts 75% less time and has a 100-fold faster 
decay time (which is the rate of light emission after the stimulation) 
(defined as the amount of time required to reset the detector for a 
new excitation) [22]. Dual-energy computed tomography (DECT), 
which enables the simultaneous acquisition of different energy 
levels from an X-ray tube, can be performed using the garnet-
based detector [22]. In cardiac imaging, where accuracy and speed 
are crucial, these novel qualities can be employed. Furthermore, it 
has been shown that garnet-based detectors enhance the evaluation 
of coronary stents by minimizing artifacts [22].

The Photon-Counting Detector CT must be listed among the 
recent research topics (PCD). With its extremely high spatial 
resolution (33 line pairs per centimeter), PCD is a new technology 
that has potential uses in the cardiovascular area, particularly for 
stent imaging. It has an improved contrast-to-noise ratio and the 
capacity to eliminate electronic noise, beam-hardening, and metal 
artifacts [23]. Although larger matrix (1,0241,024, 2,0482,048) are 
now accessible, larger matrix (1,0241,024) have long maintained 
the normal 512512 size in the majority of clinical applications. 
However, larger matrix requires more time to reconstruct, transfer, 
analyze, display, and store data [15]. Additionally, iterative 
reconstructions and filtering kernels can both impact spatial 
resolution. In order to lessen the blurring that results from rear 
projection alone, convolution filters are used. Each convolution 
kernel builds a filtered profile by using the values of surrounding 
pixels. Generally speaking, there are three basic kinds of kernel 
filters: regular, smooth, and sharp. Spatial resolution and noise are 
influenced by the type of filter used; Spatial resolution improves 
with sharper kernels and worsens with smoother ones, despite the 
fact that noise increases with sharp kernels (Figure 1).

Figure 1: Right coronary artery multiplanar reconstructions with smooth 
(A) and sharp (B) filtering showing calcified plaques (B).

For coronary calcifications and in-stent assessment, a higher 
spatial resolution is necessary. Kernels are used in filtered back 

projection (FBP), although low dose operations, especially in 
obese patients, cause an increase in visual noise [24]. Additionally, 
assuming the other parameters remain constant, employing smaller 
slice reconstructions may improve spatial resolution but at the 
cost of increased noise [25,26]. Progressively reconstructive (IR) 
were created to lessen noise and enhance image quality [27,28]. 
After generating fresh projection data from the images obtained 
from the FBP, IR compares it to the original data and applies noise 
adjustments. Iterations of this method are repeated multiple times 
[24]. As shown in the Compared to IR, which maintains adequate 
image quality while reducing dose [29]. Yang et al. [30] shown 
that IR improved in-stent restenosis evaluation in high pitch dual 
source CT (DSCT), with greater specificity (82% vs. 62%) and 
positive predictive value (66% vs. 50%) compared to FBP.

Figure 2: Coronary artery tree map and iterative reconstructions on a 
cardiac CT scan are shown in (A), (B), and (C, D), respectively.

Schindler et al. [31] shown that, despite the possibility of risk 
reclassification in a small sample of people, Agatston score 
quantification is not different between FBP and IR with relation 
to the use of IR for coronary artery calcium measurement. As 
measured by the IR versus FBP algorithm, the Agatston, volume, 
and, to a lesser extent, mass scores were all decreased., however, 
according to other investigations [31,32]. Obtaining a high-quality 
CCT image in this population of obese patients can be difficult, and 
in general, more radiation is needed to make up for the increased 
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noise. In a regular protocol at 120 kV, Wang et al. [33] showed that 
IR provides for a maintained image quality with a noticeably lower 
radiation dosage (4.410.83 vs. 8.831.74 mSv) in obese patients.

As previously mentioned, IR has a number of benefits, such 
as reduced noise and radiation dose (Figure 2), but it also has 
certain drawbacks. Although they have gotten faster recently, the 
reconstruction processes take longer. Additionally, because IR 
images have a different aspect, they could lead to certain diagnostic 
errors in operators without enough training [28].

Another factor in spatial resolution is the pitch, which is calculated 
by dividing the amplitude of the detectors by the rate of the CT 
table's movement per gantry revolution [34]. Cardiovascular 
imaging in spiral mode requires low pitch since higher pitch 
causes gaps and high-quality 3D images with few artifacts require 
data overlap; a typical CCT pitch is between 0.2 and 0.4 depending 
on the patient's heart rate throughout the scan [14]. The possibility 
that the optimal phase—i.e., the phase of the cardiac cycle with the 
least amount of residual motion—will be identified and used for 
coronary artery assessment increases as well with a low pitch since 
it increases CT data redundancy along the cardiac cycle. However, 
one must always keep in mind that for pitch, a low an average larger 
radiation dose is required. In conclusion, coronary stent evaluation 
has issues because of their tiny size and the hyperdense. Substance 
they are made of; blooming artifacts result in false positives and 
have a reduced specificity. The hardening of the beam on the 
detector is caused by the presence of high-density structures. 
The best method for eliminating stent evaluation artifacts is still 
increasing spatial resolution; thin acquisition layers and a limited 
field of view are essential. Sharp kernels, IR, and DECT can all 
enhance in-stent examination [35].

Main the factors that affect CCT's spatial resolution and prospective 
advancements are listed in Table 1.

Conclusion 
We concentrated on the most recent methods for spatial 
improvement in this review. Although CCT produced excellent 
anatomic imaging results, revascularization of coronary artery 
stenosis and its functional significance should be addressed with 
hardware and software solutions.
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