
123

Brain and spinal cord

Hongjun Li
Jian Wang
Xuening Zhang
Editors 

Radiology of Infectious 
and Inflammatory 
Diseases - Volume 1



Radiology of Infectious and Inflammatory 
Diseases - Volume 1



Hongjun Li  •  Jian Wang  •  Xuening Zhang
Editors

Radiology of Infectious  
and Inflammatory  
Diseases - Volume 1
Brain and Spinal Cord



Editors
Hongjun Li
Capital Medical University
Beijing You An Hospital
Beijing, China

Xuening Zhang
Department of Radiology
The Second Hospital of Tianjin Medical 
University
Tianjin, China

Jian Wang
Medical Imaging Center
First Affiliated Hospital of Xinjiang Medical 
University
Urumqi, China

Shanghai Universal Medical Imaging  
Diagnostic Center
Shanghai University
Shanghai, China

ISBN 978-981-99-0038-1        ISBN 978-981-99-0039-8  (eBook)
https://doi.org/10.1007/978-981-99-0039-8

© Science Press 2023
This work is subject to copyright. All rights are reserved by the Publishers, whether the whole or part of the material 
is concerned, specifically the rights of reprinting, reuse of illustrations, recitation, broadcasting, reproduction on 
microfilms or in any other physical way, and transmission or information storage and retrieval, electronic adaptation, 
computer software, or by similar or dissimilar methodology now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication does not 
imply, even in the absence of a specific statement, that such names are exempt from the relevant protective laws and 
regulations and therefore free for general use.
The publishers, the authors, and the editors are safe to assume that the advice and information in this book are believed 
to be true and accurate at the date of publication. Neither the publishers nor the authors or the editors give a warranty, 
expressed or implied, with respect to the material contained herein or for any errors or omissions that may have been 
made. The publishers remain neutral with regard to jurisdictional claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Singapore Pte Ltd.
The registered company address is: 152 Beach Road, #21-01/04 Gateway East, Singapore 189721, Singapore

Jointly published with Science Press 
The print edition is not for sale in China (Mainland). Customers from China (Mainland) please order the print book 
from: Science Press.

https://doi.org/10.1007/978-981-99-0039-8


v

With the rapid development of modern society and economy, people’s lifestyles and popula-
tion mobility have changed, and the impact of infectious and inflammatory diseases on human 
survival and socio-economic development has become increasingly significant. The National 
Health Commission has issued a document emphasizing the need to establish infectious dis-
ease departments and infection control offices in hospitals above the second level nationwide, 
placing unprecedented emphasis on the danger of infectious diseases to human health. In the 
past 30 years, the development of medical imaging diagnosis and treatment technology has 
greatly contributed to the change of modern diagnosis and treatment mode. The high reliance 
of modern medicine on medical imaging technology has given the medical imaging profession 
an important mission in the field of diagnosis and differential diagnosis of infectious and 
inflammatory diseases.

In the course of long-term clinical practice and scientific research, my team and I realized 
that it had seriously affected the quality of patient care and outcomes, caused the misuse of 
clinical antibiotics, affected patient health and quality of life, and increased the economic bur-
den on families and society because of the neglect and lack of research on the construction of 
a key disciplinary system, systematic theoretical system, and standardized guidelines for infec-
tion and inflammation diseases. Based on the above considerations, this book brings together 
the Infectious Diseases Group of the Radiology Branch of the Chinese Medical Association, 
the Infection Imaging Committee of the Radiologists Branch of the Chinese Medical 
Association, the Infection and Inflammation Radiology Committee of the Chinese Society of 
Research Hospitals, the Infection (Infectious Diseases) Imaging Working Committee of the 
Chinese Association for STD and AIDS Prevention and Control, the Infectious Diseases 
Imaging Group of the Infectious Diseases Hospital Branch of the Chinese Hospital Association, 
and the Beijing Technological Innovation Alliance for Imaging and Treatment. The book sum-
marizes the imaging features and evolution of infectious and inflammatory diseases, reveals 
the pathological basis of infectious and inflammatory diseases, and presents the key points of 
imaging diagnosis and differential diagnosis of infectious and inflammatory diseases. I believe 
that the publication of this set of books will promote the prevention and control of infection 
and inflammatory diseases, rational drug use and academic development of radiological imag-
ing diagnosis in China, and effectively serve the precise clinical treatment.

This set of books provides the first systematic theoretical treatment of the subject of infec-
tion and inflammatory radiology. There are a total of six volumes, including a cranial spinal 
cord volume, a head and neck volume, a cardiothoracic volume, an abdominopelvic volume, a 
skeletal muscle volume, and a pediatric volume. The content covers the four major groups of 
pathogenic (bacterial, fungal, viral, parasitic) infections associated with infectious diseases 
and inflammatory diseases such as autoimmune diseases.

This series of books features three main advantages: (1) close to the clinical setting, with a 
complete range of diseases, covering common, frequent, and rare clinical infections and 
inflammatory diseases; (2) the information is comprehensive, which emphasizes the objective 
basis of diagnosis, especially the completeness, representativeness, continuity, and authentic-
ity of cases and images; (3) most of the information comes from the editor’s clinical experi-
ence and accumulation, and several parts of the information are authorized by international 
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colleagues, and the overall absorption and citation of the latest research results at home and 
abroad, as well as the layout and content of the books are innovative in nature.

For the successful publication of this set of books, we set up an advisory committee and an 
expert committee, with scientific design and systematic demonstration, and it took more than 
1 year to design the outline and revise the manuscript. In addition to the Chinese version, 
Springer Publishing Group will publish the English version. The editorial committee attached 
great importance to the book and organized several training sessions for the editorial board 
members on writing standardization, explained the process of professional review and finaliza-
tion, and assigned specialized personnel to organize review, revision, and supplementation. As 
the editor-in-chief of this book, I would like to express my sincere gratefulness for this. At the 
same time, I would like to express my sincere gratitude to the members of the national infec-
tious disease imaging team who participated in the preparation of this book for their efforts.

In the face of the current critical situation in the prevention and treatment of infectious and 
inflammatory diseases, the publication of this monograph will serve as another powerful 
weapon in the war against infectious and inflammatory diseases, and will play an important 
role in improving the level of diagnosis and treatment of physicians, improving the quality of 
life of patients, and prolonging their lives.

The process of scientific development is also a process of gradual improvement of people’s 
understanding, and deviations are inevitable, so I would appreciate your kind advice and look 
forward to its improvement!

Beijing, China� Hongjun Li   
November 2019
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As an “Old and Fashionable” topic, infectious diseases have been with human development 
since the era of plague and famine. In recent years, with the continued prevalence of diseases 
such as severe acute respiratory syndrome, avian influenza, and Ebola hemorrhagic fever, 
novel pathogens are being discovered and the spectrum of underlying diseases is being trans-
formed and pathogen resistance has been increasing, and the risk of infectious diseases to 
humans continues to deteriorate. In the 1970s, some experts predicted that infectious diseases 
could be completely defeated in the near future, but now it seems that the cause of defeating 
infectious diseases is a long way off.

Being an emerging branch of the medical disease classification system, infectious and 
inflammatory diseases have seen various types of research flourish in various fields in recent 
years. Infectious diseases of the central nervous system are one of the common serious infec-
tious diseases, and the diversity and complexity of their lesions make early diagnosis and 
accurate diagnosis very difficult, with rapid disease progression and high rates of death and 
sequelae. With the rapid development of imaging technology, medical imaging plays a pivotal 
role in the diagnosis of the disease, and its role in assessing the efficacy and prognosis cannot 
be ignored. At present, there are few monographs on nervous system infection, and the existing 
books in the field of imaging medicine are limited in their description of infectious and inflam-
matory diseases of the central nervous system, covering few diseases, inconsistent classifica-
tion methods, and incomplete descriptions of new imaging techniques.

In this context, the book series “Infection and Inflammation Radiology” led by Prof. Li 
Hongjun from our infection imaging community was born. Radiology of Infection and 
Inflammation—Cranial, Cerebrospinal and Spinal Volumes is one of the volumes that takes 
care to draw on the proven national and international experience in recent years in infectious 
and inflammatory diseases of the central nervous system with due attention to clinical utility.

This book clearly differentiates the traditional classification of infectious and inflammatory 
diseases into those that are affiliated with infectious diseases and those that are not, clearly 
differentiating it from other similar books. Each disease in this book is described with a cor-
responding pathology, highlighting the contrast and causal relationship between pathology and 
imaging presentations. Each disease has individually distilled diagnostic points that are con-
cise and easy to access. In addition, this book presents research advances in the imaging of 
infectious and inflammatory diseases of the central nervous system and discusses the value of 
a variety of new imaging techniques that are relatively well established in the diagnosis and 
differential diagnosis of various diseases or in guiding treatment and assessing prognosis, in 
conjunction with the most recent references.

With an excellent authoring team, this book is compiled by a number of renowned experts 
in the field of imaging of CNS infectious and inflammatory diseases in China, combining the 
latest domestic and international guidelines, research advances, and their own clinical practice 
experience. The book also brings together cases from more than a dozen large tertiary hospitals 
in China where these experts work, showing valuable images of multiple diseases, especially 
those of some rare diseases. It is a valuable reference book for imaging and other clinicians.

I would like to express my sincere gratitude to all the editorial board, the editorial staff, and 
colleagues who contributed cases to this book! With an eye to the current practical needs of the 
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general reader for clinical work and extended learning, this book is an informative, concise, 
easy-to-read, efficient, and practical reference on infection imaging. Due to limited conditions, 
some rare diseases lack typical pictures, and we hope that colleagues will criticize and correct 
any shortcomings in this book.

Urumqi, China� Jian Wang   
February 2020
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1Introduction to Imaging Methods

Bailu Liu, Yuehua Li, Kai Shang, Jian Zhang, He Wang, 
Qianfeng Wang, Jiaying Tang, Yongde Qin, Xiaohong Li, 
and Xin Gao

Central nervous system infections remain relatively high in 
morbidity and mortality worldwide; many of the known 
pathogens that can cause infectious diseases include broad-
spectrum bacteria, viruses, fungi, mycobacteria, and para-
sites. In 1971, Omran [1] proposed a theory of epidemiological 
transition in developing countries, describing the mortality 
changes and disease patterns of CNS infections in these 
countries, which consisted of three phases, namely, the “era 
of plague and famine,” the “era of pandemics,” and the “era 
of degeneration and human-made diseases.” A recent annual 
mortality rate published in the United States and data from 
the World Health Organization reflect a decline in mortality 
associated with infectious diseases and a gradual evolution 
of infectious diseases to chronic diseases. CNS infection is 
common clinical serious infectious conditions, which are 
mainly meningitis and encephalitis syndrome, etc. CNS dis-

eases such as intracranial tumor, cerebral hemorrhage, and 
craniocerebral trauma can be treated effectively by surgery, 
but the rate of postoperative infection is still on the rise. The 
progression of CNS infections is often very rapid in nature 
and is characterized by a high mortality rate and a high inci-
dence of sequelae.

Multimodal medical imaging has played a prominent role 
in the diagnosis, treatment, follow-up, and assessment of 
prognosis of various CNS diseases. Present examinations 
used for CNS infectious diseases include cranial radiographs, 
computed tomography (CT), magnetic resonance imaging 
(MRI), nuclear imaging, and functional and molecular imag-
ing, all of which have their own advantages and limitations. 
Innovative new imaging technologies have greatly expanded 
the applications of imaging in central nervous system dis-
eases. This chapter focuses on the various imaging tech-
niques of the central nervous system and advancements in 
new imaging techniques.

CNS infections and inflammatory diseases that are not 
diagnosed in a timely manner and given diagnostic treatment 
may lead to a certain mortality rate at times. When a sus-
pected CNS infectious disease is encountered, imaging phy-
sicians who can provide relatively complete diagnostic and 
differential diagnostic information may offer clinicians 
objective information which is crucial to the treatment of the 
disease.

1.1	� X-Ray Imaging Techniques

Bailu Liu,Yuehua Li,  and Kai Shang

1.1.1	� X-Ray Imaging Principle

The X-ray image is an image formed directly by X-ray trans-
mitted through the human body. It is a direct analog gray-
scale image, consisting of images of different shades of gray 
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from black to white, which reflects the anatomical and path-
ological conditions of human tissue and structures through 
the density of the image and its variations, which is mainly 
acquired by digital X-ray imaging equipment. There are 
three conditions that must be present for X-rays to be pro-
duced: (1) a population of freely moving electrons, (2) a 
high-voltage electric field that causes electrons to move at 
high speed under vacuum conditions, and (3) a target surface 
that prevents fast-moving electrons. Therefore, two essential 
pieces of equipment are necessary for X-ray imaging, 
namely, an X-ray bulb and a high-voltage generator. The 
penetration, fluorescence, and photoreceptor effects of 
X-rays are the basis for their application in diagnostic imag-
ing. In addition, there are differences in the absorption of 
X-rays due to different densities of human tissues and differ-
ent structures of pathological tissues, which result in a black 
and white contrasted image on the fluoroscope or photo-
graph. The extent to which X-rays are absorbed through dif-
ferent tissues in the body and other substances can be 
influenced by the following factors: (1) the density of the 
substance, (2) the thickness of the substance, and (3) the 
wavelength of the X-ray.

1.1.2	� X-Ray Imaging Method

Digital X-ray imaging equipment is an X-ray device that digi-
tizes X-ray transmission images and processes them for con-
version into analog images for display. Depending on the 
imaging mechanism, it can be divided into computed radiogra-
phy (CR) devices and digitized radiography (DR) devices [2].

CR records X-ray images using an image plate (IP) and 
then converts the stored signal into an optical signal by laser 
scanning, and the optical signal is converted into an electri-
cal signal by a photomultiplier tube, which is then input to a 
computer for processing by analog/digital (A/D) conversion 
to form a high-quality digital image. CR utilizes IP as a pla-
nar radiation detector, which mainly includes information 
acquisition, information conversion, information processing, 
information storage, and recording components:

	1.	 Information acquisition: Instead of traditional film, IP is 
used to record X-ray images in the form of latent images. 
The X-ray photons injected into the IP are absorbed by 
the photo-stimulated luminescent (PSL) fluorescent 
material within the fluorescent layer, releasing electrons, 
some of which are scattered within the fluorescent mate-
rial in a semi-stable state, forming the latent image. The 
semi-stable electrons are converted to fluorescence (PSL 
phenomenon) when the IP with latent image is scanned 
linearly with the laser beam, and the intensity of this fluo-
rescence is proportional to the intensity of the X-rays at 
the time of the first excitation.

	2.	 Information conversion: The conversion is realized by the 
image reading device, which completes the photoelectric 
conversion and A/D conversion of the fluorescent image, 
and finally converts it into a digital image signal.

	3.	 Information processing: This is executed by computer, 
which performs various post-processing on digital 
images, such as enlargement, grayscale processing, sub-
traction processing, etc.

	4.	 Information storage and recording: Laser printer film is 
the conventional way of recording. The CR image can 
also be displayed directly on the computer monitor.

Based on different detector structure types and imaging 
technologies, DR can be divided into direct digital X-ray 
imaging (amorphous selenium), indirect digital X-ray imag-
ing (amorphous silicon), CCD X-ray imaging, and multi-
wire proportional chamber (MWPC) imaging. Amorphous 
selenium and amorphous silicon are presently mostly used 
for imaging [3]. The X-ray photons will react with cesium 
iodide (CsI) to generate fluorescence when they pass through 
the amorphous silicon flat panel detector. These fluorescent 
photons will be converted into the corresponding electrical 
signals by the photodiode. Studies have shown that the quan-
tum capture efficiency of amorphous silicon flat panel detec-
tors is significantly improved, which means that the X-ray 
dose can be significantly reduced without compromising 
image quality. The X-ray will interact with the amorphous 
selenium semiconductor to produce positive and negative 
electron pairs when they pass through the amorphous sele-
nium detector, generating the corresponding electrical sig-
nals. The process does not involve significant information 
conversion with minimal information loss while obtaining 
clear, high-quality images.

The emergence of digital X-ray devices such as CR and 
DR has replaced traditional film, which can be connected to 
the picture archiving and communication system (PACS) for 
sharing over the network; facilitating storage, transmission, 
and remote diagnosis; and contributing to the development 
of teleradiology. DR devices have higher spatial resolution 
and signal-to-noise ratio than CR devices [4], have shorter 
imaging times, and require lower X-ray doses, but CR 
devices are less expensive and can be used in conjunction 
with original X-ray machines. Both devices have advantages 
over conventional screen-and-slice photography in terms of 
X-ray dose, image resolution, and post-processing.

1.1.3	� X-Ray Imaging Methods Commonly 
Used in the Brain and Spinal Cord

A cranial X-ray is the most commonly used X radiographic 
method for craniospinal imaging. Anterior-posterior and lat-
eral view is commonly used, while axial, tangential, and 
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mento-vertical view may sometimes be used as needed. The 
anterior-posterior view shows images of symmetrical shape 
and size of the two orbits, with the outer edges of the two 
orbits shown equidistant from the outer edge of the skull. 
The skull is properly laid out in the X-ray radiograph, and 
the image quality is considered satisfactory when the petrosa 
does not overlap with the supraorbital rim. The lateral view 
of the skull clearly shows the edge of the sella turcica, and 
the image quality is considered satisfactory when the 
anterior-posterior pterygoid process overlaps without bilat-
eral display. The axial view is used to present a symmetrical 
skull base image of the ambilateral petrous bone and zygo-
matic bone. The image quality is satisfied when the mandi-
ble’s coronoid process is equidistant from the outer edge of 
the skull on both sides, the inferior dentition overlaps with 
the interbrow, the odontoid process is anterior to the middle 
of the foramen magnum of the occipital bone but does not 
overlap with the anterior edge of the atlas, and the foramen 
ovale and foramen spinosum of the middle cranial fossa are 
clearly displayed. The mento-vertical position (skull base 
position) allows observation of the skull base; the frontal-
occipital position (Towne’s) shows the occipital bone, petro-
sal bone, and internal auditory canal; the orbital position 
visualizes the orbit, supraorbital fissure, and wings of sphe-
noid bone; the 45° axio-anterior oblique posterior (Stenver’s) 
view visualizes the petrosal bone, internal auditory canal, 
and inner ear structures; and the local tangential view reveals 
details of the local skull. In addition, tomography can be 
used to detect bone and calcium plaques at the base of the 
skull; stereography can be used to detect intracranial calcium 
plaques or foreign bodies in relation to the spatial location of 
the cranial cavity; and magnification photography can show 
details of local bone structures.

The cranial X-ray radiographs usually could not provide a 
definitive diagnosis for infectious diseases of the central ner-
vous system, but only indirect signs suggest intracranial 
lesions without specificity, for instance, intracranial septic 
infections and intracranial tuberculosis may show intracranial 
hypertension, mainly with widening of the cranial suture, 
increased pressure traces in the cerebral gyrus, bone resorp-
tion in the sella turcica, and enlargement and deformation of 
the sella turcica. Further CT and MRI should be performed 
when the cranial X-ray radiographs suggest abnormalities.

Pneumoencephalography, ventriculography and cister-
nography were once commonly used to diagnose cranial dis-
eases; however, they have been abandoned as they are 
invasive techniques that can cause serious complications 
such as intracranial infection, intracranial hemorrhage, and 
cerebral edema.

1.2	� CT Imaging Techniques

Yuehua Li, Jian Zhang,  and Kai Shang

1.2.1	� CT Imaging Principle

CT is the acronym for computed tomography. CT images are 
digitally converted reconstructed analog images, which are 
composed of a certain number of pixels of different gray 
scale from black to white aligned in an intrinsic matrix. The 
gray scale of the pixel reflects the X-ray absorption coeffi-
cient of the corresponding voxel. The basic imaging process 
is as follows: The X-ray is first emitted from the X-ray bulb, 
which is adjusted into an X-ray beam by the collimator and 
then penetrates a section of the human body before reaching 
the detector, where it is received and A/D converted to obtain 
an X-ray absorption profile of that section of the human body 
in a certain direction. This information is then stored in the 
computer, and the X-ray tube is rotated around the section to 
obtain a 360° X-ray absorption profile. This data is also input 
into the computer, and the display processor performs an 
inverse projection or analytical calculation of the absorption 
profile data in each direction to obtain the X-ray absorption 
values of the voxels at each spatial location within the sec-
tion. These data are matrixed by spatial coordinates and dis-
played on the monitor in different resolution gray scales to 
obtain an anatomical image of the human section. The CT 
image also reflects the degree of absorption of X-ray by 
organs and tissues in gray scale. Where black shadows indi-
cate low-absorption areas, i.e., low-density areas, such as 
lung tissue containing air, gray shadows indicate moderate-
absorption areas, i.e., medium-density areas, such as muscles 
or organs of soft tissue, and white shadows indicate high-
absorption areas, i.e., high-density areas, such as bone tissue 
containing high amounts of calcium. CT images have rela-
tively high-density resolution and can be used for quantita-
tive density analysis. In order to achieve the most optimal 
display of the tissue structures and lesions to be observed on 
CT images, it is necessary to employ different windowing 
techniques according to their range of CT values, which 
mainly include window level and window width [5]. The 
window width (W) is the range of the gray scale being dis-
played, and its middle value is called the window level (C). 
By increasing the window level, the image displayed on the 
fluorescent screen becomes black; by decreasing the window 
level, the image turns white. By increasing the window 
width, the number of layers on the image increases and the 
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contrast between tissues decreases; by decreasing the win-
dow width, the number of layers on the image decreases and 
the contrast between tissues increases.

1.2.2	� CT Imaging Post-processing Techniques

The CT image is a tomographic image and can be subjected to 
various post-processing. CT image post-processing techniques 
involve a variety of 2D display techniques, 3D display tech-
niques, and a multitude of other techniques for analysis, pro-
cessing, and display. The two-dimensional display technologies 
consist of multiplanar reformation (MPR) and curved planar 
reformation (CPR); three-dimensional display technologies 
include volume rendering (VR), maximum intensity projec-
tion (MIP), minimum intensity projection (minIP), etc. The 
development and application of these analytical display tech-
niques has greatly expanded the application areas of CT and 
significantly increased its diagnostic value.

1.2.3	� CT Imaging Methods Commonly Used 
in the Brain and Spinal Cord

CT examination provides high diagnostic power for central 
nervous system diseases and has been commonly used. 
However, CT examinations use X-rays, and the radiation 
dose is significantly higher than that of conventional X-rays, 
which to a certain extent limits the application of CT, espe-
cially for the detection of specific lesions in obstetrics and 
gynecology and pediatric patients. In addition, there are still 
limitations in the etiologic diagnosis of disease with CT.

	1.	 CT plain scan and contrast-enhanced scan. CT plain scan 
is a CT examination without contrast (an iodine agent 
which is impervious to X-ray), while CT contrast-
enhanced scan is performed with intravenous injection of 
contrast to improve the contrast between the layers of tis-
sue, thereby increasing the resolution of the CT 
examination.

CT plain scan can show the location and extent of 
brain parenchymal lesions in CNS infection and inflam-
matory diseases and promptly detect the presence of 
edema, calcification, hemorrhage, and changes in the 
cerebrospinal fluid circulation system in the lesion area; 
enhanced scan is effective in showing the condition of 
endyma, blood-brain barrier, meningeal lesions, envelope 
of brain abscess, etc. A larger dose of enhanced scan is 
more helpful to visualize some small lesions. In some 
cases of CNS infectious diseases, CT scan is usually neg-
ative on the first to third day of onset, whereas enhanced 
scan can improve the detection rate of lesions, facilitate 
early diagnosis and treatment, improve clinical symp-

toms, and reduce mortality [6]. Therefore, enhanced CT 
scan should be performed promptly if there is a high sus-
picion of intracranial infection, and CT review should be 
performed in the recent future. However, for some 
patients with intracranial infections, there is the phenom-
enon of different diseases with mimicking images, and 
their CT findings are relatively similar, which cannot 
determine the specific pathogen by CT examination alone 
and requires analysis and comparison with other imaging 
examinations, laboratory tests, and clinical features to 
continuously improve the diagnostic accuracy. Figure 1.1 
shows a patient with a brain abscess in which the CT scan 
image shows only a slightly hypodense foci next to the 
right lateral ventricle, and the extent of the lesion is 
blurred, while the boundary and extent of the lesion can 
be clearly shown after enhancement.

	2.	 CT angiography (CTA). CTA is a noninvasive vascular 
imaging technique, the basic principle of which is to 
inject contrast agent through a vein, and the original 
tomographic image can be obtained by rapid scanning 
with multilayer spiral CT when the concentration of con-
trast agent in the target vessel reaches a threshold, and the 
three-dimensional structure of the vessel can be displayed 
by post-processing techniques such as VR and MIP. CTA 
is safe, convenient, and rapid for the diagnosis of cerebro-
vascular lesions. It also characterizes and locates the 
lesion and can be used as a screening method for cerebro-
vascular diseases such as cerebral aneurysms. Some peo-
ple may experience adverse reactions to contrast agents, 
including facial flushing, headache, nausea, vomiting, 
hives, and conjunctival congestion in mild cases, or respi-
ratory distress, unconsciousness, shock, cardiac arrhyth-
mia, or cardiac arrest in severe cases, which require 
immediate emergency measures such as tracheotomy and 
cardiopulmonary resuscitation. CTA and magnetic reso-
nance angiography (MRA) are primarily used to show the 
structure and course of arteries, while CT venous angiog-
raphy and magnetic resonance venous angiography are 
more effective in the venous phase.

There are four main techniques for cranial CTA, 
namely, general CTA, digital subtraction CTA, dual-
energy CTA, and time-resolved CTA.

	 (a)	 Conventional CTA: The basic principle is to inject 
contrast intravenously and acquire continuous vol-
ume during the peak filling period of the target vessel 
using spiral CT and then reconstruct the image of the 
target vessel in 2D or 3D or even 4D by using the 
post-processing function of computer. The conven-
tional CTA in the general sense is a non-debridement 
CTA technique, which is more difficult to visualize 
lesions in the skull base segment of the internal 
carotid artery due to the overlapping of the skull base 
bones.

B. Liu et al.
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a bFig. 1.1  Right 
paraventricular brain abscess. 
(a) CT plain scan shows a 
slightly hypodense lesion next 
to the right lateral ventricle, 
with slight compression of the 
right lateral ventricle; (b) 
enhanced CT can demonstrate 
the location, extent, and 
enhancement of the lesion 
more clearly

	 (b)	 Digital subtraction CTA: It is an automated bone sub-
traction CTA, which can better display lesions in the 
skull base segment of the internal carotid artery and 
improve the detection rate of internal carotid aneu-
rysms in the skull base segment. Digital subtraction 
CTA uses the principles of digital subtraction angiog-
raphy (DSA) to perform phase subtraction after two 
volume scans of plain and enhanced, and the sub-
tracted data obtained is reconstructed in different 
ways to show the anatomy and lesions of the target 
vessels. Commonly used post-processing methods 
are VR, MIP, and MRP. VR takes different peaks of 
the pixel density histogram in the scanned volume to 
represent different tissues and then calculates on dif-
ferent tissue percentages for each pixel and converts 
them into different gray scales, displaying all sorts of 
structures in the volume in three dimensions with dif-
ferent gray scales and different transparency, which 
observes the vascular situation primarily through 
three dimensions. MIP is to superimpose the scanned 
3D data and project the highest density voxels in the 
3D data into the 2D data at the angle selected by the 
operator as the projection direction, and the remain-
ing voxels are deleted in that projection direction. 
MIP can be projected from any angle, mainly to 
observe vascular calcification. MPR is a process of 
tomographic image reconstruction in any direction 
using three-dimensional reconstruction technique for 
data obtained from CT sampling, including planar 
reconstruction and curved surface reformation, which 
is mainly used to observe the relationship between 
the vicinity of blood vessels and to display tortuous 
vessels on the image. The technique is now routinely 
applied in clinical settings.

It should be noted that this technique requires that 
the bulb exposure angles should remain synchronized 

during the two subvolume scans. Low-tube voltage 
and low-tube current techniques should be used in 
plain scan to reduce the radiation dose received by 
the patient. Although radiation dose reduction mea-
sures have been used in the plain scan, it still increases 
the radiation dose received by the patient to some 
extent because of the requirement for two volumetric 
scans, plain and enhanced. Poor image alignment can 
occur in critically ill or poorly coordinated patients, 
where post-processing of the image is necessary with 
enhanced volumetric CT data, and this process is 
similar with the conventional CTA. During the digital 
subtraction CTA scan, the patient should be advised 
not to swallow and to remain still during the exami-
nation and to remove any metal ornaments from the 
head to avoid artifacts. The image quality is also 
related to the injection velocity of the autoinjector, 
which generally reaches 4.5–5.0 ml/s to obtain high-
quality cranial CTA images. However, in elderly 
patients with poor vascular elasticity, high injection 
speed may cause leakage of contrast agent outside 
the blood vessels, and therefore it is often necessary 
to reduce the injection speed appropriately. Figure 1.2 
shows a set of images obtained after digital subtrac-
tion CTA post-processing of the head and neck 
vessels.

	 (c)	 Dual-energy CTA: It is a method to remove bony 
structures (including vascular hard plaques) based on 
the difference in X-ray attenuation rates between the 
iodine component and the calcified or bony compo-
nent of blood at different energy X-rays, whereby 
blood vessels in complex structures can be directly 
separated using dual-energy mode scanning and 
algorithmic processing. Presently, the dual-source 
and dual-energy CT technology is more than sophis-
ticated. This technique allows for the acquisition of a 

1  Introduction to Imaging Methods



8

a b c

d e f

Fig. 1.2  Display of head and neck vessels by different CT post-pro-
cessing techniques. (a, b) Curved surface reformation images of the 
head and neck arteries; (c, d) maximum density projection images of 

the intracranial anterior and posterior circulation; (e, f) volume repro-
duction images of the intracranial anterior and posterior circulation 
with bone removed

bone-depleted CTA image and a virtual cranial scan 
image to meet diagnostic needs with only one dual-
energy enhanced CT scan and special dual-energy 
post-processing software, reducing the radiation dose 
to the patient and reducing the probability of poor 
image alignment. It has the same high diagnostic 
accuracy as digital subtraction CTA in the diagnosis 
of intracranial aneurysms.

	 (d)	 Time-resolved CTA: It is the technique of acquiring 
volumetric data of target vessels using multilayer spi-
ral CT perfusion imaging, and then reconstructing 
the image with dynamic three-dimensional effect by 
post-processing software. It can be used not only for 
3D imaging of cerebral vessels but also for providing 
functional parameters such as morphological changes 
of target vessels, which is a further expansion of the 
conventional concept of CT perfusion imaging tech-
nology and is mainly used for the diagnosis of cere-
bral ischemic lesions and vascular malformations.

	3.	 Energy spectrum CT is a CT that uses the different 
absorption attenuation coefficients produced by sub-

stances at different energy X-rays to provide more image 
information than conventional CT.  It has changed the 
conventional CT imaging method in which a single CT 
value is the standard and achieved high-resolution and 
high-definition images at ultralow doses, which has 
greatly improved CT imaging technology. The energy 
spectrum CT can conduct single-energy imaging, energy 
spectrum curve analysis, material separation and quanti-
tative analysis, and effective atomic number calculation.

	 (a)	 Single-energy imaging: The energy spectrum CT can 
acquire 101 single-energy images in the range of 
40–140 keV by the single-bulb dual-energy instanta-
neous switching isotropic acquisition technique, 
which is clearly different from the conventional CT 
using mixed-energy radiography. The corresponding 
CT values are obtained by calculating the absorption 
attenuation coefficients of the X-rays for different 
energies of the tissue, and thus the corresponding 
energy spectrum curves can be obtained. The differ-
ences in the energy profiles between substances are 
more pronounced in the lower-energy bands, and the 
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corresponding differences in the CT values are the 
largest. The best single-energy image can be obtained 
when the target tissue has the greatest difference in 
attenuation from the adjacent parenchymal organs at 
a certain energy level with minimal image noise, 
which is the optimal kiloelectron volt (keV) value for 
imaging that tissue. The image quality, signal-to-
noise ratio, and contrast-to-noise ratio of single-
energy images are superior to those of conventional 
CT and can also significantly reduce metallic arti-
facts, hardening artifacts of high-density contrast 
agents, hardening artifacts of dense bone edges, etc.

	 (b)	 Energy spectrum curve analysis: Substances exhibit 
different absorption and attenuation abilities with the 
change of X-ray energy, which enables to obtain the 
characteristic energy spectrum curve of a substance. 
The different energy spectrum curves suggest varia-
tions in their histological structures and pathological 
types.

	 (c)	 Substance separation and quantitative analysis: The 
photoelectric effect and the Compton effect produced 
by X-rays passing through substances collectively 
determine the attenuation curve of the substance, 
while any substance has its own specific attenuation 
curve. The attenuation curves of the substances are 
linear, and two substances can be selected as sub-
strates; the spatial distribution and density of the tar-
get substance can be calculated by converting one 
substance into the density of two substrates that pro-
duce the same attenuation, and then the spatial distri-
bution and density of the target substance can be 
calculated based on the known attenuation coeffi-
cients of the substrates, thus realizing the separation 
and quantitative analysis of the substance. It is impor-
tant to note that substance composition analysis is 
not determining the substance composition but rather 
producing the same attenuation effect by the given 
two substrates. Consequently, the substrates chosen 
for the separation of substances are not static, but the 
most used are aqueous and iodine with different 
attenuation coefficients.

	 (d)	 Effective atomic number calculation: Every sub-
stance has a characteristic attenuation curve. The 
atomic number of an element is the effective atomic 
number of a substance when the X-ray absorption 
coefficient of that element is the same as the absorp-
tion attenuation coefficient of that substance, which 
can be used clinically for substance detection and 
identification.

The energy spectrum CT has outstanding advantages in 
angiography. Conventional CTA with mixed-energy X-ray 
has been found to be less effective in showing small arteries 

with a diameter of 1.5–3.0 mm due to sclerotic beam arti-
facts and a lower signal-to-noise ratio. However, energy 
spectrum CT allows scanning with lower-energy single-
energy X-rays, which reduces sclerotic beam artifacts and 
increases contrast between tissues, highlighting small blood 
supply arteries injected with iodine-containing contrast 
agents and improving image quality. Meanwhile, the optimal 
single-energy imaging technique of energy spectrum CT can 
control the image noise in the proper range, further optimiz-
ing the display of small blood supply arteries of the lesion.

The energy spectrum scan requires high tube voltage, and 
the bulb is prone to overheat, which makes the energy spec-
trum scan unsuitable for a longtime, wide-range, and small-
pitch uninterrupted scanning for the protection of the tube. In 
addition, the amount of data obtained from the energy spec-
trum scan is about five times larger than that of conventional 
CT, which takes a longer time for reading and post-processing 
of the images [7–9].

1.3	� MRI Imaging Techniques

He Wang, Qianfeng Wang,  and Jiaying Tang

1.3.1	� Basic Principles and Image 
Characteristics of MR

The MR image, like CT image, is a digitally simulated gray-
scale image that can be displayed using windowing techniques 
and is capable of various image post-processing. However, the 
gray scale on MR images does not indicate the density of the 
tissue and lesion but rather represents the MR signal intensity, 
reflecting the length of the relaxation time and the magnitude 
of the proton density, which differs from CT.

Compared to CT examinations, which provide single den-
sity parameter imaging, MRI examinations can provide mul-
tiparameter imaging, such as T1 values reflecting T1 relaxation 
time and T2 values reflecting T2 relaxation time. Imaging that 
primarily reflects the difference in T1 values between tissues 
is referred to as T1-weighted imaging (T1WI). Imaging that 
primarily reflects the difference in T2 values between tissues 
is referred to as T2-weighted imaging (T2WI). Imaging that 
primarily reflects the difference in proton density between 
tissues is termed proton density-weighted imaging (PDWI). 
Cranial tissues and their lesions have different T1 values, T2 
values, and proton densities, so T1WI, T2WI, and PDWI pro-
duce different signal intensities, which are manifested as dif-
ferent grayscale values. MRI examinations provide a 
diagnosis of craniocerebral diseases based on these grayscale 
changes. In general, the stronger the tissue signal, the brighter 
the corresponding part of the image; the weaker the tissue 
signal, the darker the corresponding part of the image. 

1  Introduction to Imaging Methods



10

However, it should be noted that the relationship between the 
length of the relaxation time T1 and T2 values and the signal 
intensity differs on T1WI and T2WI images. Short T1 values 
are high signal, such as fat tissue; long T1 values are low 
signal, such as cerebrospinal fluid; short T2 values are low 
signal, such as bone cortex; and long T2 values are high sig-
nal, such as cerebrospinal fluid. MRI examinations can also 
be performed by administering an intravenous contrast agent 
to artificially alter the contrast between the T1 or T2 values of 
the tissue and the lesion, in other words, the signal intensity 
of the T1WI, or T2WI images, to facilitate the detection and 
diagnosis of the lesion.

MRI examinations can be performed in multiple 
sequences, of which the most commonly used are spin echo 
(SE) sequences for T1WI; turbo SE (TSE) or fast SE (FSE) 
sequences for T2WI and PDWI and gradient echo (GRE) 
sequences are mainly used to acquire T1WI, and T2

*WI; 
inversion recovery (IR) sequences include short-time IR 
sequences for fat suppression and long-time IR sequences 
for free water suppression, i.e., fluid-attenuated inversion 
recovery (FLAIR) sequences; echo planar imaging (EPI) 
sequences are a fast imaging sequence mainly used for 
diffusion-weighted imaging (DWI), perfusion-weighted 
imaging (PWI), and functional imaging.

MR also allows for multidirectional tomography. In the 
clinical application of cranial diseases, MRI examinations 
routinely acquire axial, coronal, and sagittal tomographic 
images. Sometimes tomography of the inclined plane can 
also be performed according to diagnostic needs. The combi-
nation of multidirectional images can clearly demonstrate 
the anatomical relationship of tissue structures and help to 
clarify the origin and extent of the lesion.

Another outstanding advantage of MR images in terms of 
high soft tissue resolution is to facilitate the identification of 
normal structures and tissue types of lesions. In addition, 
some specific imaging sequences and imaging methods 
facilitate further confirmation of the histological features of 
the lesion. For example, subacute hemorrhage and fat tissue 
present similar hyperintense on T1WI and T2WI; however, 
when frequency-selective fat suppression technique is 
applied, the fat tissue is suppressed to low signal, while sub-
acute hemorrhage remains high signal. Another example is 
that calcification and hemosiderin both present hypointense 
on T2WI, which is difficult to distinguish from each other, 
but can be differentiated by applying GRE sequences or sus-
ceptibility weighted imaging (SWI), which show different 
signal intensities due to their different magnetization rates. 
The different imaging sequences and methods of MRI can 
facilitate the identification and diagnosis of lesions by accu-
rately identifying the different histological types of normal 
structures and lesions.

In addition, MRI enables a variety of specific structural 
and functional imaging, which can reflect information on 
structural and functional aspects of the brain and structural 
and functional changes resulting from lesions. These special 
imaging methods include cerebral angiography, DWI, diffu-
sion tensor imaging (DTI), PWI, magnetic resonance spec-
troscopy (MRS), SWI, and functional magnetic resonance 
imaging (fMRI).

1.3.2	� Commonly Used MR Examinations 
for Infectious and Inflammatory 
Diseases of the Brain and Spinal Cord

	1.	 MRI plain and enhanced scans: MRI plain scan is per-
formed for patients without contrast injection. Presently, 
the majority of routine clinical examinations are MRI 
plain scans. However, when there is a large overlap 
between the relaxation times of normal and abnormal tis-
sues, the MR signal of the lesioned tissue is similar to that 
of the normal tissue, and the lesioned tissue cannot be 
effectively distinguished on plain scan, or when the lesion 
can be detected on plain scan but the edges and internal 
structures of the lesioned tissue are not well visualized, it 
is necessary to inject contrast agent for the patient to 
increase the contrast, which is enhanced MR scan.

Enhanced MR scan can help detect lesions that cannot 
be identified on plain scan and have an important role in 
the examination of many diseases. When contrast agent is 
injected intravenously into the patient, the distribution 
concentration of contrast agent varies among different tis-
sues, and the contrast agent also affects the relaxation 
time of the tissues, which makes the difference between 
the images of normal and diseased tissues more pro-
nounced and makes it easy to distinguish the lesions from 
the normal tissues. As an example, gadolinium-based 
contrast agents are the most widely used MRI contrast 
agents in clinical practice due to their strong paramag-
netic effect. Gadolinium-based contrast agents achieve 
signal enhancement by altering the microenvironment of 
the lesion area, shortening the T1 relaxation time, and 
accentuating the high signal on the T1WI image.

	2.	 MRA: Refers to a magnetic resonance imaging technique 
that uses the characteristics of blood flow to contrast the 
MR signal difference between blood flow and surround-
ing relatively stationary tissue [10]. MRA is widely used 
for clinical measurement of blood flow velocity, exami-
nation of lesions in blood vessels and surrounding tissues, 
etc., and is generally imaged using the GRE sequence. 
The MRA can be divided into two main categories, black 
blood and bright blood, based on the black and white of 
the blood displayed. Bright blood techniques can be fur-
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Fig. 1.3  Symmetric gradients applied in PCA imaging. G represents 
the gradient strength; δ represents the length of the gradient

ther divided into those with and without contrast enhance-
ment [11].

The common methods of bright blood MRA examina-
tion are time-of-flight (TOF) and phase-contrast angiog-
raphy (PCA) [12]. TOF is the most commonly used 
non-enhanced angiography method, which primarily uti-
lizes RF pulses to saturate the tissues at the imaging site. 
These tissues appear as hypointense on the image because 
they are saturated, while the blood inside the vessel flows 
into the imaging site due to its flow characteristics, so that 
the blood inside the vessel appears as hyperintense on the 
image, thus enabling the differentiation between the ves-
sel and the surrounding tissues. Two-dimensional TOF 
and three-dimensional TOF are commonly used in clini-
cal practice. Two-dimensional TOF has a wide range of 
applications in angiography at sites where the direction of 
blood flow is perpendicular to the imaging plane, such as 
carotid arteries and peripheral vessels. Three-dimensional 
TOF is widely used in intracranial vascular imaging 
because of its ability to obtain high signal-to-noise ratio 
and spatial resolution.

PCA is achieved by applying two symmetrical gradi-
ents to the imaging site (Fig. 1.3; the gradients have the 
same amplitude and duration and opposite polarity). 
For stationary tissues, the positive and negative gradi-
ents produce equal scattering and regrouping phases, 
and their total phase change is zero; for flowing tissues, 
the positive and negative gradients produce a nonzero 
phase change due to their flow effects, so that the ves-
sels and stationary tissues produce phase contrast. The 
strength of the phase is proportional to the velocity of 
blood flow in the vessel, and the direction of blood flow 
can also be determined from the positive and negative 
phases.

Balanced steady-state free precession (bSSFP)-MRA 
is another contrast-free angiography [13], in which the 

image contrast is determined by T2/T1 value. BSSFP 
sequence keeps the corresponding balance in each gradi-
ent direction, reduces the signal loss caused by blood 
flow, and can image in any blood flow direction. On 
bSSFP-MRA images, the arteries and veins both show 
hyperintensity, which is suitable for the imaging of tho-
racic aorta and coronary artery.

Black blood MRA suppresses the blood signal flowing 
in the blood vessel and retains the signal of surrounding 
static tissue, so that the blood on the blood vessel image 
displays hypointensity. The black blood signal can be 
achieved by accelerating the flow dispersion phase (fast 
spin echo sequence) or according to the T1 value and T2 
value of blood and tissue (inversion recovery sequence).

Bright blood MRA can be divided into contrast-
enhanced angiography and non-contrast-enhanced 
angiography. Arterial spin labeling (ASL)-MRA, bSSFP-
MRA, TOF, and PC are all contrast-free-enhanced angi-
ography [14].

Contrast-enhanced MR angiography (CE-MRA) is per-
formed by high-pressure injection of a contrast-enhancing 
agent (e.g., gadolinium preparation), which is used to shorten 
the T1 and T2 relaxation times of the blood, thereby revealing 
the vasculature of the diseased tissue [15]. The advantages of 
CE-MRA over contrast-free MRA (e.g., time-of-flight and 
phase-contrast methods) are shorter acquisition times, 
improved imaging range, and reduced magnetization rate 
artifacts caused by blood flow and pulsation.

Magnetic resonance venography (MRV) refers to the 
technique of imaging the veins, which is usually per-
formed using contrast injection or phase contrast. MRV is 
an important method for evaluating the intracranial 
venous system and diseases [16].

	3.	 Structural MRI: It refers to the structural image that is 
scanned at high resolution in MRI, usually three-
dimensional high-resolution T1WI.  Taking structural 
images of the human brain as an example, on the one 
hand, structural images have good gray-white matter con-
trast, which can be used to examine abnormal changes in 
tissue structure and even to quantify the volume of white 
or gray matter in specific brain regions; on the other hand, 
the clear gray-white matter contrast of structural images 
of the brain can be used to provide accurate localization 
for subsequent examinations, such as the positioning of 
the spectrum of the scan and the alignment of the anterior-
posterior association during functional image scanning. 
In addition, structural images can be useful for post-
processing of data, e.g., in functional brain data analysis, 
structural images are used to segment and align to stan-
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dard brain templates, enabling more accurate alignment 
and analysis of functional images.

1.4	� DSA Imaging Technique

Yuehua Li, Jian Zhang,  and Kai Shang

1.4.1	� Principle of DSA Imaging

DSA is a new examination method that combines computer 
and conventional X-ray angiography and was first developed 
by the Mistretta group at the University of Wisconsin and the 
Nadelman group at the University of Arizona in the 1980s. 
The basic content of subtraction technique is to subtract two 
frames of the same part of the human body, so as to obtain 
their difference part; the image without contrast agent is 
called mask image or mask, and the image obtained after 
injecting contrast agent is called contrast image or filled 
image. The image signal following subtraction is correlated 
with the absorption coefficient of the contrast agent and 
blood vessels, proportional to the thickness of the contrast 
agent and independent of the background. In subtracted 
images, background images such as bones and soft tissues 
are eliminated, leaving only images of blood vessels contain-
ing contrast (Fig. 1.4) [17].

The DSA imaging system consists of five components by 
function and structure: (1) X-ray machine with stable 

radiation quality; (2) fast image processing device; (3) X-ray 
positioning system and frame; (4) system control compo-
nent; and (5) external equipment such as image display, stor-
age, and network transmission component.

1.4.2	� DSA Imaging Methods Commonly Used 
for Infectious and Inflammatory 
Diseases of the Brain and Spinal Cord

	1.	 The pulsed image mode: Utilizes intermittent X-ray 
pulses to acquire the mask image when the contrast agent 
is not flowing into the vessel of interest, and the X-ray 
image is acquired and subtracted during the process of 
gradual diffusion of the contrast agent to obtain a series 
of continuous and interval subtracted images, with a large 
interval between each subtracted image frame and a high 
signal-to-noise ratio of the acquired images which are 
suitable for such areas as cerebral vessels, carotid arter-
ies, hepatic arteries, and arteries of the extremities where 
the activity is slow.

	2.	 The super-pulsed method: It performs X-ray pulse pho-
tography at a rate of 6–30 frames/s, followed by high-
speed repeated subtraction frame by frame, enabling 
continuous observation of X-ray digital images or sub-
tracted images at the speed of real-time video, with high 
dynamic clarity. It is suitable for fast-moving parts such 
as pulmonary arteries, coronary arteries, and heart.

	3.	 The continuous image mode: The X-ray used can be 
either continuous or pulsed X-rays, obtaining a continu-
ous image with a frequency of 25 or 30 frames/s synchro-
nized with the camera, showing fast-moving parts with 
high temporal resolution.

With the development of technology, DSA systems also 
feature some specialized functions, such as rotational DSA, 
three-dimensional DSA, real-time smoothed mask (RSM) 
DSA, etc. Rotational DSA is an examination method to 
achieve dynamic observation by injecting contrast agent for 
exposure acquisition during the rotation of the C-arm, which 
can obtain angiographic images from different angles, increas-
ing the observation angle and showing diseased vessels with 
more advantages. Three-dimensional DSA is a product of the 
combination of rotational angiography, DSA technology, and 
computerized three-dimensional image processing technol-
ogy, which can display three-dimensional images of blood 
vessels through post-processing such as VR and surface-
shaded display (SSD) by workstations. It has overcome the 
problem of overlapping vascular structures, to provide more 
anatomical details and cerebral blood flow information for the 
observation of vascular lesions and localization measurement 
as well as diagnosis of vascular stenosis, offering the neces-
sary conditions for various interventions [18, 19]. RSM-DSA 

Fig. 1.4  Cranial DSA examination technique. Left internal carotid 
artery angiography
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is an alternative subtraction method for DSA.  It allows the 
acquisition of subtraction images in a single motion after con-
trast injection, avoiding the tedious process of two motion 
acquisitions and the possibility of subtraction failure due to 
patient movement between acquisitions.

Cerebral angiography can be divided into whole brain 
angiography, selective cerebral angiography, and superselec-
tive cerebral angiography. During the operation, the femoral 
artery is often punctured and cannulated, bilateral vertebral 
arteries and common carotid arteries are imaged separately, 
and superselective angiography is performed according to 
the condition. DSA shows the full-time course of cerebral 
circulation and blood flow compensation, which has obvious 
advantages in the diagnosis and interventional treatment of 
intracranial vascular diseases. In cerebral vasculitis, DSA 
can clearly show the inflammatory changes in blood vessels 
caused by various reasons, such as stenosis or occlusion of 
blood vessels in different areas, tortuosity and stiffness of 
blood vessel travel, a few arterial dilatation or aneurysm 
caused by inflammation damaging the middle layer of the 
arterial wall, etc. It is the gold standard for the diagnosis of 
various vascular inflammatory diseases. However, the diag-
nosis of vascular inflammatory diseases requires a combina-
tion of clinical manifestations and laboratory findings, as 
some of the vascular changes in cerebrovascular inflamma-
tory diseases are nonspecific and may even be negative. DSA 
can also be used for long-term follow-up observation of 
structural damage to the patient’s blood vessels.

However, DSA has some limitation. First, its main contrain-
dications are as follows [5]: (1) those with severe bleeding ten-
dency; (2) those with severe cardiac, hepatic, or renal 
insufficiency; and (3) those with contrast allergy. Second, DSA 
imaging has certain limitations, mainly including the follow-
ing: (1) The patient needs to be highly cooperative during the 
imaging and avoid all random movements; (2) although DSA 
is good for displaying small arterial branches, it cannot yet dis-
play tiny vessels with a diameter of <0.2 mm; (3) involuntary 
movements (such as swallowing, breathing, and gastrointesti-
nal peristalsis) can produce artifacts and affect image clarity.

1.5	� Radionuclide Imaging Techniques

Yongde Qin, Xiaohong Li,  and Xin Gao

1.5.1	� Principles of Positron Emission 
Computed Tomography

Positron emission computed tomography (PET) is the use of 
positronium nuclides to label or synthesize the corresponding 
imaging agent, which is introduced into the body and local-
ized in the target organ. These nuclides emit positrons during 

the decay process, which, after a short distance in the tissue, 
interact with the negative electrons in the surrounding mate-
rial, resulting in annihilation radiation and the emission of two 
photons with opposite directions and equal energy (511 keV). 
PET employs a series of detectors arranged in pairs at 180° to 
each other and connected to a conformal line to detect annihi-
lating radiation photons, thereby obtaining a tomographic dis-
tribution of positronium in the body and the location, 
morphology, size, metabolism, and function of the lesion to 
diagnose the disease. Since PET utilizes positron emitter 
markers such as 11C, 13N, 15O, and 18F (similar to the biological 
behavior of H), which are essential elements in the normal tis-
sue structure of the human body, as imaging agents and uses 
drugs such as deoxyglucose, amino acids, choline, thymine, 
ligands of receptors, and blood flow imaging agents as tracers, 
it can display the metabolism, function, blood flow, cell prolif-
eration, and receptor distribution of the body and focal tissue 
cells at the molecular level, providing more physiological and 
pathological diagnostic information for clinical purposes [20].

1.5.2	� Positron Emission Computed 
Tomography Methods Commonly Used 
in Infectious and Inflammatory 
Diseases of the Brain and Spinal Cord

	1.	 PET brain metabolic imaging: The human brain is very met-
abolically active, and its functional activity is extremely 
complex. Brain metabolic imaging is of great importance in 
studying the changing patterns of functional metabolic activ-
ities of the central nervous system and in exploring brain 
diseases. Glucose is almost the only energy substance for 
brain tissue, and changes in the rate of glucose metabolism 
in the brain can reflect the functional activity of the brain. 
Fluorodeoxyglucose (18F-FDG) is a glucose analog with the 
same cellular transport and hexokinase phosphorylation pro-
cess as glucose but remains in brain cells after conversion to 
18F-FDG-6-P, which is no longer involved in further glucose 
metabolism. Observations and measurements of the distri-
bution of 18F-FDG in the brain will provide insight into the 
state of glucose metabolism in the brain. Its clinical applica-
tions mainly include localization and diagnosis of epileptic 
foci; diagnosis and condition assessment of Alzheimer’s dis-
ease; differentiation, staging, and grading of benign and 
malignant brain tumors; determination of efficacy and prog-
nosis; and diagnosis of recurrent and residual lesions. Most 
active foci of infection demonstrate high uptake of 18F-FDG, 
which can therefore be utilized to detect foci of infection, 
respond to the glucose metabolic activity of infected lesions, 
and allow assessment of treatment efficacy. For PET/MRI, 
FDG uptake is corroborated by MRI findings.

In addition to glucose metabolic imaging, there are also 
oxygen metabolic imaging (15O), amino acid metabolic 
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imaging (11C-MET, 18F-FET), nucleic acid metabolic imag-
ing (18F-FLT), lack of oxygen metabolic imaging 
(18F-FMISO), and choline metabolic imaging (11C-CHO). 
Cerebral metabolic imaging allows to obtain cerebral oxygen 
metabolic rate and oxygen extraction fraction, which are 
important indicators of the level of cerebral oxygen metabo-
lism. Amino acid metabolic imaging mainly reflects the level 
of protein anabolism in the brain, while neuronal cells in the 
normal adult brain are mostly mature cells; hence, there is no 
significant protein synthesis. The tumor cells show high 
amino acid uptake in conjunction with high glucose metabo-
lism and accelerated amino acid transport to meet the demand 
of cell growth and proliferation, which therefore manifests as 
high amino acid uptake, coupled with very low amino acid 
uptake by normal brain cells, thus accentuating the lesion. 
Amino acid metabolic imaging (11C-MET, 18F-FET) has a 
low background in the brain, and infectious lesions show 
mild to moderate metabolic elevation. It is presently used for 
the differential diagnosis of infectious lesions, demyelinating 
lesions, and tumors. Choline metabolism is the entry of 11C-
CHO into the cell through specific transporters, and after 
intracellular metabolism, the end product phosphatidylcho-
line is integrated into the cell membrane. The rate of choline 
uptake by cells reflects the rate of cell membrane synthesis, 
and thus it can be used as an indicator of tumor cell prolifera-
tion and division, which is a direct or indirect tracer of tumor 
cell proliferation and division [21].

	2.	 PET neuroreceptor imaging: Neuroreceptor imaging is 
designed to obtain parameters such as receptor distribu-
tion, density, and affinity of receptors by PET, which is 
based on receptor-ligand-specific binding through the use 
of positron emitting radionuclides to label specific ligands 
in the living human brain. The synthesis, release, binding 
to postsynaptic membrane receptors, and reuptake of spe-
cific central neurotransmitters can be observed using radio-
nuclide-labeled precursors of synthetic neurotransmitters, 
which is called neurotransmitter imaging. The quantitative 
or semiquantitative parameters of central neurotransmitters 
or receptors can be obtained through physiological mathe-
matical models, allowing for diagnosis, treatment deci-
sions, efficacy assessment, and prognosis of certain 
neurotransmitter- or receptor-related diseases. The main 
neuroreceptors that are presently being studied and applied 
are the dopamine receptor (dopamine receptor), the acetyl-
choline receptor, 5-serotonin receptor, benzodiazepine 
receptor, opioid receptor, etc. [22].

	3.	 PET/MR brain imaging:
PET/MR is a large functional metabolic and molecular 

imaging diagnostic device that combines positron emission 
tomography and magnetic resonance imaging technology. 
Compared with other examinations, PET/MR is highly 
sensitive and accurate, especially for early detection, early 
diagnosis, and accurate assessment of neurodegenerative 
diseases without obvious structural changes, such as 
Alzheimer’s disease, epilepsy, and Parkinson’s disease. In 

addition, it has incomparable advantages for the identifica-
tion of benign and malignant intracranial malignant tumors, 
the determination of malignant glioma borders, the identi-
fication of posttreatment radiation necrosis and recurrence 
of tumors, and the accurate selection of tumor biopsy sites 
by other imaging means [23].
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