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Contrast media are widely used in diagnostic and interventional angiographic procedures. While 
they are generally regarded as safe and effective, some risks are associated with contrast media. 
Contrast-induced encephalopathy is a rare adverse reaction to contrast media, and a number 
of cases have been reported in various countries. The condition may manifest with psychiatric 
symptoms, cortical blindness, epilepsy or focal neurological deficits, and can be difficult to 
distinguish from other cerebrovascular complications. Therefore, better understanding of the 
condition would be valuable for determining the most appropriate treatment. A range of evidence 
suggests that blood-brain barrier damage is involved in the pathogenesis of the disorder. Here 
we briefly review the properties of iodinated contrast media and corresponding changes of the 
blood-brain barrier.

Abstract

Introduction
The first use of iodine contrast media (CM) in clinical dates 
back to the 1920s [1]. Since 1950s, iodinated contrast 
media have been the most widely used pharmaceuticals for 
diagnostic and interventional angiographic procedures. With 
the development of medical technology and the widespread 
application of them, adverse reactions to iodinated CM have 
attracted substantial clinical attention. These adverse effects 
range from mild discomfort to life-threatening events including 
specific responses, shock, congestive heart failure, arrhythmia, 
acute renal failure and neurotoxicity, and have been reported 
in a number of studies [2,3]. CM does not generally cross the 
blood-brain barrier (BBB) to enter the central nervous system. 
However, damage to the BBB can increase its permeability, 
allowing CM to permeate into the brain and exert toxic effects 
3. In 1970, Fischer-Williams et al. [4] reported the first case of 
a patient exhibiting transient cortical blindness after diatrizoate 
methylglucamine was administered for coronary angiography. 
This condition was initially regarded as an adverse reaction to 
CM, and later became termed contrast-induced encephalopathy 
(CIE). Although the pathogenesis of CIE has not yet been 
fully elucidated, changes in BBB permeability are thought to 
be involved [3,5,6]. The current review provides an overview 
of the role of BBB damage in the pathogenesis of CIE, briefly 
describing the properties of iodinated CM and the corresponding 
changes in the BBB.

Classification and properties of iodinated CM
Iodinated CM is typically divided into high-, low- or iso-osmolal 
types, according to the level of osmotic pressure. In addition, 
they are classified according to their ionicity (ionic and non-ionic 
types) and the number of benzene rings (monomers and dimers) 
[7,8]. To date, three generations of CM have been developed 
[9]. First-generation (e.g., diatrizoate methylglucamine, 
iothalamate, metrizoate) or high-osmolar CM (HOCM) are 

ionic monomers with an osmotic pressure of approximately 
2000 mOsm/L, which is substantially higher than plasma. The 
second generation of CM exhibit increased hydrophilicity, 
including not only ionic dimers (e.g., ioxaglate), but also non-
ionic monomers (e.g., ioversol, iohexol, iopamidol, iomeprol, 
iopromide). These CM are known as low-osmolar CM (LOCM), 
exhibiting osmolality lower than that of first-generation media, 
but still high compared with plasma (approximately 400-800 
mOsm/L). Third-generation CM (e.g., iodixanol, iotrol), termed 
iso-osmolar CM (IOCM), are non-ionic dimers containing two 
benzene rings, with osmotic pressure approximately equal to 
plasma (290 mOsm/L) [1,10]. Some studies have reported slight 
differences in the safety of different types of CM; compared 
with ionic CM, non-ionic CM are associated with lower adverse 
reaction rates and less severe side effects [11-13]. At present, 
the most widely used and safe CM for cerebral angiographies 
are ioversol, iohexol and iodixanol.

Adverse reactions to iodinated CM
Although CM is regarded as relatively safe and effective drugs, 
severe adverse reactions may occur. They may affect either 
specific organs (such as the kidneys, heart, brain, glands) or a 
whole system, including inducing changes in blood components 
(platelets, leukocytes, erythrocytes) or endothelial cell function 
[10,14,15]. Adverse reactions to CM are generally divided 
into idiosyncratic reactions (i.e., anaphylactoid reactions) and 
dose-related effects on specific organ systems [3,16]. Specific 
manifestations of idiosyncratic reactions include urticaria, 
angioedema, laryngeal edema, shock, and bronchial spasm, 
and the occurrence of these symptoms does not generally have 
a relationship with the amount of CM [17]. In contrast, dose-
related reactions largely depend on the amount of CM, and the 
toxic effects of the nervous system appear to be particularly 
strongly related to the dose [3]. The detrimental effects of 
CM fall into three major categories, depending on the time of 
appearance after administration of the contrast agent: acute (< 
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60 min), subacute (> 1 h to 7 d) and chronic (> 7 d). In addition, 
acute adverse reactions are classified as renal and non-renal, on 
the basis of whether kidney damage occurs; the latter typically 
involve nausea, vomiting, urticaria, shock, cardiac arrest and 
convulsions [8].

The pathogenesis of CIE
In 1970, Fischer-Williams et al. [4] first reported transient 
cortical blindness after coronary angiography. In later studies, 
Studdard [18], Haley [19], Utz [20] and Antonellis [21] 
reported similar cases following the administration of CM 
to the coronary artery, renal artery, and cerebral vascular 
system, and in other interventional procedures. Therefore, 
understanding the mechanisms underlying CIE is of increasing 
research importance. CIE is an acute, reversible neurological 
deficit that may present with psychiatric symptoms, transient 
cortical blindness, transient global amnesia, epilepsy and 
focal neurological deficits, which can be caused by various 
vascular interventional procedures involving the administration 
of iodinated CM [22,23]. Hypertension, diabetes and renal 
damage are considered possible risk factors [6,24]. In addition, 
subarachnoid hemorrhage, atherosclerosis and arteriovenous 
malformation, history of cardiovascular disease, fluoroscopic 
time longer than 10 minutes, and advanced patient age may have 
an increased risk of neurological complications [25-27]. It has 
been reported that the incidence of CIE ranges between 0.3% 
and 1.0%, and it can rise to 4% when hyperosmolar iodinated 
CM are used. Typical adverse reactions typically occur shortly 
after CM injection, and most can recover completely within 24-
48 h [5,6], while permanent neurological deficits or death occur 
in a small number of cases [24]. The diagnosis can be confirmed 
by the spontaneous and rapid resolution of the neurological 
symptoms and by CT findings [24]. Importantly, CIE is difficult 
to distinguish from other cerebrovascular complications, such 
as subarachnoid haemorrhage or cerebral ischaemia. But the 
difference is that CIE patients exhibiting serious neuroimaging 
changes often still have a relatively good prognosis [21,28,29].

The pathogenesis of CIE has not been fully elucidated, and a 
range of potential factors may be involved. First, CM may have 
direct chemical toxicity, hyperosmolality and neurotoxicity 
[30]. Second, the hyperosmolality of the media can induce 
hemodynamic changes, causing microvascular blood stasis and 
erythrocyte agglutination, resulting in slow blood flow and arterial 
occlusion [19]. Moreover, for patients with cerebrovascular 
disease, hemodynamic changes induced by rapid injection of 
CM can cause or aggravate cerebral vasospasm, leading to 
neurological deficits [18,31]. Third, a high concentration of CM 
can increase BBB permeability, and CM entering the brain can 
cause changes in osmotic pressure, leading to cerebral edema. 
Meanwhile the ionic properties of CM may also lead to changes 
in neural activity [30]. Several studies have reported that the 
pathogenesis of CIE may be related to the immune response of 
the body, indicating that iodinated CM have cytotoxic effects 
on immune cells [32]. In addition, the posterior circulation 
of the brain is more susceptible to damage by its sympathetic 
enervation, having greater sensitivity to blood pressure 
changes. In addition, the self-regulation ability of blood vessels 
in this area is poor, so general CM could easily permeate the 

parieto-occipital cortex, resulting in cortical blindness [5,33]. 
Importantly, Roza et al. [34] found that encephalopathy was 
more likely to occur in patients with acute renal injury. This 
suggests that renal and brain damage may be associated with 
oxidative stress and mitochondrial dysfunction caused by CM. 
Recent studies have reported that autophagy is involved in the 
pathogenesis of contrast-induced nephropathy by regulating 
apoptosis and inflammation [35]. Overall, although the precise 
mechanisms of CIE remain unclear, BBB permeability changes 
are generally considered to play an important role in CIE 
pathogenesis.

Structure and function of BBB
The BBB acts as an effective barrier between the central 
nervous system and the blood, and exists in all organisms 
with highly developed central nervous systems (CNS) [36]. 
The blood brain barrier controls the ion and water balance in 
the central nervous system and the level of neurotransmitters 
and hormones by maintaining the precise control of substance 
exchange in blood and brain, so as to maintain the homeostasis 
of brain microenvironment [37]. This physiological barrier 
maintains the steady state of the central nervous system in three 
ways: 1. the restriction of polar molecules passively diffusing 
from the blood to the brain; 2. regulating the transport of 
nutrients in the brain, while excreting toxic metabolites; and 3. 
regulating the migration of circulating immune cells [38-41]. 
The BBB is composed of brain microvascular endothelial cell, 
astrocyte endfoot, pericyte, tight junction (TJ) between brain 
microvascular endothelial cell, and the basement membrane 
(Figure 1 and Table 1). The intimate contact between neurons, 
cells, extracellular matrix components and blood vessels form 
a dynamic functional unit, known as the neurovascular unit, 
is essential for both health and function of the CNS [42,43]. 
Among these structures, TJ plays a particularly important role. 
TJ is constituted by a combination of transmembrane proteins, 
cytoplasmic scaffolding proteins and cytoskeleton proteins 
(Figure 2). The transmembrane proteins include occludin, 
claudins and junctional adhesion molecules, these proteins 
can play a different role in controlling the permeability of 
the intercellular space and maintaining the polarity of the 
endothelial cells [44]. Cytoplasmic scaffolding proteins (ZO 
family, cingulin, 7H6) are involved in TJ localization and signal 
transduction [45-47], and are directly bound to the intracellular 
carboxyl groups of transmembrane proteins and cytoskeletal 

Figure 1. Blood-brain barrier structure composition.
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proteins at the same time. The developmental and functional 
abnormalities of BBB can destroy the homeostasis of the 
microenvironment of the brain, leading to the death of the nerve 
cells and the dysfunction of the nervous system [48]. Ischemia, 
hypoxia, tumor, infection and other factors can cause structural 
and functional alterations of TJ, resulting in BBB permeability 
changes, brain edema, neuroinflammatory responses and 
neurological deficits (Table 2) [48-55].

Role of BBB damage in the pathogenesis of CIE
As early as the 1940s, Broman et al. [56] observed the effects of 
CM on BBB permeability in rabbits, cats and guinea pigs using 
Trypan blue staining after administering the CM Diodrast, in an 
investigation of the mechanisms underlying CM neurotoxicity. 
The results revealed that cerebral vascular permeability was 
vulnerable to disturbance after injection of a high concentration 
of Diodrast to the carotid artery, for a certain period of time. 
Bassett et al. [57] later followed Borman’s method to observe 
the effects of different concentrations of CM on cerebrospinal 
fluid pressure and protein changes in animals (representing 
BBB destruction), reporting that the concentration and exposure 
time of CM were closely related to the severity of the effects. 
Almost twenty years later, Rapoport [58] observed the effects 
of different types of CM on the rabbit BBB, reporting that 
the neurotoxicity of CM was related to their chemical and 
physical properties, including permeability, fat solubility, and 
blood viscosity. With the advent of third-generation CM, the 
choice of CM has increased, but how to choose the proper 
one becomes a difficult problem. A large-scale clinical study 

involving 337,647 participants confirmed that, compared 
with ionic CM, non-ionic CM were associated with a lower 
incidence of adverse reactions, and milder side effects [11]. 
Wible and his colleagues [59] compared the neurotoxicity 
of four kinds of nonionic CM (ioversol, iohexol, iopamidol, 
iopromide) by injecting different types and doses of CM into 
the cisternal magna of ether-anesthetized rats, demonstrating 
that the neurotoxicity of the media was negatively correlated 
with its hydrophilicity. In contrast, Luzzani et al. [60] found 
that differences in hydrophilicity between CM did not explain 
observed differences in neurotoxicity in animal experiments, 
suggesting that the chemical structure of CM may play a role. 
Iso-osmolar CM are typically considered the safest CM type, 
compared with hypertonic and hypotonic media. However, 
in 2011, Chisci [28] first reported a CIE patient exhibiting 
aphasia, coma and hemiplegia after administration of iodixanol. 
Therefore, to fully understand the pathogenesis of CIE, multiple 
factors must be considered.

Over the past twenty years, many scholars have described cases 
of transient cortical blindness or amnesia after angiography, and 
speculated that possible mechanism are ischemia to bilateral 
limbic structures (from vasospasm, atherosclerotic plaque, 
catheter-induced embolus) and direct neurotoxic effects of the 
CM. Unsurprisingly, CM are considered to have neurotoxic 
effects by temporarily disrupting the BBB with subsequent 
parenchymal penetration [26,61-66]. In fact, a number of 
studies have investigated the mechanisms by which CM affect 
BBB permeability and cause encephalopathy. Some authors 

Structure composition Function
Brain microvascular endothelial 

cell Form tight junction to maintain structural stability of BBB. 

Astrocyte Astrocytes's endfeet closely apposed to the outer surface of the endothelial cell and pericyte. 
Pericyte Wrap around the endothelial cells to provide structural support and vasodynamic capacity to the microvasculature.

Tight junction Located on the apical region of endothelial cells and form an intricate complex as a series of multiple barriers.
cytoplasmic scaffolding proteins ZO family, cingulin, 7H6

transmembrane proteins occludin, claudins and junctional adhesion molecules     

cytoskeleton proteins Connect membrane proteins with actin, which is the primary cytoskeleton protein for the maintenance of structural and functional 
integrity of the endothelium.

Adherens junction Composed of transmembrane glycoproteins linked to the cytoskeleton by cytoplasmatic proteins, giving place to the adhesion belt.
Basement membrane The extracellular matrix of structural proteins secreted by astrocytes, pericytes and endothelial cells.

Table 1. The main structure of blood-brain barrier and its function.

Figure 2. Structure of blood-brain barrier tight junction [45].
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have advocated that intravascular pressure arising from rapid 
injection of CM, may cause increasing vascular wall tension and 
separation of tight junctions leading to a breakdown of the BBB 
[3,67,68]. However, several authors have favored that alterations 
on endothelial cells of brain vessels caused by CM as the key 
factor leading to BBB damage. Gonsette et al. [69] explored the 
safety of first and second generation CM in animal experiments, 
suggesting at least two mechanisms by which CM may damage 
the BBB: 1. the chemical toxicity of CM may promote an increase 
in endocytosis and exocytosis of microvascular endothelial 
cells in the brain, as well as weakening the enzymatic reaction; 
2. hyperosmolality may cause endothelial cells to shrink and 
destroy the integrity of TJ. In 2008 Franke et al. [70] added CM 
to the culture medium of human umbilical venous endothelial 
cells and used for short-term incubation studies of these cells, 
finally found CM can cause relevant morphological changes in 
endothelial cells. Aspelin et al. [71] reported that CM may induce 
endothelial cell injury by inhibiting endothelial cell growth and 
promoting apoptosis. Chang et al. [72] found that CM induces 
inflammatory responses in endothelial cells in their researches. 
Moreover, CM may also promote vasoconstriction by inhibiting 
endothelial nitric oxide synthase activity and expression. This 
may impede nitric oxide synthesis, further reducing nitric oxide 
by generating reactive oxygen species (ROS) in response to 
induced endothelial dysfunction and inflammatory responses, 
thereby reducing prostacyclin and endothelium-derived 
hyperpolarizing factor release while increasing endothelin-1 
and adenosine release [10,68]. Rauch et al. compared the effects 
of CM in rabbit, dog, and pig renal arteries with human tissue. 
CM-induced vasoconstriction was demonstrated in human, 
rabbit and dog, whereas vasodilatation was observed in pig [73]. 
In general, the presence of CM in blood circulation has been 
found to change the morphology and function of endothelial 
cells, which is an important structure of blood-brain barrier. The 
damaged endothelial cells make TJ open, allowing CM to enter 
into the central nervous system and change the osmotic pressure 
of brain tissue, causing cerebral edema. Meanwhile, damaged 
endothelial cells may aggravate the conditions described above 
by stimulating the release of a variety of vasoactive substances. 
In addition, the effects of CM on neural electrical activity may 
also be involved in the processes underlying neural damage.

It has been hypothesized that oxidative stress increases after 
application of CM, and excessive production of free radicals can 
cause damage to endothelial cells. Fiaccadori [74] found that the 
concentration of 3-nitrotyrosine in plasma and urine of patients 
with CM was significantly increased, which indirectly confirmed 
the important role of oxygen free radicals in the pathogenesis. 
Some studies in vitro indicate that NADPH oxidase plays a 

key role in upregulation of ROS in a cellular model added CM 
[75]. Several studies have confirmed that antioxidants such as 
statins and vitamins can alleviate the cytotoxicity induced by 
CM via reducing the expression of NADPH oxidase subunit 
and production of oxygen free radicals [76,77]. Given these 
considerations, we suggest that oxidative stress is closely related 
to the destruction of BBB in the pathogenesis of CIE, and is a 
potential target for therapeutic intervention.

Conclusion
In conclusion, CIE is a rare complication of vascular intervention, 
and its pathogenesis has not yet been fully elucidated. While 
BBB damage appears to play a major role in the condition, it 
remains to be clarified whether oxidative stress, mitochondrial 
dysfunction and autophagy are also important factors.
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