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Abstract　Research has shown that in addition to the classical visual cortical pathway, there is an “ancient”, rapid subcortical 

pathway responsible for the rapid processing of emotion-related information both consciously and unconsciously. This pathway 

consists of the superior colliculus, pulvinar, and amygdala and bypasses the primary visual cortex. Our study shows that this pathway 

is also responsible for processing visual topological information, and that the visual cortex is not related to topological information 

processing. Based on these findings, we believe that in early stage of vision, the brain detects signals involving life or safety, putting 

the brain into an alert state, which is essential for the survival of the species. Therefore, in the early stage of vision, the objects to be 

detected are only “appearing” and “disappearing”, not “texture”, “shape”, etc. Both “appearance” and “disappearance” are changes 

in topological features. The presence of topological perception and subcortical pathways may be the neural basis for early warning. 

In primates, the peripheral area of retina is distributed mainly with rod cells, the visual information processing in this area is mainly 

processed by subcortical visual pathway, this type of retinal structure appeared in more than one hundred million years ago. The area 

close to the center of the retina is the fovea, the visual information processing in this area is mainly processed by visual cortex, cone 

cell density increased greatly, the visual spatial resolution becomes very high. This structure emerged only 50 million years ago, so 

our eyes span at least 50 million years from the peripheral region to the central region. It is a Mosaic of an older structure and a 

younger one, and their coexistence gives us perfect vision. When we consider the significance of the existence of subcortical visual 

pathway, we should also consider the function of cortical pathways.
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In primates, cortical processing of visual 
information is the dominant mode of visual 
information processing. The first step in cortical 
visual information processing occurs in the occipital 
lobe, which receives input from the ipsilateral lateral 
geniculus of thalamus. The dominant view is that 
visual information from the thalamus must first pass 
through the primary visual cortex and then be 
processed further in the other areas of brain. However, 
some studies have found that some visual information 
in the brain does not necessarily come from the 
primary visual cortex. To illustrate this, let us start 
with the following experiment.

1　Subcortical pathways and unconsciously 
visual information processing

In some patients, part of the primary visual 
cortex has lost its function due to stroke and other 
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causes. They reported that they could not see external 
objects, but if they were allowed to walk freely and 
then some obstacles were placed in front of them, 
even though the subjects claimed that they could not 
see anything, they would unconsciously avoid the 
obstacles. This showed that visual information 
entering outside the primary visual cortex could still 
be processed in the brain and could still guide 
subject’s behavior, even if he could not perceive it[1]. 
How is this information processed in the brain?

Recent studies have shown that in addition to 
classical cortical visual pathways, there are also 
several so-called subcortical pathways in the brain. 
One of which starts in the retina, and the information 
is transmitted from the retina to the superior colliculus 
of the midbrain and then through the pulvinar to the 
amygdala[1-6] (Figure 1).

The superior colliculus is an ancient structure 
located in the midbrain, which is the first nucleus of 
visual information processing behind the retina. 
Classical theory of vision believes that superior 
colliculus is related to oculomotor control, but in 
recent years, it has been found that the function of this 
pathway is much more than that. The superior 
colliculus receives information directly from the 
retina and is activated primarily by low spatial 
frequency and emotion-related visual stimuli, 
particularly sensitive to unconscious emotional visual 
stimuli[2, 8-11].

In recent years, with the development of new 
neurobiological technologies, such as brain imaging 
and photogenetics, we have gained a better 
understanding of the neural circuits and functions of 
the superior colliculus[12-17]. In rodents, the superior 
colliculus, like the amygdala, is associated with fear 
emotion[18].

The pulvinar nucleus is the second nucleus of 
visual information processing in this pathway. The 
pulvinar is involved in the regulation of 
attention[2, 19-21]. When the pulvinar is impaired, the 
attention capture, induced by emotional visual stimuli 
on consciousness will be affected. Compared with the 
superior colliculus, the neural circuit of pulvinar is 
relatively complex, and it has complex fiber 
connections with some nuclei of thalamus and 
cerebral cortex. In humans, with the development of 
brain imaging technology, more detailed 
understanding of the anatomy and function of this 
structure has been achieved[22-28].

The amygdala is the last stage of this pathway 
and the most widely studied brain structure in this 
pathway. These studies of amygdala have been mainly 
focused on following fields: (1) the phylogeny[29-32] 
and ontogeny of amygdala[33-35]; (2) anatomical and 
functional connectivity of amygdala with limbic 
system and prefrontal lobe[36-38]; (3) the functional 
relationship of amygdala and emotional regulation 
with some mental disorders, such as autism[39-40];     
(4) the neural information processing of amygdala 
during conscious and unconscious state[41-46].

Amygdala is mainly responsible for the 
information processing of emotions (mainly negative 
emotions, such as fear), especially emotional 
processing under consciousness[4, 47-54]. The amygdala 
mainly receive information from two brain regions: 
one is from the sensory cortex, and the other is from 
subcortical nuclei[49]. It is generally believed that the 
amygdala can quickly process some danger 
information in the environment[9, 55], for example, 
amygdala responds to visual signals from complex 
objects within 60 ms in monkey[55].

During early perception, the amygdala receives 
emotion-related information and projects this 
processed information to the sensory cortex to further 
regulate attention and perception. Some studies have 
found that the visual cortex is activated when new 
emotional stimuli are presented. This excitation is 
related to the activation of the amygdala. There is a 
high correlation between the visual cortex and 
amygdala. Clinical studies have found that this 
phenomenon disappears in patients with amygdala 
damage[52].

Subcortical pathways have been extensively 
studied in humans and some animals[8, 56-61]. In one 
study, magnetic resonance imaging (MRI) was used to 

Fig. 1　Subcortical visual pathway linking the superior 
colliculus (SC), the pulvinar (PULV), and the amygdala 

(AMG)[7]

LGN: lateral geniculate nucleus; V1: primary visual cortex.
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track the direction of white matter fibers in the brain 
of patients with cortical impairment, and it was found 
that the number of nerve fibers in the subcortical 
pathway increased, and the three nuclei formed a loop 
structure[56]. This is strong evidence for the existence 
of subcortical pathways. Many brain imaging and 
clinical studies have also confirmed that subcortical 
pathway plays an important role in the rapid 
processing of consciously and unconsciously visual 
information[62-64]. One of the features of this pathway 
is that it can process non-fine visual information 
under consciousness, whereas the fine visual 
information processing relies on classical cortical 
visual pathways[65]. Studies have shown that, in most 
cases, the amygdala rapidly analyzes incoming 
information to see if there are risk factors in the 
external environment that require a rapid behavioral 
response[51, 53, 64, 66-71]. It is important for survival. 
Many emotion-related visual studies, especially the 
studies of brain response to fearful faces, also suggest 
that this subcortical pathway mainly processes 
emotion-related visual information, such as facial 
expression[3, 56, 72-76]. Garvert et al. [77] used 
magnetoencephalography to record the brain activity 
of people during rapid facial expression analysis, and 
the results showed that the amygdala played an 
important role in such analysis. In fact, such facial 
information processing not only occurs in the 
amygdala but also in the superior colliculus and the 
pulvinar[78]. They found that, unlike the face neurons 
in the cortex, which have very fine encoding for facial 
features, the superior colliculus and the pulvinar have 
no extensive encoding for face details. In primates, 
facial expressions are important for survival, and 
recent research suggests that fetuses develop a 
preference for face-like shapes early in life. Newborns 
can recognize faces several hours after birth[79], at this 
time the primary visual cortex is far from mature and 
the recognition of local features of objects is still poor.

2　Topological visual perception

There is an old and unsolved question: “Where 
does vision begin?” Different from the traditional 
theory, “from the part to the whole”, the “global first” 
theory proposed by prof. CHEN Lin[80] suggests that 
visual perception is “from the whole to the part”. 
Compared with the perception of other local 
geometric properties (projective, affine, Euclidean 

geometry), the perception of topological properties is 
the most basic and earliest perception. Vision starts 
with extracting topology properties. However, there is 
little research on the neural pathways that regulate the 
topological properties of perception.
2.1　 Subcortical processing of visual topological 
information

In 2003, Zhuo et al. [80-81] suggested that in 
humans, the anterior temporal lobe may be the region 
responsible for processing visual topological 
information. Subsequently, some studies have shown 
that topological information processing may not 
require the primary visual cortex[60, 82-83]. Notably, the 
last stop of the subcortical visual pathway, the 
amygdala, is located ventrally in the anterior temporal 
lobe. Our series of studies have shown that this 
subcortical visual pathway is involved in the 
processing of topological visual information[80-87] and 
another study suggested that since the subcortical 
visual pathway is involved in emotion processing, fear 
emotion strongly interferes with topological 
processing but has no effect on other visual local 
features[83], suggesting that emotional and topological 
processing share common neural circuits (Figure 2).

Fig. 2　Excitatory of anterior temporal lobe induced by 
perceptual discrimination of topological properties[83]

fMRI activation loci in triangle-arrow pair (a) and ring-S pair (b)  

conditions and the condition of topological category vs. local geometric 

category (c), respectively.
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“Hole” is an important concept in topology. In 
general, topological differences are most likely to 
occur in “hole”, such as “with or without hole”. 
Understanding the brain information processing of 
hole is very helpful for understanding the topological 
information processing of the brain[81]. Studies on 
infants have found that infants are able to distinguish 
the nature of “hole” by the time they are two to three 
days old, their visual cortex is far from well-
developed at this time[79].

In our research, we want to know if the 
information processing of hole involves the primary 
visual cortex. To address this issue, (1) we first 
investigated the response speed of subjects to hole 
perception and found that the response speed to hole 
was much faster than the response speed to local 
features such as line segment direction. (2) With the 
electrophysiological ERP method, we studied the 
EEG characteristics induced by hole and line segment. 
The results showed that the N1 component of ERP 
induced by hole were smaller than that induced by 
line segment. N1 components in the primary visual 

cortex are activated more by local geometric visual 
stimuli than by hole[82]. (3) If the information 
processing of hole also involves the subcortical 
pathway? To address this issue, a backward masking 
paradigm combined with functional magnetic 
resonance imaging (fMRI) was applied to measure 
neural responses to hole and no-hole stimuli in 
anatomically defined cortical and subcortical regions 
of interest (ROIs) under different visual awareness 
levels by modulating masking delays. The results 
showed that, for no-hole stimuli, the neural activation 
of cortical sites was greatly attenuated when the no-
hole perception was impaired by strong masking, 
whereas an enhanced neural response to hole stimuli 
in subcortical sites was obtained when the stimulus 
was rendered invisible. The results suggested that 
whereas the cortical pathway was required to drive a 
perceptual response for no-hole stimuli, a subcortical 
pathway might be involved in coding the hole feature, 
resulting in a rapid hole perception in primitive 
vision[84] (Figure 3).

Fig. 3　The mean peak blood oxygen level-dependent (BOLD) signal intensity in LGN (a), visual cortex (b), SC (c) and 
pulvinar (d)[84]

(a) LGN, (b) visual cortex, (c) SC and (d) pulvinar. Error bars represent SEM. *P<0.05, **P<0.01. LGN, lateral geniculate nucleus; SC, superior 

colliculus; SOA, stimulus-onset asynchrony.
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Also we want to know if primary visual cortex is 
involved in topological information processing. Visual 
studies have found that visual function decline in 
elderly people is mainly manifested by decreased 
visual resolution, decreased visual spatial/depth 
perception and decreased visual acuity[70]. Therefore, 
we selected people with different ages as research 
subjects. The objective is to compare the differences 
in topological perception and other local geometric 
perception between the elderly and normal subjects.

In all groups, there was no difference in the 
average response time in the topological property 
discrimination task. However, there was a significant 
difference in the response time of the local geometric 
property discrimination task in the group of subjects 
aged over 70 years. This result supports the 
hypothesis that functional degradation of the visual 
cortex does not affect topological perception but 
affects local geometric perception. With the functional 
degradation of the visual cortex, the perception of 
topological properties in elderly people were not 
affected, indicating that topological perception does 
not require the involvement of the primary visual 
cortex[85].

To directly verify whether the primary visual 
cortex participates in the processing of visual 
topological information, we inhibited the function of 
the primary visual cortex to determine whether it has 
the same effect on topological information and non-
topological information processing. In this 
experiment, we used transcranial magnetic stimulation 
(TMS) to inhibit the primary visual cortex. The results 
show that non-hole perception was impaired, but not 
hole perception, strongly suggesting that information 
processing of hole is independent of the primary 
visual cortex[86].
2.2　The brain still has advantages in unconscious 
topological information processing

Previous studies have demonstrated that hole 
features have an advantage over non-hole features in 
conscious states. However, does the brain still have an 
advantage in unconsciously processing visual 
information? The binocular competition paradigm has 
become a common approach in consciousness 
research in recent years[45]. We used this paradigm to 
study this problem. Our results show that hole 
stimulation also has advantages over non-hole 
stimulation in unconsciously processing visual 

information. These results suggest that hole features 
can be processed unconsciously and that hole are 
more likely to break through the inhibition induced by 
binocular competition and enter consciousness than 
non-holes[87].

The above experiments consistently prove that 
the perception of topological properties is not carried 
out through classical visual pathways.

This evidence clearly indicates that local feature 
perception and topological feature perception are 
separated in the brain. Therefore, we believe that the 
functions of subcortical pathways are not limited to 
emotion-related visual information processing but 
have many more functions, such as early and rapid 
processing of the overall nature of visual information.

3　 Topological perception and subcortical 
pathway may be the neural basis of early 
warning

As mentioned above, subcortical pathway 
process both fear emotion, and topological 
information. Can we have a unified explanation about 
this? For this problem, our explanation is as following:

(1) Topology change and warning
We know that the vision in non-primate 

mammals is underdeveloped[75]. Most non-primate 
mammals do not have full trichromatic vision and are 
even color blind. In addition, the retina of non-primate 
mammals lacks a macular and has more rods and 
fewer cones than the retina of primates[88-91]. Thus, in 
addition to lacking complete color vision, these 
mammals also lack fine vision. Non-primate 
mammals receive olfactory, auditory and visual 
information from the outside world. For the warning 
response of external risk factors, the most effective 
information should be visual information, however, 
without color vision and fine vision, the external 
world in their eyes is very dim. This raises a question, 
what is the warning information extracted by the 
visual system?

In topological mathematics, the calculated 
objects have no concept of size, length and shapes. In 
fact, topology studies the invariance and continuity of 
objects in the process of spatiotemporal change. When 
the eyes detect an object appears or disappears in the 
background, the environment will undergo topological 
changes according to the definition of topology. In the 
actual situation, a change in the environment may 
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mean danger coming. Therefore, the ability to visually 
detect topological transformation is an innate defense 
and self-protection ability of animals. In non-primate 
mammals, although they cannot detect the shape, 
texture and other geometric features of objects, but 
their vision is competent for topological information 
processing. Newborns are sensitive to the topological 
changes, it is a defensive mechanism. Subcortical 
pathways in mammals may be responsible for this 
early warning function.

(2) Hole and face perception
Our study suggests that primates, possibly all 

mammals, have an innate discrimination advantage 
for hole. We consider that this advantage may be 
related to fear. From the perspective of the evolution 
of the visual pathway, the eye of non-primate 
mammalian has no cortical visual pathway, lacks fine 
vision and color vision, so it does not fit to see the 
landscape, but fits to detect changes in the 
environment , these changes may bring death to the 
animal.

In order to avoid danger, species have developed 
a set of defense mechanisms in evolution. One of 
these mechanisms is the establishment of fear which 
produces fear emotional response. Many of us have an 
inexplicable fear of holes. Why do we have such a 
fear? Several year ago, we have speculated that in a 
living environment, a hole, like a cave, might harbor a 
deadly killer, so animals are instinctively wary of 
holes and caves[92]. However, after our further analysis 
later, we believe that the sensitivity to holes is more 
likely to be the sensitivity to faces. Our face is made 
up of 7 holes, and the 3 holes, the eyes and mouth are 
the most distinctive features of the face. Of the 3 
holes, the eye is the most sensitive.

When tigers are hunting, they always attack from 
behind of prey rather than from front of prey. Bengal 
tigers are often seen in the mountains of Southeast 
Asia. In order to prevent the tigers from attacking 
people from behind, local people always put a picture 
of a human face on their backs.

So how does an animal know if it’s face to face 
with an opponent? Obviously, by looking at the 
opponent’s face, if the eyes and mouth can be seen, it 
means face to face and danger, it should immediately 
adjust the strategy to avoid danger and damage. When 
fighting face to face, animals always open their eyes 
and mouths wide to show the “holes” in their faces 
and intimidate each other. Almost all mammals fear 

eye-to-eye contact. When someone stares into another 
one’s eyes, it often causes alarm in this one being 
stared at.

In addition to the eyes, the animal’s mouth is 
also an important organ to convey information. When 
an animal sees a hole, it may mean a killer with a 
gaping mouth coming towards it. Usually to display 
power, animals are often open “big mouth” to give a 
warning to the opponent.

As mentioned above, newborns can distinguish 
faces and holes/non-holes clearly, in this time, their 
vision is still very blurred, and a study has reported 
that human fetuses show a preference for face-like 
shapes. Evolutionary principles suggest that these first 
developed functions must be relevant for individual 
survival.

In summary, in the early stage of vision, the 
brain detects signals that involve life or safety, which 
warns the brain that something appears and puts the 
brain into a state of alert that is essential to the 
survival of the species. Therefore, in the early stage of 
vision, the objects that need to be detected are only 
“appearance” and “disappearance”, rather than 
“texture”, “shape”, etc. Both “appearance” and 
“disappearance” are changes in topological features. 
The existence of topological perception and 
subcortical pathways may be the neural basis of early 
warning. “Early warning” may be one of the 
biological mechanisms of the existence of subcortical 
pathways.

4　 The eye of primates is a Mosaic of an 
older visual system and a younger one

When talking about the evolution of the nervous 
system, it is generally believe that as the cerebral 
cortex develops, the visual function of the midbrain 
was replaced by the function of cerebral visual cortex. 
The visual function of the midbrain became less 
important. However, from the above analysis, we can 
see that the subcortical visual pathway is very 
important for the survival of individuals, and its 
warning function enables individual to avoid risks. 
However, this important function does not exist in the 
cerebral visual cortex. We often say that in primates, 
the eye is a perfect structure, and not just because we 
have perfect fine and color vision, both of which are 
done by cortical visual pathways. But we may not 
notice that the peripheral area of retina is distributed 
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mainly with rod cells, the visual information 
processing in this area is mainly processed by 
subcortical visual pathway, this type of retinal 
structure existed more than one hundred million years 
ago. The area close to the center of the retina is the 
macular, the visual information processing in this area 
is mainly processed by visual cortex, cone cell density 
increased greatly, the visual spatial resolution 
becomes very high. This structure appeared only 50 
million years ago, so our eyes span at least 50 million 
years from the peripheral region to the central region, 
it is a Mosaic of an older structure and a younger one, 
and their coexistence gives us perfect vision. When 
we consider the significance of the existence of 
subcortical pathway, we should also consider the 
function of cortical pathways.

Even though we have the above findings, we do 
believe that we are still very shallow understanding of 
subcortical pathways. Besides the functions we 
mentioned above, are there more functions than those 
mentioned above? For example, some studies have 
found that many diseases, such as epilepsy, chronic 
pain, depression, autism are related to the 
amygdala[93-94], we do not know the relationship 
between these diseases and the amygdala function. Is 
there a unified mechanism behind these phenomenas 
and are the functions discussed above are only sub-
function? This is also something we need to further 
study.
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视觉皮层下通路与拓扑知觉*

余肇乾 1，2） 赵旭东 3） 杨丽川 2） 孟千力 3，4）** 戚仁莉 1）**

（1）昆明医科大学第一附属医院，昆明 650032；
2）昆明医科大学研究生院，昆明 650500；

3）中国科学院生物物理研究所，脑与认知国家重点实验室，北京 100101；
4）Department of Psychological and Brain Sciences, University of Delaware, Delaware 19701, USA）

摘要 研究表明，视觉通路除了经典的视觉皮层通路外，还有一条“古老的”、快速的皮层下通路负责在有意识和无意识状

态下快速处理与情绪相关的信息。皮层下视觉通路由上丘、枕核和杏仁核组成，而且不经过初级视觉皮层。我们前期研究

表明，初级视觉皮层与拓扑知觉信息加工没有关系，而皮层下视觉通路负责处理视觉拓扑信息。基于这些发现，我们认为，

在早期视觉中，大脑检测涉及生命攸关的信号，这些信号告诉大脑：环境中有物体出现或消失，使大脑进入警戒状态，这

对物种的生存至关重要。因此，在早期视觉中，需要检测的要素只是物体的“出现”和“消失”，而不是“纹理”、“形状”

等。“出现”和“消失”都是拓扑特征的变化。拓扑感知和皮层下视觉通路的存在可能是早期预警的神经基础。在灵长类动

物中，视网膜外周区域主要由视杆细胞构成，该区域接收的视觉信息主要通过皮层下视觉通路进行处理；视网膜中心区域

（即中央凹）主要由视锥细胞构成，视觉空间分辨率变得非常高，该区域视觉信息处理主要是由视觉皮层负责。研究表明，

由视杆细胞构成的视网膜是个“古老”结构，在1亿多年前就出现了；而视锥细胞构成的视网膜类型较为“年轻”，在5 000

万年前才出现。所以，我们的视网膜从“古老”结构演化到“年轻”结构至少用了5 000万年的时间，它是由一个古老结构

和一个年轻结构共同组成的“嵌合体”。当我们讨论皮层下通路存在的意义时，我们也应该结合皮层通路的功能来统一

考虑。

关键词 视觉皮层下通路，拓扑知觉，视觉信息处理，大脑皮层，演化
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