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In Search of the Causal Mechanisms of Chest Pain

Juan Carlos Kaski, DSC, MD, DM (Hons), FRCP, FESC, FACC, FAHA

Typical chest pain is often associated with myocardial 
ischemia, caused by atheromatous plaques that reduce 
coronary flow in certain myocardial regions. However, 
there are subgroups of patients who consult for typi-
cal pain on exertion, or are admitted to emergency 
care or chest pain units, in whom the angina pain is 
not associated with obstructive coronary artery dis-
ease. A proportion of these patients has “microvascu-
lar angina” (angina caused by coronary microcircula-
tion dysfunction) (1) and in these cases –as in patients 
with obstructive coronary artery disease–, myocardial 
ischemia is responsible for angina pain. There is also 
a group of patients with typical chest pain that cannot 
be attributed to a specific cause or mechanism. These 
subjects are a complex issue, because therapies that 
are effective in patients with myocardial ischemia do 
not solve the problem in these cases. (2)

At present, pain management in general –and not 
only that associated with ischemia– is usually prob-
lematic, possibly due to the lack of knowledge on the 
pathophysiology of pain. Pain is a conscious experi-
ence that implies an “interpretation” of the effect a 
nociceptive stimulus has on the body. This interpreta-
tion is influenced by memories, emotional responses, 
impulse transmitters, ethnic and genetic factors, and 
cognitive status of the individual. There is not always 
a direct association between pain and the nociceptive 
impulse, nor does pain have a protective function in 
all cases. (3)

Since pain is a subjective experience involving 
many components, there is a huge and complex net-
work in the nervous system to “process” pain. This 
brain network is often known as the “pain matrix” 
and includes –in simple words– sensory-discrimina-
tive and cognitive-affective areas (4), which have been 
thoroughly investigated in the last two decades due to 
the availability of improved imaging techniques and 
other major technological developments. 

In this issue of the Journal, Ochoa et al (5) present 
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the results of a small prospective, comparative study 
on women with cardiac syndrome X (typical chest pain 
in the absence of obstructive coronary artery disease), 
women with documented coronary artery disease, and 
a control group including women without any known 
cardiac disease. The main purpose of this work was 
to investigate the anatomic characteristics of afferent 
pathways that convey nociceptive impulses, producing 
a sensation of chest pain in patients with syndrome 
X and in those with coronary artery disease. To this 
end, the authors used a diffusion MRI tractography 
technique, which allows studying the two primary so-
matosensory pathways in vivo: the medial lemniscus 
and the lateral spinothalamic (LST) tract. Ochoa et 
al (5) have compared the characteristics and integrity 
of the LST tract and its thalamocortical fibers in pa-
tients with syndrome X and in those with coronary 
artery disease.

Tractography –used in neuroscience– is a three-di-
mensional modeling technique used to visualize neu-
ral tracts using data collected by diffusion tensor im-
aging. Its use has been briefly commented in Ochoa’s 
article (5). It combines special techniques of magnetic 
resonance imaging and computer-based image analy-
sis. (6) In addition to the long tracts that connect the 
brain with the rest of the body, there are complex neu-
ral networks, made up of shorter connections, among 
different cortical and subcortical regions. These spe-
cial fiber tracts cannot be identified with current im-
aging techniques but are detected with tractography. 
With this technique, the resonance sequences are 
used to set the “symmetry” of water diffusion in the 
regions of interest. Water diffuses evenly in all direc-
tions in so far no barriers prevent such diffusion (iso-
tropic diffusion). However, if water spreads in regions 
with “barriers”, diffusion will be asymmetric; this 
asymmetry is called “anisotropy”. The special fibers 
in conducting tracts direct water diffusion asymmet-
rically, with predominance of the major axis, parallel 
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to the fiber pathway (“tensor”). In the white matter, 
the main barrier to water diffusion is the axon myelin. 
The axonal tracts show resistance to perpendicular 
water diffusion, and present a channel for diffusion 
parallel to the direction of the fiber pathway. The use 
of this technique has offered many possibilities to in-
vestigate neurophysiological processes, including re-
search on pain transmission. (7)

Ochoa et al (5) found no differences in the physi-
cal characteristics of the tracts, but they did find a 
significant difference in the number of voxels in the 
three groups of patients analyzed. This study (5), in a 
reduced group of patients and healthy controls, is not 
strong enough to draw specific conclusions regarding 
the nature or mechanisms of chest pain in patients 
like the ones included in the study. However, its great-
est worth is to have demonstrated that it is possible 
to assess neurological tracts involved in pain trans-
mission in this group of patients, and to have opened 
up an interesting line of research in this field. Pain 
is very difficult to investigate and manage due to its 
complexity. To understand the nature and mecha-
nisms of chest pain in patients with angina –with or 
without coronary artery disease– is one of the most 
important challenges that clinical cardiologists have 
to face today. Knowing these mechanisms would prob-
ably lead to the development of more effective strat-
egies than those currently implemented for patient 

management, many of whom have a very poor quality 
of life due to the presence of angina pain, often unre-
lated to myocardial ischemia.
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