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Abstract
Objective and Background—The characteristic throbbing quality of migraine pain is often
attributed to the periodic activation of trigeminovascular sensory afferents triggered by the
distension of cranial arteries during systole, but direct evidence for this model has been elusive.

Design and Methods—Patients with throbbing migrainous pain were asked to signal in real
time the occurrences of their subjective experience of pulsating pain, during which time their
arterial pulse was independently monitored.

Results—Overall, the throbbing pain rate (61.7 ± 5.5 SEM) was substantially slower than the
arterial pulse rate (80 ± 2.6 SEM, p < .02), and among the few individuals in whom the two rates
were the same or nearly the same, the occurrences of throbbing and arterial pulsations fell in and
out of phase with each other.

Conclusions—The lack of a simple correspondence between the subjective experience of
throbbing pain and the arterial pulse would at the very least require extensive refinement of the
prevailing view that the subjective experience of throbbing migraine pain is directly related to the
distension of cranial arteries and activation of associated sensory afferents.

Introduction
The subjective quality of pain is an important consideration in the clinical evaluation,
because it is presumed that a specific pathophysiological relationship exists between the
underlying disorder and the experience of that pain. However, little is known about the
neurobiological basis for the qualitative aspects of these distinctive subjective experiences,
or percepts, such as burning, shooting, and throbbing pain. Pain-responsive primary afferent
neurons have increased spontaneous and evoked activity after tissue or nerve injury 1, 2, but
this evidence falls far short of explaining the elaboration of these distinct pain qualities, and
it does not at all explain how other disorders of the central nervous system can
independently produce apparently similar subjective experiences 3, 4.

One pain quality widely regarded as peripheral in origin is throbbing pain, such as in
migraine headache. The prevailing view is that throbbing pain arises from the pulsatile flow
of blood, and that the periodic distension of cranial arteries during systole activates closely
associated sensory afferents with a corresponding temporal pattern. Indeed it is well known
that certain vasoactive agents, and even digital compression of the cranial arteries, can
reduce the severity of or even abort a migraine attack, and several lines of evidence support
the existence of both intracranial and extracranial modulators of that pain 5–8. However,
there is little if any direct evidence for a correspondence between this throbbing percept and
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the stimulation of mechanically activated cranial sensory afferents 9. A precise distinction
between the peripheral origins (i.e., the afferents associated with cranial arteries) and the
possible central nervous system (CNS) origins of the temporal patterning of throbbing pain
may lead to insights that indicate novel and clinically relevant neurobiological targets for the
relief of throbbing pain.

Case Studies
The symptom of throbbing pain was examined in 20 consecutive patients reporting
throbbing pain during a routine office visit. These patients had headache disorders consistent
with the International Headache Society criteria (ICHD-II) for chronic migraine, frequent
episodic migraine, or a combination of the two, and their demographics are shown in the
Table.

The rate and timing of each patient’s throbbing pain was compared to the rate and timing of
his or her own arterial pulse in the following manner. The patient signaled the subjective
beat-to-beat occurrences of the percept, while the rate and timing of those pulsations, as well
as the patient’s radial artery pulse, were recorded (without providing the patient with any
feedback regarding their arterial pulse). The timing and correlation between each patient’s
self-report of throbbing pain and the arterial pulse was also noted, and is summarized in the
Table and the Figure. To confirm patient understanding and accuracy of the task, the patient
was asked to similarly report a series of taps that were given to the back of the shoulder.

Overall, the average heart rate of 80.0 ± 2.6 SEM was significantly higher than the average
throbbing rate of 61.7 ± 5.5 SEM (p < .02, Student’s t-test). The Figure is a scatterplot of
subjective throbbing and arterial pulse rates, which illustrates that for any given individual
the arterial pulse rate and the reported throbbing pain rate were almost always unequal (i.e.,
their points do not occur on the x=y identity line). Moreover, a best-fit curve would indicate,
if anything, an inverse relationship between the two.

On a beat-to-beat basis, individuals with small differences in throbbing pain and arterial
pulse rates underscored the lack of correspondence between the two, as the individual
occurrences fell both in and out of phase with each other for prolonged periods of time,
apparently independently. In the two cases in which the rates were numerically equal, again
the beat to beat occurrences fell in and out of phase with each other as the arterial pulse
varied with the sinus arrhythmia of respirations, without a corresponding change of rate in
the reported throbbing pulsations of pain.

Discussion and Conclusions
The so-called “vascular hypothesis” of migraine has undergone substantial refinement since
it was first proposed 10. The early observations of Graham and Wolff emphasize the
association between the amplitude of the arterial pulse wave during a migraine attack and
the pain intensity, rather than the rate or timing of the painful pulsations 5. However,
subsequent studies employing modern techniques have failed to reproduce such striking
evidence for pathological vascular reactivity in migraine 8, 11–13, and agents with profound
vasodilatory actions do not necessarily produce migrainous pain 14, calling into question
fundamental aspects of the original hypothesis15.

At its core, however, the vascular hypothesis embraces the prevailing view that an intimate
association between trigeminal afferents and the cranial vessels, the so-called
trigeminovascular unit, is directly involved in the throbbing percept. Specifically, this view
implies that the pulsatile distention of cranial arteries during systole activates mechanically
responsive afferents, which directly underlies the subjective experience of throbbing pain 5.
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However, Strassman and Levy have previously summarized the lack of any direct evidence
for the activation of mechanically sensitive afferents that could serve as the physiologic
basis for throbbing percepts, both in humans as well as in animal experimental models 9.
Rather, existing evidence would suggest that mechanically responsive arterial afferents
function as baroreceptors 16 and that robust vasodilation alone is insufficient to activate or
sensitize cranial nociceptors 17. The present preliminary observations challenge the
existence of a simple one to one correspondence between arterial pulse and the subjective
experience of throbbing pain. If confirmed, this aspect of the vascular hypothesis would also
require considerable refinement.

Other potential sources for a pulsatile activation of mechanosensory afferents include dural
sinus/venous pressure 18, or intracranial pressure 19, but these are also at least in part
related to arterial pulsations, and so the pulsatile activation of mechanically responsive
sensory neurons under normal physiological conditions is unlikely. However, the lack of a
peripheral source for the throbbing percept is still fully compatible with confirmed clinical
observations that the activation of peripheral afferents, such as with changes in intracranial
pressure from coughing, bending or turning 7, or direct compression of an extracranial artery
8 can modulate the intensity of the headache, as these reports did not make any claims as to
the rate of throbbing pain. Accordingly, the present preliminary observation should be tested
further, by determining whether peripheral afferent activation or changes in arterial pulse
rate can modify the subjective throbbing rate.

The pathophysiology of throbbing pain is also a concern with broader relevance to other
pain conditions. Although many of these conditions clearly have a peripheral source of
afferent activation (such as dental pain), there is still a paucity of empirical data to account
for the mechanisms of the subjective experience of throbbing pain in all of these cases.

Regardless of whether throbbing pain is ever accompanied by pulsatile afferent activity, it is
also certainly the case that further brain processing of primary nociceptive input is required
for the experience of pain 20–22 and that the brain can encode temporal variation in
spontaneous pain 23. Although speculative, an alternative location for the “pacemaker” of
the throbbing percept is within the central nervous system, where the awareness of a
throbbing percept is also presumed to reside 24, 25, and could possibly account for the
existence of throbbing pain in other disorders of the brain 3, 4. Such a central pacemaker, if
shown to exist, would bring greater attention to the CNS as an important potential target for
the control of this kind of clinically significant pain.
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SEM standard error of the mean

CNS central nervous system
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Figure.
Scatterplot of individual subjective throbbing pain rates and radial artery pulse rates. A best-
fit curve, if anything, demonstrates an inverse relationship between the heart rate and
throbbing pain rate (R2 =.13), whereas an x=y relationship would be predicted under a
simple model of the vascular hypothesis.
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Table

Demographics and IHS diagnoses for the 20 individuals presented. MO: migraine without aura, MA: migraine
with aura, CDH: chronic daily headache, HR: arterial pulse rate, TR: throbbing pain rate.

Age Gender Diagnoses HR TR

58 F MO episodic 74 58

58 F MO CDH 105 21

21 F MO episodic 80 60

42 F MO CDH 76 10

60 M MO CDH 70 90

58 M MO CDH 82 24

35 F MA CDH 94 94

44 F MO CDH 74 74

18 F MO CDH 86 70

67 F MA episodic 84 78

87 F MO CDH 80 50

25 F MO CDH 78 60

35 F MO CDH 85 24

53 M MO CDH 55 76

19 F MO CDH 60 84

19 F MO CDH 72 82

36 F MA CDH episodic 80 84

39 F MA CDH episodic 100 55

47 F MO CDH episodic 80 76

36 F MA episodic 84 64
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