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Introduction

The Swedish physiologist Otto Christian Lovén
(1835-1904), while working in Carl Ludwig’s laboratory
in Leipzig, described in rabbits an inhibitory reflex in skin
generated by noxious stimulation of the skin and mediated
by cutaneous vasoconstrictor neurons [16]. Lovén found
that electrical stimulation of the central stump of the dorsal
nerve of the hind paw, a branch of the superficial peroneal
nerve (the nervus dorsalis pedis, a skin nerve), results in (1)
ipsilateral saphenous artery vasodilatation; (2) no vasodila-
tion but sometimes vasoconstriction in the ear lobe; and,
(3) systemic vasoconstriction causing an increase in blood
pressure. Conversely, stimulation of the central stump of the
posterior branch of the auricular nerve results in (1) vaso-
dilation in the ipsilateral ear lobe; (2) no vasodilation but
sometimes vasoconstriction of the saphenous artery; and, (3)
systemic vasoconstriction causing an increase in blood pres-
sure. Lovén concluded that vasomotor fibers innervating the
saphenous artery or ear blood vessels must be different from
the vasomotor fibers responsible for the increase in systemic
blood pressure and that vasodilation of skin vessels is gener-
ated reflexly by stimulation of afferents which innervate the
same skin territory that is innervated by the cutaneous vaso-
motor fibers or a close-by territory. Lovén did not comment
on his results as being generated by decreased activity in
vasoconstrictor neurons or activation of vasodilator neurons;
the details of the concept of nerve-mediated vasoconstriction
and vasodilation developed much later. Lovén’s observation
went into the literature as the “Lovén reflex.”
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Bayliss [2] reproduced the Lovén reflex indirectly for
skeletal muscle in dogs by using plethysmography to meas-
ure the volume change of the hindlimb, which is largely
dependent on blood flow through the skeletal muscle. Elec-
trical stimulation of the distally cut lumbar dorsal root L6
elicited vasodilation in the hindlimb, whereas electrical
stimulation of the median nerve elicited vasoconstriction in
the hindlimb. Bayliss and other authors of textbook chapters
describing the Lovén reflex [1, 3, 5, 6] believed that the
reflex vasodilation resulting from stimulation of likely noci-
ceptive afferents innervating the same tissues as the effer-
ent sympathetic fibers is likely to be a general phenomenon
everywhere in the body. Thus, Lovén’s results were gener-
alized to organs other than the skin, although Lovén never
investigated the reflex inhibition in other organs. The Lovén
reflex was described in Anglo-American but not in German
textbooks. It has been forgotten since the 1950s.

Neurophysiological studies in animals

The Lovén reflex in cutaneous vasoconstrictor (CVC) neu-
rons was rediscovered in my laboratories in Heidelberg [7]
and in Kiel [9, 10] and extended to muscle vasoconstric-
tor (MVC) neurons [15]. The activity was recorded from
postganglionic CVC or MVC axons innervating the hind
limb in anesthetized cats or rats in vivo. Nociceptive affer-
ent neurons in the skin were stimulated mechanically or in
skeletal muscle by application of hypertonic saline (Fig. 1).
Noxious stimulation of the hind paw skin leads to inhibition
of the activity in most CVC neurons innervating the same
hind paw, but not to inhibition (or even to weak excitation)
of most CVC neurons innervating the contralateral hind paw.
Most MVC neurons innervating the ipsilateral or contralat-
eral hindlimb are not affected or weakly excited by these
cutaneous stimuli. Noxious stimulation of skeletal muscle

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s10286-020-00755-5&domain=pdf

150

Clinical Autonomic Research (2021) 31:149-152

Fig. 1 A hypothesis on the
organization of the inhibi-

tory nociceptive reflexes in

the cutaneous vasoconstrictor
(CVC) system and the muscle
vasoconstrictor (MVC) system.
Stimulation of cutaneous noci-
ceptive afferent neurons leads
to inhibition of ipsilaterally
projecting CVC neurons but not
of MVC neurons. Stimulation
of muscle nociceptive affer-

ent neurons leads to inhibi-

tion of ipsilaterally projecting
MVC neurons but not of CVC
neurons. The inhibitory reflexes
are organized at the level of

the spinal cord. The inhibitory
interneurons (indicated by ©)
are possibly located in the same
spinal segments as the pregan-
glionic vasoconstrictor neurons.
The spinal nociceptive inhibi-
tory reflex pathways are largely,
but not entirely, lateralized. It
is hypothesized that they are
under differential supraspinal
control. BV blood vessel, DRG
dorsal root ganglion, L lumbar,
symp ggl sympathetic ganglion.
Modified from [15]
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leads to strong inhibition of activity in most MVC neurons
of the same extremity; CVC neurons are not inhibited by
these noxious muscle stimuli but, in contrast, are excited
(Fig. 1). These functionally distinct inhibitory nociceptive
reflexes in vasoconstrictor neurons demonstrate the close
integration between nociceptive and vasoconstrictor systems
at the spinal cord level.

The pathways of the nociceptive inhibitory reflexes are
most likely spinal. This has been tested for CVC neurons on
cats with chronic spinal cord transections [8, 13]. The inhibi-
tory nociceptive reflexes take time to recover after spinal
cord transection because of the spinal shock due to the inter-
ruption of descending supraspinal systems. This indicates
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that they are under powerful supraspinal control (red arrows
in Fig. 1). The inhibitory interneurons are hypothesized to be
located in the upper lumbar segments for the lower extremi-
ties (Fig. 1).

Human studies

Blumberg and Wallin [4] have shown that painful intraneural
electrical microstimulation in the superficial peroneal nerve
at the ankle, at a strength that excites thinly myelinated (AJ)
nociceptive afferents, elicits reflex dilation (an increase of
blood flow measured with laser-Doppler flowmetry) in skin
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areas adjacent to, as well as in, the territory of the stimu-
lated nerve. In addition to causing vasodilation ipsilaterally,
this stimulus also evokes a lesser vasodilator response in
the corresponding skin area of the contralateral limb. The
vasodilation in the ipsi- and contralateral skin is abolished
by local anesthesia of the stimulated nerve proximal to the
stimulation site. Finally, the dilation is enhanced by body
cooling (i.e., when the activity in cutaneous vasoconstrictor
neurons is high) arguing that the reflex vasodilation is pro-
duced by the decrease of activity in CVC neurons and not by
activation of cutaneous vasodilator neurons. Thus, this reflex
in human beings appears very similar to the inhibitory reflex
in CVC neurons elicited by cutaneous noxious stimuli in
anesthetized cats and rats. Whether this inhibitory reflex in
humans is spinal is yet to be determined, e.g. in experimental
studies on patients with chronic spinal cord injury.

Clinical implications

The potential clinical implications of the Lovén reflex are
considerable. How do these putative spinal nociceptive
inhibitory vasoconstrictor reflexes behave under physiolog-
ical and pathophysiological conditions, i.e. under chronic
activation of the nociceptive system (e.g., during chronic
inflammation or chronic nerve injury)? These implications
are expressed in five hypotheses:

1. The inhibitory spinal reflex systems are switched on
during the injury of peripheral tissues, promoting heal-
ing. Thus, inflammation of peripheral tissues sensitizes
nociceptors; the inhibitory reflex in the vasoconstrictor
pathway to the inflamed tissue is activated and the blood
flows through the tissue increases.

2. The vasodilatation observed in the innervation territory
of a partially injured nerve, and in the innervation terri-
tory of neighboring nerves, is thought to be due to lesion
of sympathetic vasoconstrictor axons. However, based
on our experimental findings, spinal inhibition of activ-
ity in preganglionic vasoconstrictor neurons may also be
involved. This mechanism may operate in patients with
complex regional pain syndrome (CRPS) in the acute
phase [12].

3. The inhibitory spinal systems may change plastically
during chronic tissue or nerve inflammation and injury
leading to a decrease in functioning of these spinal
inhibitory systems and to the development of positive
feedback systems. These changes may occur in patients
with CRPS in the chronic phase [11, 12].

4. The inhibitory spinal systems are involved in autonomic
responses (e.g., increased blood flow) in specific regions
in patients suffering from deep somatic tissue injury
[11].

5. The inhibitory spinal systems connected to deep somatic
tissues are activated during manual interventions at the
paraspinal deep tissues in patients with functional dis-
eases involving deep somatic tissues or viscera. The
manual interventions activate deep somatic small diame-
ter myelinated and unmyelinated high and low-threshold
afferents. This afferent activation leads to an increase of
blood flow through the deep somatic tissues mediated
by the inhibitory reflex in vasoconstrictor neurons and
to the relief of pain furthering the cure of functional
diseases [14].

Lovén also contributed with discoveries in the fields of
histology (taste buds, gastrointestinal lymphoid system), and
the physiology of muscular contraction, but it is the descrip-
tion of this reflex evidencing a close integration between
nociceptive and vasoconstrictor systems at the spinal cord
level that has the most immediate clinical applications for
patients with autonomic disorders, such as CRPS [17] and
spinal cord injury.
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