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Kline and Hudson (3) defined causalgia as
“a very characteristic and exquisite burn-
ing pain that begins in the distribution of

an injured peripheral nerve and then spreads
beyond it” (3, p 515). Kline and Hudson set
down other important characteristics: there is
disturbance of sympathetic fiber function with
vaso- and sudomotor instability; examination
of the limb is often impossible because of
intense mechanical allodynia “even if the
patient’s attention is distracted by the exam-
iner”; causalgia is almost always caused by
injury to a major trunk nerve; and, finally, the
pain is relieved, at least temporarily, by sym -
pathetic block and is usually permanently
relieved by sympathectomy. In an illustrative
case involving causalgia that resulted from a
gunshot wound to the infraclavicular part of
the brach ial plexus, only temporary relief fol-
lowed repair of a false aneurysm of the axillary
artery and neurolysis of the lateral cord of the
brachial plexus. Later, pain was cured by sym-
pathectomy.

Mitchell (7) thought that causalgia was “the
most terrible of all the tortures which a nerve
wound may inflict” (7). He described the partic-
ular characteristics of causalgia: it is burning,
“mustard red hot,” or like a “red hot file rasping
the skin” (7). There is intense mechanical allo-
dynia, so that “exposure to the air was avoided
by the patient with a care which seems absurd”
(7). Some of his patients ob tained relief by keep-
ing the affected skin wet. Two men found some
ease by pouring water into their boots. Mitchell

described the association with trophic changes
in the skin, pointing out that the onset of pain
invariably preceded these changes.

Tinel (12) restated Mitchell’s findings: “what
patients most dread is contact with the air and
dryness of the hand; tepid water often relieves
them, and we see them wrapping round their
hands moist cloths which they constantly
renew. It is also to be noted that profuse per-
spiration of the hand frequently takes place”
(12, p 188). Tinel drew attention to the role of
external stimulation: a strong emotion, an
unexpected sound, or a brilliant light might
bring on pain. In reflecting on the role of the
sympathetic system, he referred to the work of
Leriche, Meige, and Bénisty: “undoubtedly
vaso-dilatation or vasoconstriction of the skin,
profuse sweats, and recrudescence of pain
through emotion, call forth the idea of sympa-
thetic disturbances . . . . All these facts may
justify the intervention proposed by Leriche:
denudation of the brachial artery and resection
of the sympathetic plexus surrounding it. We
have performed this operation several times
with favourable results in cases refractory to all
other treatment” (12, p 191–192).

Evidently, causalgia is a complication of war
wounds, and the Special Committee of the
Medical Research Council defined causalgia in
1920 by a number of characteristics: it is spon-
taneous; it is hot or burning, intense, and dif-
fuse; it is brought on by light, normally non-
painful stimulation of the limb; and it often
leads to great psychological distress. World
War II led to a closer definition of causalgia
and establishment of its successful treatment
by sympathectomy. Barnes (1) reserved the
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diagnosis of causalgia for pain that occurs after injury to a
major trunk nerve, with the following characteristics: pain is
severe, spontaneous, and persistent; it usually possesses a
burning quality; the pain extends beyond the territory of the
involved nerve; and it is invariably aggravated by physical and
emotional stimuli. In 48 patients, nerves were incompletely
transected by penetrating missile wounds; the injured nerves
included the lower trunk or medial cord of the brachial plexus,
the median nerve, and the tibial division of the sciatic nerve.
All of these trunks had a large afferent component and con-
tained a rich population of postganglionic sympathetic efferent
fibers. Sympathetic block brought relief in 27 of 31 cases (1).

Our earlier experience with causalgia was reported in 1998
(2). The diagnosis can be made from the history alone, because
the clinical presentation is so characteristic: “There has been a
wound to the proximal part of the limb. There has been partial
damage to a major nerve trunk. There is spontaneous persist-
ent pain, very often of a burning nature; pain is localized prin-
cipally in the distribution of the nerve or nerves affected, but
spreading beyond that distribution; pain is aggravated by
physical and emotional stimuli; there is association of pain with
hyperaesthesia and hyperalgesia of the skin in the distribution
of the nerves affected; and there is association with disturbance
of the circulation and sweating. Allodynia and hyperpathia are
present” (2).

ILLUSTRATIVE CASE 1

A 23-year-old man was shot in the arm by a bullet from a hand gun
during a bank robbery Fig. 1A. He experienced immediate and
intense searing pain in the arm, forearm, thumb, and index, middle,
and ring fingers. Nothing relieved this. We first saw him at 3 weeks
after injury. He was quiet, even withdrawn, answering questions in
monosyllables. He had lost weight and was exhausted from lack of
sleep. The affected arm was held cradled against his body; he could
not tolerate light touch or the pressure of contact from a sleeve. Light
drafts were intolerably painful. The hand was swollen and mottled,
with alternating red and blue discoloration, and there was profuse
sweating. The nails were coarse, and the hairs on the back of the
hand had overgrown. This man found some relief keeping the hand
and forearm wrapped in a moist towel, onto which he frequently
poured cool, but not cold, water. An injection of a local anesthetic into
the cervical sympathetic chain brought relief within minutes, the
relief coming seconds after development of a Bernard-Horner sign
and a short while before vaso- and sudomotor paralysis appeared in
the hand. Sympathectomy abolished the burning pain and allodynia;
this unmasked the deficit from the injury to the median nerve itself.
The nerve was repaired by partial resection and grafting; two-thirds
of it had been transected by the bullet Fig. 1B. Pain relief was com-
plete. At 3 years, the patient noted only imperfect sensation in the
thumb and index finger, but little else abnormal.

The significance of associated arterial lesions became clear in an
analysis of 50 cases of penetrating missile injuries to the brachial plexus
(10). In 9 of the 10 cases of causalgia, there was a false aneurysm or arte-
riovenous fistula in close relation to the injured nerve. Pain was abol-
ished by correction of the vascular lesion combined with repair of the
injured nerve. In all cases, prolonged infusion of local anesthetic above
the nerve trunk, proximal to the lesion, induced both somatic and sym-
pathetic block. Sympathectomy was performed in 2 nerve cases.
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ILLUSTRATIVE CASE 2
A 37-year-old man sustained a low-energy-transfer bullet injury with

an entry wound in the right upper chest and an exit wound in the pos-
terior axillary fold. He presented 2 months after injury with causalgia,
right heart failure, and palsy of the median, musculocutaneous, and
radial nerves. There was a bruit in the axilla and a continuous roaring
murmur. Digital subtraction angiography confirmed a broad-based
arteriovenous fistula between the axillary artery and vein Fig. 2. The
fistula was excised, the vessels were repaired, and a 3-cm-long lesion of
the lateral cord and median nerve was also repaired. The radial and

FIGURE 1. A, photograph of a 23-year-old man who was shot in the arm
by a bullet from a hand gun during a bank robbery. He experienced imme-
diate and intense searing pain in the arm, forearm, thumb, and index, mid-
dle, and ring fingers. Sympathectomy abolished burning pain and allody-
nia; this unmasked the deficit from the injury to the median nerve itself. The
nerve was repaired by partial resection and grafting. B, photograph show-
ing that two-thirds of the nerve had been transected by the bullet.
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ulnar nerves were liberated from scar. Local anesthetic was infused
through an indwelling catheter based proximal to the level of lesion for
72 hours after the operation. Pain was abolished by the first postoper-
ative day, and this relief was lasting. At 4 years after the injury, the
patient remained free from pain and had useful overall function.

Our experience is summarized in Tables 1 and 2. Missile injury of
one sort or another was the cause in 33 of 48 cases, and there was a
major arterial injury in 22 cases. In 32 cases, operation was directed to
the nerve lesion itself and to the associated vascular injury, and pain
was relieved without recourse to sympathetic block or sympathectomy.
Although it could be said that these patients did not have causalgia, it
might be that our practice of infusing local anesthetic above the nerves
proximal to the lesion introduced an element of sympathetic blockade.
In 14 cases, a successful response to sympathetic block was followed by
sympathectomy. Pain was abolished in 11 patients. In 32 other patients,
causalgia was cured by correcting the lesion of the nerve and of the
adjacent axial artery.

In most cases, the syndrome was provoked by a penetrating missile
wound in the neck, the axilla, the buttock, or the thigh. Stenning et al.
(9) described 20 patients with nerve palsy of delayed onset or nerve
lesion transfer deepening while under observation, caused by arterial
injury from a low-energy injury to the shoulder. Two neuropathic pain
syndromes were observed. Neurostenalgia, the pain evoked from a
nerve that is anatomically intact but is distorted, trapped, compressed,
or ischemic, was seen in 16 patients. Neurostenalgia may be intense,
but it is expressed within the territory of the affected nerve, and there
is no clinical evidence of sympathetic hyperactivity. Causalgia was rec-
ognized in 2 patients. There was early and permanent relief of pain in
all patients after corrective operation, which was performed at intervals
ranging from 24 hours to 120 days.

We have seen causalgia complicating total hip arthroplasty in which
the provocation of a partial wounding of the sciatic nerve was com-
pounded by an expanding hematoma. Spontaneous resolution of
causalgia has been described to us by 7 patients who were sent to us, at
an interval of 3 months or more, with nerve lesions incurred during hip
arthroplasty. Three cases were seen in children. The following case illus-
trates the confusion surrounding recognition and treatment of causalgia.

ILLUSTRATIVE CASE 3

A 13-year-old girl with spastic quadriparesis, complicated by
epilepsy and visual impairment, underwent operation of hamstring to
extensor transfer at the knee with the object of improving flexion con-
tracture at that joint. She awoke in intense pain. Allodynia was so
severe that the limb could not be examined. At 72 days after the oper-
ation, a neurophysiological examination confirmed loss of conduction
in both divisions of the sciatic nerve. She was transferred to our unit at
74 days. The note on admission stated, “she is often frightened of med-
ical staff.” Her mother had found that some relief had followed
swathing the leg in a towel soaked in cold water, but no contact with
the skin was otherwise tolerated. Neither mother nor child had slept
through the night since the first operation, and the child, fed by gas-
trostomy, had lost 12.7 kg in weight. Very limited inspection of the
limb was possible. The foot and knee lay in extreme flexion. The foot
was discolored and bluish, with excessive sweating, and there was a
clear boundary between skin of normal color and discolored skin at the
knee. This boundary marked the area of allodynia.

The nerves and vessels were exposed by a long posterior midline
incision. There was massive fibrosis in the popliteal fossa. The popliteal
artery was narrowed and deviated. The tibial nerve was bound down
in fibrosis over a length of 10 cm. The epineurial vessels were obliter-
ated. The common peroneal nerve was constricted to less than one-half
of normal diameter over a length of 8 cm, and epineurial vessels were
obliterated along this segment. This appearance seemed consistent with
bleeding from a branch of the popliteal artery; the lesion of the nerves
was one of traction, ischemia, and intense compression. A wide neurol-
ysis was performed, and local anesthetic was infused around both divi-
sions of the sciatic nerve for 48 hours. Although there was early relief
of allodynia within the territory of the tibial nerve, mechanical allody-
nia persisted in the territory of the common peroneal nerve for some
months. There was early improvement in the color of the skin of the leg
and foot. By 3 months, the child had regained active movement of the
ankle and toes, and she could tolerate her mother putting on a shoe and
sock; by 6 months, her general condition was improved, and her sleep
was undisturbed. Residual pain and hypersensitivity in the dorsum of
the foot resolved at 10 months. Her mother noted that, even as late as
18 months after the second operation, there was persisting color change
in the foot, long after relief of the mechanical allodynia.

FIGURE 2. A 37-year-old man who sustained a low-
energy-transfer bullet injury with an entry wound in
the right upper chest and an exit wound in the posterior
axillary fold. He presented 2 months after injury with
causalgia, right heart failure, and palsy of the median,
musculocutaneous, and radial nerves. There was a bruit
in the axilla and a continuous roaring murmur. Digital
subtraction angiography (A and B) confirmed a broad-
based arteriovenous fistula between the axillary artery
and vein.
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The role of the sympathetic nerves in the maintenance of causalgia is
controversial. The concept of sympathetically maintained pain received
a blow when Thomas and Ochoa (11) urged caution in accepting an
explanation of pain states that was apparently so simple and attractive:
“This classification perhaps carries patho-physiological connotations in
that it endorses or rejects a role for the sympathetic system in maintain-
ing the pain. The term has been understandably welcomed by anesthe-
siologists who are handed the privilege of responsibility for pursuing a
patho-physiological diagnosis that may condemn neurological patients
to multiple diagnostic therapeutic blocks or sympathectomy. While sym-
pathetic events might well influence the abnormal sensory physiology in

some of these patients, it is not scientifically rigorous to assume that the
sympathetic nervous system has a pathogenic role in determining pain,
on the weaknesses of the subjective response of a patient to ritualistic
medical intervention” (11). Evidently, many patients have been subjected
to sympathetic blocks even though there was a persisting active noxious
agent at work at the level of the lesion, such as retained metallic frag-
ments or other foreign bodies, pressure by hematoma or by fibrosis of a
resolved hematoma, or distortion by a false aneurysm or arteriovenous
fistula. We abandoned sympathectomy in 1998.

Intense mechanical allodynia is a cardinal sign in causalgia. It arises
from the misinterpretation of nonpainful stimuli, such as light touch, as

TABLE 1. Causalgia: response to sympathetic block or sympathectomy (16 cases)a

Age
(y)/sex

Nerve Cause
Pain response to

sympathetic block
Pain response to
sympathectomy

Other treatment

23/M Median nerve Hand gun Relief Pain relief Nerve repair

48/M C7 Hand gun Pain relief Neurolysis

24/M Medial cord Shot gun Relief Pain relief Removal of pellets, neurolysis

31/M Sciatic thigh Fragments Relief Pain relief Removal of fragments,
neurolysis

34/M Lateral cord, AV fistula Shot gun Relief Pain relief Correction of fistula

43/M Median, axilla, rupture of
axillary artery

Shot gun Relief Pain relief Repair of artery and nerve

24/M Upper and middle trunks,
retroclavicular subclavian
aneurysm

Shot gun Relief Pain relief Repair of artery and nerve

31/M Median, ulnar, axilla Fragments No relief Pain relief Removal of fragments,
neurolysis

28/M Sciatic hip Rifle bullet Relief Pain relief Neurolysis

34/F Median arm, brachial
aneurysm

Iatrogenic Relief Repair of artery, neurolysis

55/F Sciatic hip Iatrogenic cement
burn

Some relief No relief Some relief from graft of tibial
divisions

64/F Sciatic hip Iatrogenic retractor
injury

Relief of allodynia No relief Neurolysis with tissue cath -
eter, relief of burning pain

68/F Femoral hip Crush injury by
retractor

Relief for 7 d No relief Neurolysis with tissue
catheter, transient relief

21/M C7 Bullet Relief Relief Neurolysis

43/M Median arm, rupture of
axillary artery

Bullet Relief Relief Repair of artery, delayed graft
of nerve

24/M Upper trunk, aneurysm
subclavian artery

Bullet Repair of aneurysm, graft of
upper trunk

a AV, arteriovenous.
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a AV, arteriovenous; CPN, common peroneal nerve.

TABLE 2. Causalgia: response to direct treatment only (32 cases)a

Age
(y)/sex

Nerve Cause Treatment
Pain

response
Recovery

18/F Tibial nerve False aneurysm tibial
artery, iatrogenic

Repair of aneurysm Good Good

28/M Medial cord Rifle bullet Graft of medial cord Good Poor

24/M C5, C6, C7, C8 Rifle bullet Neurolysis of C5, C6; graft of C7, C8 Good C5, C6 good; C7, C8 poor

49/M Radial axilla Rifle bullet Repair of nerve Good Good

27/F Median, ulnar, musculocutaneous axilla Fragments Graft of all 3 nerves Good Musculocutaneous good;
median fair; ulnar poor

37/M C5, C6, C7 Shot gun Graft of C5, C6, C7 Good C5, C6 good; C7 poor

32/M Median axilla, AV fistula Hand gun Repair of fistula, graft of median nerve Good Median poor

21/M C5, AV fistula Fragments Embolization of fistula, graft of C5 Good C5 good

34/M Lateral, medial cords, aneurysm axillary artery Rifle bullet Repair of aneurysm, neurolysis Good Good

34/M Lateral, medial cords, aneurysm axillary artery Hand gun Repair of aneurysm, neurolysis Good Good

16/M Sciatic buttock Fragments Removal of pellets, neurolysis Good Good

21/F Sciatic thigh Shot gun Removal of fragments, graft of partial
lesion

Good Good

31/M Sciatic thigh Closed fracture Removal of pellets, neurolysis Good Good

63/F Infraclavicular plexus, rupture of axillary
artery

Dislocation shoulder Repair of artery, neurolysis Good Good

81/F Infraclavicular plexus, rupture  of axillary
artery

Closed dislocation
shoulder

Repair of artery, neurolysis Good Good

51/M Infraclavicular plexus, rupture  of posterior
circumflex artery, enormous false aneurysm

Fracture dislocation
shoulder

Repair of artery, neurolysis Good Radial, musculocutaneous
good; median ulnar fair

31/M Median axilla Hand gun Graft of median nerve Good Good

25/M Partial ulnar axilla, aneurysm axillary artery Rifle bullet Repair of artery, nerve graft Good Good

21/M C5, C6, AV fistula Fragment Repair of fistula, nerve graft Good Good

49/M Radial axilla Fragment Nerve graft Good Good

37/M Posterior cord, lateral cord rupture, AV
fistula

Shotgun Repair of fistula, nerve graft Good Lateral cord good, 
posterior cord fair

30/M Medial cord, aneurysm subclavian artery Rifle bullet Repair of aneurysm, nerve graft Good Useful

24/M C5, C6, C7 Rifle bullet Neurolysis Good C5 good; C6, C7 useful

35/M C5, C6, C7, C8, T1 Shot gun Neurolysis Good Useful

25/M C7 rupture; C5, C6 partial Rifle bullet Nerve graft Good C5 useful; C6 good; C7 useful

17/F False aneurysm axillary artery, partial median Iatrogenic Repair of aneurysm, nerve graft Good Good

22/M C8, T1 lesion in continuity Iatrogenic injury
subclavian artery
(sympathectomy for
hyperhydrosis)

Neurolysis Good Good

28/F C7, C8, T1 (hematoma) Iatrogenic (sympath -
ec tomy for
hyperhydrosis)

Neurolysis Good Good

36/M Partial median, AV fistula of axillary vessels Hand gun Repair of fistula, neurolysis Good Good

11/M Posterior, medial cords, axillary artery Entrapped in fracture
humerus

Release of artery, neurolysis Good Good

10/F Partial sciatic buttock Retained foreign
body

Removal of foreign body, graft of
nerve

Good Good

12/M Tibial nerve, CPN, branches of popliteal
artery

Iatrogenic,
correction of
deformity

Neurolysis Tibial
good,
CPN poor

Ultimately good
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examples in which patients have been deprived of appropriate treat-
ment because of the use of this “diagnostic” label. It would be unwise
to reject the extensive evidence that sympathetic blockade or sympa-
thectomy can be extremely effective in the relief of causalgia (2), but cli-
nicians faced with treating severe neuropathic pain ought to be alert to

being extremely painful stimuli. One possible mechanism for this was
described by Woolf et al. (15), who reported the highly ordered segre-
gation of primary afferents in the dorsal horn of the spinal cord of rats.
Low-threshold mechanoreceptors terminate in laminae III and IV,
whereas high-threshold nociceptors terminate in laminae I, II, and V.
After ligation of the sural nerve, low-threshold A-β afferents were
shown to sprout into lamina II. The authors commented, “if the low
threshold mechanoreceptive afferent terminals that sprout into lamina
II establish functional contacts with cells that normally would have a
monosynaptic C nociceptor input, this could lead to inappropriate
responses to innocuous peripheral stimuli” (15). The observation by
Michaelis et al. (5) that section of a so-called motor nerve induces burst-
ing, spontaneous discharges of neurons in the dorsal root ganglion
provides a possible explanation for the deep pain arising from palpa-
tion of muscle in cases of causalgia.

However, structural reordering cannot account for the immediate
onset of the pain seen in so many cases of causalgia. This early onset
seems to be related to the partial nature of the lesion, in which ax ons are
transected or become demyelinated and progress to wallerian degener-
ation. There is continuing provocation of nociceptor fibers by persisting
action of the noxious agent and by the effect of local inflammatory agents
sensitizing axotomized nerve fibers (6, 13, 14). Perhaps the best explana-
tion for the immediate onset of the pain of causalgia after injury to the
nerve comes from Lawson (4), who reviewed changes in the behavior of
neurons of the dorsal root ganglion after inflammation or nerve injury.
Lawson relates that inflammatory mediators can rapidly (within minutes
or hours) reduce the activation
threshold of voltage-gated sodium
channels expressed in the small
and medium-sized dorsal root
ganglion neurons, most of which
are nociceptors. Yiangou et al. (16)
found that the distribution and
expression of the voltage-gated
sodium channels SNS/PN3 and
SNS2/NaN may underlie some of
the differences in expression of
pain between young children and
older children and adults.

Earlier criticism (2) of the classi-
fication of complex regional pain
syndrome (CRPS) into CRPS
types 1 and 2 has been strength-
ened by the important work of
Oaklander et al. (8), who demon-
strated focal small-fiber axonal
degeneration in so-called reflex
sympathetic dystrophy (CRPS
type 1). This has been confirmed
by Anand et al. in a study of skin
and nerves from 2 patients who
had endured years of futile treat-
ment by sympathetic block and
other methods before undergoing
below-knee amputation (Figs. 3
and 4). The life of both of patients
was transformed: one returned to
work as a hill farmer, and the
other returned to military duties.
The term CRPS type 2 lacks preci-
sion, and we have seen too many

FIGURE 4. Photomicrographs showing examples of skin staining with various nerve markers. A, subepithelial
TRPM8 (cool and menthol receptor) fibers (arrow); B, PGP9.5 (structural marker) staining of injured nerve; C,
increased intraepithelial (arrow) and subepithelial TRPVI (heat and capsaicin receptor) fibers; D, basal keratinocytes
(arrowhead) and subepithelial NGF fibers (arrow) (original magnification, �40).

FIGURE 3. Photomicrograph showing increased
intraepithelial and subepithelial TRPV1-immunoreac-
tive fibers from leg skin of a patient with complex
regional pain syndrome and cutaneous hypersensitivity
(original magnification, �40).
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the possibility of a continuing active provocative agent at work on the
nerve. When that pain follows wounding of a nerve, fracture, foreign
body, expanding hematoma, or other arterial injury, or results from
damage inflicted during an operation, then that possibility becomes a
near certainty. In such cases, exploration should be undertaken
urgently. This is one of the most important lessons from the outstand-
ing work of David Kline and his colleagues.

Disclosure
The author has no personal financial or institutional interest in any of the

drugs, materials or devices described in this article.
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