








MEDICAL DEVICES

resulting in increased nociceptive firing and CNS
sensitisation, which play a crucial role in generating
and sustaining chronic pain.”® An inverse relation-
ship exists between lower cardiac baroreflex func-
tioning and higher levels of clinical pain. The higher
the sympathetic drive to the heart and vessels, the
higher the magnitude of chronic pain,* as exempli-
fied in our patient.

In addition to sympathetic dysfunction, nociceptive
C and A-delta somatosensory axons also innervate
blood vessels. Their degeneration or neuroeffector
secretions can produce signs of neurogenic inflam-
mation.” Some dermal vessels entirely lack sympa-
thetic innervation,” so peripheral microvascular
dysregulation does not always implicate sympathetic
involvement or dysautonomia. Increased heart rate

and decreased heart rate variability at rest in patients
with CRPS suggest a general autonomic imbalance
with sustained stress response.** SDPPP index changes
in the TWF3 patient, which differs significantly from
other subjects and is compatible with general auto-
nomic imbalance (figure 3).

As with other neural injuries, conditions that destroy
some small fibres, or tissue changes triggered by partial
axonal loss (eg, upregulation of growth factors), can cause
neighbouring survivors to malfunction. Surviving small
fibres with reduced thresholds for ectopic firing® have
been termed angry or irritable nociceptors.* *” Damage
to peripheral axons of primary afferents usually affects
their central axon and triggers diffuse glial activation and
abnormalities of postsynaptic neurons in the dorsal horn
and higher centres.*® This typifies neuropathic pain as

Figure 3 Linear egressions for SDPPP indices and twitch force grading, treatment numbers, session duration and treatment
intervals. SDPPP, systolic—diastolic—pulse pressure—pulse; TWF, twitch force.
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a systems disorder, with abnormal firing of central pain
neurons from reduced activity of inhibitory interneurons
in the dorsal horn.

TREATMENTS FOR CRPS

Low-quality evidence

These studies were found to provide short-term relief of
CRPS pain on systematic review of treatments compared
with placebos,” and they include the following: (1)
ketamine (N-methyl-d-aspartate receptor antagonist),
bisphosphonates (used in osteoporosis) and calcitonin
(calcium-lowering hormone), and intravenous pamid-
ronate; (2) graded motor-imagery programmes may
reduce pain and improve function for 3-6 months,
compared with conventional physiotherapy/exercises
(PT); (3) mirror therapy may reduce pain and improve
function more than controlled sham condition in post-
stroke CRPS; (4) PT or OT versus social work passive
attention control is associated with small positive effects
at 1-year follow-up; (5) oral corticosteroids; (6) epidural
clonidine (centrally acting o2 adrenergic agonist),
intravenous regional block (IVRB) ketanserin (5-HT
receptor antagonist) and IVRB bretylium (blocks release
of norepinephrine from nerve terminals); (7) sympa-
thetic blockade with botulinum toxin A may deliver a
longer duration pain relief than local anaesthetic sympa-
thetic blockade; and (8) topical dimethyl sulfoxide
(DMSO) improves patients’ self-ratings of improvement
and achieves greater improvements in composite CRPS
scores’” than IVRB with guanethidine.

CRPS scores are standardised, common method-
ology for making decisions as to whether uniden-
tified pain conditions represent CRPS or not.
Significant improvements had been made in terms
of quantification and significant objectification of
the diagnostic data.’® However, ETOIMS treat-
ment-related SDPPP indices reduction by =26 and
pulse/heart rate reduction by =8/min consistently
with almost every treatment are objective. The use
of SDPPP is practical and is useful for the clinician
in the real-time diagnosis, treatment, prognosis and
follow-up of CRPS.

Not found to be more effective than placebo®’ are
(1) topical DMSO; (2) intravenous mannitol; (3)
gabapentin (antiepileptic medication); gabapentin
at doses of 1200 mg or more was effective for some
patients with some painful neuropathic pain condi-
tions, with 35% experiencing pain relief compared
with 21% for placebo; (4) sarpogrelate hydrochloride
(selective 5-HT2 antagonist), intravenous lidocaine
(local anaesthetic) or tadalafil (phosphodiesterase
isozymes inhibitor and vasodilator), IVRB atropine
(anticholinergic), and IVRB droperidol (antidopami-
nergic drug); and (5) repetitive transcranial magnetic
stimulation, ultrasound, pulsed electromagnetic field,
relaxation therapy and manual lymphatic drainage.

Found effective in improving pain are (1) spinal
cord stimulation plus PT, as opposed to PT alone;
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(2) PT and OT, as opposed to passive attention social
work control for 6 months; PT but not OT improves
impairment for 4 months compared with the same
control; (3) Qigong therapy compared with sham
Qigong therapy; and (4) acupuncture, which offers
short-term improvement in pain not superior to
sham when added to rehabilitation compared with
rehabilitation alone in poststroke CRPS. Electroacu-
puncture plus rehabilitation therapies might be more
effective than lidocaine, triamcinolone acetonide and
vitamin B__.

There is no evidence from controlled trials on the
efficacy of surgical sympathectomy.

Surgical decompression may provide the most
effective pain relief for lesions that are clearly local-
ised in patients where nerve exploration is appro-
priate. Ablative (nerve cutting or neurodestructive)
procedures are not indicated.” Local anaesthetic
sympathetic blockade is not effective. Unlike
ETOIMS, the limitation of most of these treatments
is that they cannot be safely and efficaciously used
over prolonged periods of time nor can their effects
be quantified objectively in the long-term manage-
ment of persistent pain due to CRPS.

RELATED INVESTIGATIONS

Evaluation of small fibres with diameter <6 um,
higher depolarisation threshold and slower
conduction velocity usually need tests to guide
adequate therapy and optimise follow-up. Tests
include cardiovascular monitoring, sudomotor
testing, pupillary responses, quantitative sensory
tests, thermography and laser evoked potentials. To
record C-fibre activity, invasive, complex, costly,
time-consuming, high interindividually variable
micrographic techniques are available but mostly
for experimental studies.

To manage CRPS, it is essential for clinicians to have
access to simple, objective, reproducible and cost-effec-
tive systems such as ETOIMS. The heart is constantly
controlled by sympathetic and parasympathetic divi-
sions of the ANS. Blood vessels are controlled predomi-
nantly by the SNS to maintain appropriate BP and organ
blood flow over widely varying conditions. This can be
adversely affected by pathological conditions that can
damage one or both branches of the ANS.*! *? The pain
and hypertension relationship involves ascending acute
nociception, which recruits segmental spinal reflexes
causing activation of the SNS. As with the TWF3 patient,
this increases peripheral resistances, heart rate and stroke
volume. The response also involves the hypothalamic—
pituitary—adrenal axis, with further activation of the SNS
by the adrenal glands.

Serial vital signs assessments recorded for analysis
with statistical process control method can detect
subtle changes that are not due to chance, thus obvi-
ating the need for randomised controlled studies.
Suspected CRPS with ANS dysfunction can be
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detected within a few ETOIMS sessions (figures 1-3
and tables 1-2) if SDPPP indices reduce by =26and
pulse/heart rate reduces by =8/min consistently with
almost every treatment. Pulse/heart rate is the most
significant contributor to the SDPPP index (table 1A).
Since TWF is most important in the reduction of pain,
BP and pulse/heart rate, the inability to evoke local and
remote autonomous large force twitches due to muscle
hypertonicity of ANS dysfunction maintains the severe
persistent pain. Rat experiments showed that muscle
activity reduces DS.> For effective pain relief, local and
remote large force autonomous twitches are essential
also for reduction in sympathetic tone with an increase
in parasympathetic vagal tone.

CONCLUSIONS

ETOIMS is highly suitable for pain relief and useful in
real-time clinical diagnosis and prognosis in persistent
pain associated with autonomic dysfunction in CRPS.
The inability to evoke autonomous twitches plus the
ability of ETOIMS to favourably affect BP and heart
rate remarkably are pathognomonic of CRPS. These
are useful armamentarium that can distinguish the
presence of autonomic involvement in CRPS for
further management decisions.

Twitter @stopmusclepain
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