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Abstract

CRPS can be described as a painful inflammatory condition that occurs in most cases after a traumatic lesion,
such as sprain or fracture. The main physiopathological elements involved in the genesis of CPRS-| are essentially:
autonomical nervous system activity, neurogenic inflammation and microvascular impairment. The aim of the study is
to investigate the effect of an integrated treatment, which consists of an anesthetic block of the sympathetic lumbar
chain and a neridronate infusion protocol, on pain and microcirculatory variations in patients affected by CPRS of lower
limb. Twelve patients affected by early stage CPRS-I with a duration of pain of 3 + 1.2 months have been enrolled. They
have been treated with a neridronate infusion of 100 mg x 4 times over 10 days; and simultaneously, they underwent
an ipsilateral lumbar sympathetic nerve block. Pain intensity, function restoration and analisys of microcirculation using
the LDF (laser doppler flowmeter) have been monitored. The results have shown a quick clinical improvement, with
a reduction in pain severity and a restoration of microcirculation function. The association of neridornate infusion and

sympathetic nerve block has been found to be effective and safe for early stage CPRS-I treatment.
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Introduction

CRPS can be described as a painful inflammatory condition
which occurs in most cases after a traumatic lesion, such as a sprain
or fracture. The International Association or the Study of Pain (IASP)
has classified CPRS in two different types. CPRS-I does not have any
sign of nervous impairment and includes most patients with a CPRS
diagnosis, whereas CPRS-II is complicated by a nervous impairment
[1]. The main physiopathological elements involved in genesis of CPRS-
1 are essentially: autonomical nervous system activity, neurogenic
inflammation and microvascular impairment. Formerly, sympathetic
hyperactivity had been considered the main cause of the origin and of
the persistance of CPRS-I, so that sympathetically mantained pain
was considered to be a synonym of it [2]. During the following years,
that opinion has been changing, but the sympathetic nervous system
is in some way involved with the pathophysiology The expression
of al-adrenoceptor mRNA is upregulated in DRG neurons after
peripheral nerve injury or inflammation typical of what is seen in
CRPS type I; and an increase in al-adrenoceptors is observed in
hyperalgesic skin of patients affected [3]. Recent data have shown
that other mechanisms, such as neurogenic inflammation and
central sensitisation, could well be responsible for all symptoms [4].
In the early stage, CRPS patients are associated with an increase in
proinflammatory cytokines, TNF-a, IL-1p, IL-2, and IL-6, in local
blister fluid, circulating plasma, and cerebral spinal fluid (CSF).
Proinflammatory cytokines excite nociceptors and can induce long-
term peripheral sensitisation. An increase in calcitonin gene-related
peptide (CGRP) is also found, so that neuropeptides, substance P
and CGRP, antidromically released from sensory terminals in
the skin evoke dilatation and protein extravasation in the tissue,
a phenomenom known as neurogenic inflammation. Moreover,
the production of reactive oxygen species in the affected limb is
possibly responsible for the endothelial dysfunction observed in
CRPS patients. The impaired endothelial function is a major factor
in the pathogenesis of the trophic changes that are found in both
superficial and deep tissues [5]. Diagnostic criteria have been
approved by the IASP (International Association for the Study
of Pain) [6,2], and more recently, a modified version of diagnostic

criteria for CPRS, called Budapest Criteria, has been validated by a
Harden study [7,8]. Several therapeutic methods for CPRS-I are in use,
including the treatment with bisphosphonates, (BPs) which has gained
some success as recent meta-analyses confirmed [9,10].

Therapeutically sympathetic blocks, which inhibit the sympathetic
innervation of deep structures and the skin, can be used to alleviate
pain [11] even though further confirmations are necessary for a definite
judgement [12].

Pharmacological treatment is directed to a particular
pathophysiology or current symptoms. Myofascial dysfunction, almost
invariably present, with allodynia and/or hyperalgesia, requires the use
of muscle relaxants, analgesics, and antidepressants. Severe allodynia
may require a trial of anticonvulsants, desensitisation, or some
intervention such as spinal cord stimulation [13].

Aim of the study

The aim of the study is to investigate the outcome of an
integrated treatment, anesthetic block of sympathetic lumbar chain
and neridronate infusion protocol, which have an effect on both the
inflammatory component and the impaired autonomic function
[14].

Materials and Methods

The treatment consists of a ripeated anesthetic block of sympathetic
lumbar chain and neridronate infusion protocol. Twelve patients
affected by CPRS-I of lower limb have been treated, 4 males and 8
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females. Their average age was 53.25 * 10.3 years and 5 of them had
the desease located in the hip, 2 in the knee, 4 in the ankle and 1 in
the metatarsal bone. The duration of pain was 68.58 + 41.82 days.
In order to be enrolled, patients had to fulfil Budapest’s diagnostic
criteria for CPRS-I [8], with a further confirmation of the diagnosis
deriving from MRI, which detects edema of trabecular bone, and/
or triphasic bone scintigraphy. VAS scale has been evaluated
for each patient before each session to quantify the pain and the
subjective improvement has been measured using Subjective Rating
Scale of function recovery. The above-mentioned scale consists of
5 levels, which correspond to the following points: 0= no recovery,
1= slight recovery, 2=moderate recovery, 4=excellent recovery.
Microcirculation has been analysed with laser-doppler fluometry
(LDF; Periflux, PF4000, Perimed AB) both before the beginning
of the therapy and at the end of the treatment, placing the probe
on the affected area. Periflux system, by exploiting the doppler
effect, allows a real time continuous measuring of cutaneous
microcirculation. Detected parameters are Perfusion Unity (PU),
deriving from the product of velocity (v) and concentration of
moving blood cells (CMBC), and the analysis of vasomotion,
which represents the rhythmic oscillation of vascular tone, due
to contraction and relaxation of local smooth musculature.
This activity reduces with the restriction of the diameter of
vessels. Cutaneous microcirculation is regulated by a dynamic
interaction of different factors [15], such as sympathetic system
and endotelium-mediated factor. In response to physical stimuli,
endothelium releases not only endothelium-derived vasodilators,
such as NO, bradykinin, prostacyclin and endothelium-derived
hyperpolarizing factor (EDHF), but also vasoconstrictors, such
as ET-1 and angiotensin II [16]. The influence of those factors on
the genesis of vasomotion is identified by a characteristic range
of frequencies represented in the oscillations of the curve [17].
Therefore, the spectral analysis of detected oscillations allows us to
identify the role of each regulation factor in the genesis vasomotion.
In this study, we have considered different ranges of frequency,
which include the one related to myogenic activity from 0.052 to
0.15 Hz, the one due to sympathetic activity between 0.021 and
0.052 Hz, and the last one, covering slow oscillations from 0.0095
to 0.021 Hz, shows the endothelium dependent factor [17]. The
exact distribution of registered frequencies has been analysed by the
Perisoft® for Windows system.

Protocol of neridronate infusion

Neridronate, an aminobisphosphonate, is a potent inhibitor of
bone resorption and bone remodeling. It is approved and marketed
in Italy for bone diseases, e. g. Paget’s disease of bone, osteogenesis
imperfecta, and algodystrophy (CRPS type I) [18]. The therapeutic
protocol for the treatment of algodystrophy consists of the infusion
of 100 mg of neridronate four times in ten days. The infusion has
to be made using 250 mL of physiological saline solution in 2-3
hours.

Sympathetic lumbar ganglion block

In the lumbar segment, sympathetic ganglia are located on the
anterolateral surface of vertebral bodies and on the medial border of
psoas muscle. Anatomical relationships between the spinous and the
transverse process, and between the latter and the ganglion are usually
constant. The distance between the transverse process and the ganglion
is4-5 cm, considering that the anteroposterior diameter of the vertebral
body has a variation of about 0.6 cm due to the patient’s height. The
distance in depth from the spinous to the transverse process generally

measures 3 cm and 5 cm (Figure 1). Consequently, in this context,
the higher variability derives from the quantity of the muscular mass
and the adipose tissue. The greatest component of the sympathetic
innervation of the lower limb derives from L2 ganglion, a minor
component is given by L3 and L4. In this study, a single injection on
the ganglion situated at L2 level has been used. The patient is carefully
positionated in lateral decubitus, with the thighs bent on the abdomen
and the head bent on the thorax. In order to exactly define the position
of L2 body, the following procedure has been carried out: Firstly, a
line passing bilaterally through the costal border has been traced,
intersecting the spinous process of L2 or the interspace between L1 and
L2. Secondly, an other line has been traced joining the two iliac crests.
It intersects L4 spinous process or the interspace between L4 and L5
(Figure 2). The exact point of the puncture is situated 4 - 5 cm laterally
of the spinous process of L2 [19]. A needle 22-gauge (Spinal, PIC) has
been employed, doing the first insertion at 45° on skin until the contact
with the transverse process. After having reached that distance, the
needle is withdrawn and reinserted with an inclination of 90° on the
skin, 4 cm deeper than the distance previously identified in relation
to the position of the transverse process. The procedure of puncture
and the assessment of the exact placement of the needle have been
monitored under ultrasound guide (Figure 3). After repeated
aspirations which evaluate the possible presence of blood or liquor,
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Figure 1: Anatomical relationships and distances.
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Figure 2: Anatomical structure.
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levobupivacaina 0.5% has been injected slowly; the administered
dosage was 1 mg/kg. The timetable (Figure 4) shows the pattern
of the treatment: in the days 1 - 4 - 7 - 10 patients underwent the
neridronate infusion and, at the same time, the lumbar sympathetic
nerve block. At the end of the 10 days, whether the VAS value was
higher than 40, the treatment would be continued with lumbar
sympathetic nerve block every 2 days until the VAS value was lower
than 40. The patients have been evaluated 1 month after the end of
the treatment for the follow-up.

Results

All patients have expressed a rapid relief of pain and its progressive
reduction has become superior to the 50% of the initial value at the 4°
treatment (Figure 5). Our results have been analysed with the Paired
Sample T-test, and they are significative (p<0.05). Moreover, the
significant improvement in the motor function which has occurred after
the third tratment, has shown to be mantained at the 1 month control
(Figure 6). So, to maximise this effect, each patient has undergone 7.6 +
2.06 sympathetic nerve blocks.

Laser Doppler fluometry

Data deriving from the microcirculation study of the affected
area highlight a vasodilatation reaction confirmed by the clinical
observation: the colour of the skin changes and a warm sensation
is reported, lasting for some hours after the nerve block. Average
values of perfusion variation (PU) analysis show an increase in
perfusion in the aforementioned zone, which reaches the the
maximum after 30 minutes from the block, but persisting until
the end of the therapy (Figure 7). Vasomotion analyses shows that
microcirculation variations (Figure 8-10) are mostly associated with
slow endothelial oscillators, but are also correlated with neurogenic
and myogenic components, indicating a global cooperation of
multiple factors during vasomotion with higher/lower components.
Considering the neurogenic component (0.021- to 0.052 Hz), a
significative variation is detected expecially after the sympathetic
block, but it has also persisted for the period after. The same
variation is registered on the myogenic component. In spite of
that, the most significative component derives from the lower
frequencies representing the endothelial component, showing that
the role of metabolic regulation is considerable.
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Figure 3: Transverse ultra sound view during lumbar sympathetic ganglion
block execution.
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Figure 5: Mean value and standard deviation of the detected values of
VAS during the therapy.
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Figure 6: Mean value and standard deviation of the values of the Subjective
Rating Scale of function recovery detected during the treatment.
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Figure 7: Average values of perfusion variation (PU).
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Figure 8: Myogenic component of vasomotion.
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Figure 9: Neurogenic component of vasomotion.
i Mean ®SD
12
10
8
5
£ 6
-]
4
2 —
0 -
Basal After Block End therapy
SD 0.93 2.47 4.22
Mean 1.9 4.43 7.2
Figure 10: Endothelial component of vasomotion.
Discussion

In all patients, the associated treatment of sympathetic nerve block
and neridronate infusion has been demonstrated to be effective in the
improvement of symptoms without significant side effects. The detected
rapid control of pain is fundamental for the the fuctional recover of
the affected limb. The local anesthetic injection on lumbar sympathetic
ganglia causes a vasodilatation response. On account of this, patients
report an immediate warm sensation and their skin becomes iperemic.
Cutaneous flow expressed as PU, at the end of the treatment increases
by 80% of the basal value.

This rapid first response is due to the interruption of sympathetic
vasocostriction consequent to the nerve block. Nevertheless,
spectral analisys of oscillation frequencies of vasomotion indicates
that other mechanisms may be implied. On the one side, a power
increase in the component of frequences related to the sympathetic
system is registered, indicating that the neurogenic regualtion of
microcirculation is modified. On the other side, a significative
variation of both the components concerning the endothelial funcion
and the one due to the smooth muscolature activity occurs, showing a
restoration of the flow regulation. These results lead to the hypothesis
that, at least in this phase, there is an important contribution of the
autonomic system in the persistance of symptoms, but it confirms the
importance of the variation of the endothelial function. Therefore,
the sympathetic nerve block with the local anesthetic produces a
notable sudden analgesia. Futhermore, treatment with biphosphonates
reduces pain in patients with Complex Regional Pain Syndrome type
L, but the antiosteoclastic action of bisphosphonate cannot explain the
potentially antalgic effect [10]. Both the pain and the microcirculation
impairment in CPRS-I could well be the consequence o fan

inflammatory process, in fact researches have highlighted a pivotal role
for inflammation in the pathophysiology of CRPS. In this framework,
inflammation can be the cause of the endothelial dysfunction [20].
Our results could be explained by a synergic ant inflammatory
effect of the two administered treatments. The antinflammatory
mechanism of biphosphonates consists of the reduction in the release
of cytokines, including TNF «, IL-1, IL-6 and nerve growth factor
(NGF) [15]. They facilitate the liberation of neuropeptides, substance
P and calcitonin gene-related peptide, which produces vasodilation,
increased microvascular permeability, protein extravasation and
oedema, causing a process of neurogenic neuroinflammation. The
resulting impaired microcirculation probably maintains and worsens
the disease, generating the final picture of CRPS-I, characterised by
metabolic tissue acidosis. In this framework, the sympathetic nervous
system probably contributes by interacting with the above-described
mechanisms, producing vasomotor disturbances [9]. The sympathetic
nervous system and inflammation interact: norepinephrine influences
the immune system and the production of cytokines. There is substantial
evidence that this interaction contributes to the pathophysiology and
clinical presentation of CRPS, even though this interaction is not
straightforward [21]. Different mechanisms have been proposed:
an aberrant expression of al-adrenoreceptors on immune cells
contributes to inflammation and pain during CPRS. More recently,
autoimmune contributions have been suggested by the discovery
of self-directed pain-promoting IgG and IgM antibodies in
CRPS patients and model animals. Both the autoimmune and the
autoinflammatory components of CRPS appear to be regulated
by neuropeptide-containing peripheral nerve fibers and the
sympathetic nervous system [22]. Sympathetic signalling blockers
may reduce both auto inflammatory and autoimmune responses.

Conclusion

In conclusion, the aforementioned synergy could be the main
mechanism causing the therapeutic effect observed in our case study.
The reduction of hypoxic injury in deep tissues and the restoration
of omeostatic norepinephrine signalling lead to a rapid clinical
improvement in CPRS. Therefore, a sinergic antinflammatory action
of neridronate infusion and repeated sympathetic lumbar chain block
can be hypotesized, with a consequent restoration of microcirculatory
funcion. However, further studies which inlcude a higher number
of patients are necessary to better define this hypothesis and the
underlying mechanisms.
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