J Turk Spinal Surg 2020;31(4):257-64

REVIEW ARTICLE

DOI: 10.4274/jtss.galenos.2020.319

COMPLEX REGIONAL PAIN SYNDROME FOLLOWING SPINAL
DISEASES AND SURGERIES
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INTRODUCTION

Complex regional pain syndrome (CRPS) impairs the patient’s
active life and his/her psychological state due to reductions in
functional movements, severe pain and muscle atrophy. CRPS
is characterised by a severe, generally not well-tolerated, pain
that usually involves the extremities. The most significant
complaints are severe pain with edema and other vasomotor
and motor symptoms, such as temperature and/or skin colour
asymmetry, dystonia and tremor. Although current medical
treatments often target acute symptoms, CRPS can also become
chronic, lasting for months or years, accompanied with other
symptoms due to irregularities in the sympathetic nervous
system. Even though CPRS can be characterised as a chronic
neurological disease, it is generally caused by a triggering
trauma, such as fractures, surgeries or even minor injuries.

Acute and Chronic CRPS

CRPS may be categorised into two: CRPS type 1 may occur
without nerve lesions and CRPS type 2 is associated with nerve
lesions caused by a triggering trauma®?, Even in the absence
of nerve damage, a triggering trauma and subsequent flared
posttraumatic inflammation may be observed. The progression
of this syndrome is variable, but the clinical presentation
is often similar in both groups: in the acute period, common
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features include the five main signs of inflammation, namely,
pain, edema, erythema, changes in skin temperature/colour
and dysfunction®. In fact, the transient features of CRPS may
be observed more commonly than most clinicians realise
and CRPS may even occur after minor limb injuries. As CRPS
becomes chronic,symptoms can evolve,and allodynia, sweating,
dystonia and muscle atrophy may occur during the disease
course. During this period, symptoms may appear exaggerated
and disproportionate in degree and duration with respect to
the triggering event, and chronic symptoms of CPRS can no
longer be explained by the initial trauma.

Vasomotor dysfunction is common in patients with CRPS. While
the affected limb is generally warmer than the healthy limb
at earlier stages, it becomes colder in the later phases of the
syndrome®@. While red and hot lesions are observed in the acute
phase, if the patient is not treated appropriately, the drop in the
skin temperature of the affected area can result in cold lesions
in the chronic phase.

Importance of Early Treatment of CRPS

In patients with CRPS, symptoms tend to begin during the
first month following trauma and/or immobilisation of the
extremity®; physical problems may begin approximately
2 years after disease onset*?. Since CRPS has no known
evidence-based effective treatment, approximately 15% of the
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patients experience unbearable pain. If CRPS is not properly
treated in the acute period (3-6 months from onset), tendons
may shorten and fibrosis may develop®; thus, contractures may
occur very quickly.

In chronic CRPS, symptoms can lead to complete disruption of
normal daily activities due to severe pain and atrophy in the
affected limb. This may lead to excessive use and abuse of drugs
for CRPS treatment®”, and drug side effects may be observed.
In particular, long-term and high-dose usage of opioids may
cause severe problems due to tolerance, dependence, immune
suppression and dysfunction in the endocrine system. Long-
term usage of opioids may also cause hyperalgesia®.Respiratory
suppression due to opioid overdose may result in death.
Delayed and insufficient treatment may increase the risks of
complete deterioration in daily activities, major depression and
suicide®. If treatment options are ineffective, amputation may
be required; physical and psychological problems in CRPS may
become so severe that clinical teams encountered patients
who requested limb amputation®. However, even after such
a drastic intervention, phantom pain (77% of the cases)® and
CRPS recurrence in the remaining extremity (24% of the cases)
@9 remain as potential risks.

As presented above, early treatment of CRPS is very important
in preventing long-term symptoms (allodynia,muscular atrophy,
etc.); thus, clinicians must start appropriate treatment protocols
without any delay when early diagnosis of CRPS is possible®?.
Unfortunately, CRPS is not easy to diagnose.

Early Diagnosis of CRPS

Early diagnosis of CRPS may prevent long-term complications
and sequelae, including muscle atrophy, osteoporosis, joint
stiffness, tendon shortening and contracture, which weaken the
patient’s active life by reducing his/her functional movements.
A major problem with the diagnosis of CPRS is that symptoms
can mimic other diseases. Diagnosis relies on clinical findings;
unfortunately, a gold standard and objective diagnostic test for
CRPS is not yet established. CRPS is diagnosed clinically using
the diagnostic criteria of the International Association for the
Study of Pain (Budapest Diagnostic Criteria for CRPS)?12),

Table 1 lists some of the diagnostic signals that should be
considered®. During differential diagnosis, especially for
complex cases, imaging tests (including magnetic resonance
imaging and computed tomography) may be performed to
exclude other possible diseases. Plain film may also be used,
except in extreme cases (Sudeck’s atrophy).

Electromyography and nerve conduction studies may help
assess the presence of nerve injury and muscle fibre loss.
Three-phase bone scintigraphy may detect trophic changes of
the bone. Local anaesthetic sympathetic blocks are commonly
used for diagnostic purposes. If a patient has a good response
to a diagnostic sympathetic block with local anaesthetic,
sympathetic denervation through radiofrequency ablation can
be offered for therapeutic purposes.

Since CRPS symptoms are similar to that of other diseases,
patients often undergo evaluation by multiple specialists

before the final diagnosis is confirmed, and this may lead to
significant delays in treatment. These delays may also increase
the risk of the disease becoming chronic and may lead to
serious economic losses for the patient.

Risk Factors for CRPS and Incidence of CRPS after Fractures/
Surgeries

Common risk factors for CPRS are listed in Table 231, According
to de Mos et al."9, women are three times more affected by

Table 1. Differential diagnosis®

 Infection (bone, soft tissue, joint or skin)

¢ Orthopaedic mal-fixation

e Joint instability

o Arthritis or arthrosis

e Bone or soft tissue injury (including stress fracture, instability
or ligament damage)

« Compartment syndrome

e Neural injury (peripheral nerve damage, including
compression or entrapment, or central nervous system or
spinal lesions), or neuropathy (such as from diabetes, alcohol
misuse)

e Thoracic outlet syndrome (due to nerve or vascular
compression)

e Arterial insufficiency [usually after preceding trauma,
atherosclerosis in older people or thrombangitis obliterans
(Burger’s disease)]

e Raynauld’s disease

e Lymphatic or venous obstruction

e Brachial neuritis or plexitis (Parsonage-Turner syndrome or
neuralgic amyotrophy)

e Erythromelalgia (may include all limbs)

¢ Self-harm

Table 2. Risk factors for CRPS®317)

Risk factors

The most common age is 61-70

S years

Gender Female: Male 2:1

Localization Upper-lower limb 3:2

Menopause

Osteoporosis

Asthma

Affects the neuroimflammatory
mechanism that causes CRPS
through substance P and
bradykinin metabolism

ACE inhibitory treatment

Migraine

Smoking Poor prognosis in smoking

CRPS: Complex regional pain syndrome, ACE: Angiotensin-converting
enzyme
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CPRS than men. Individuals aged 61-70 years are most
commonly affected, and the risk is highest in postmenopausal
women. According to the same study, the upper limb is affected
more frequently than the lower limb, and the most common
trigger events are fractures, accounting for 44% of the cases. As
shown in Table 3829 and Table 41>3%, several studies reported
a high incidence of CRPS, especially after distal radius fracture
(32.2%), Colles’ fracture (36.7%), tibial fracture (30%) and
shoulder (11.1%) and tibial (31%) surgeries®. Unfortunately,
CPRS-related complications following orthopaedic surgeries
may negatively affect the postoperative healing process,
and the syndrome may lead to serious long-term problems,
including unbearable pain and immobilisation.

While there is a strong evidence of CRPS incidence following
fractures and surgical operations, there is little prior work on
the incidence of CRPS following spinal surgeries. Most studies
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indicating potential presence of CRPS following spinal diseases
and surgeries are based on case studies.

METHODS

This study aimed to present a review of the literature on CRPS
occurrence following spinal problems and surgeries to improve
physicians’ awareness of this. For this review, we combed the
published literature for studies of patients who developed
CPRS after three main spinal problems, including degenerated/
herniated disc surgeries, spinal cord injury (SCl) and spinal
cord tumor. Published studies were grouped under these three
categories and further investigated according to the type of
CRPS (1 or 2), disease origin and grade, type of surgeries prior
to CRPS onset, disease course, therapies following diagnosis
of CRPS and age (ranged from 22 to 69 years) and sex of the

Table 3. Reported incidence of CRPS following fractures of the upper and lower limb®

Region Antecedent event Study Incidence
Jellad et al. 201449 32.1% (26:61)
Distal radius fracture
Dijkstra et al. 20032 1.1% (1:87)
Bickerstaff and Kanis 199420 28.1% (77:197)
Colles’ fracture
Upper limb Atkins et al. 1990¢Y 36.7% (22:38)
Wrist fracture Beerthuizen et al. 2020%2 7.9% (18:209)
Scaphoid fracture Beerthuizen et al. 2020®? 0% (0:27)
Tibial fracture Sarangi et al. 199329 30% (9:21)
. Ankle fracture Beerthuizen et al. 2020%? 15.2% (21:117)
Lower limb

Fifth metatarsal fracture

Beerthuizen et al. 2020?2

2.9% (3:100)

CRPS: Complex regional pain syndrome

Table 4. Reported incidence of CRPS following surgical procedure of the upper and lower limb®

Region Operation Study Incidence
Chalmers et al. 201424 11.1% (1:8)
Arndt et al. 201229 3.0% (3:97)
Gonzalez et al. 2011¢9 0.9% (35:3975)
h
Shoulder Bishop et al. 20052 1.3% (1:79)
Borgeat et al. 2001?® 1.0% (5:516)
Shinya et al. 1995@9 1.9% (2:105)
. Lichtman et al. 197960 5.0% (5:95)
Upper limb Carpal tunnel relaese
MacDonald et al. 1978GY 2.2% (4:182)
Lilly and Stem 201062 2.0% (1:49)
Dupuytren’s contracture
Bulstrode et al. 20056 2.4% (6:247)
Tibial Sarangi et al. 1993® 31% (9:20)
Lower limb

Ankle and foot

Rewhorn et al. 201464

4.4% (17:373)

CRPS: Complex regional pain syndrome
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Table 5. CRPS cases following spinal diseases and spinal surgeries

Patient Age/Gender CRPS Spinal disease or spinal

Case study type suirgery Treatment Progress
39/F - ' . Cherlnicdal' sympatthgctor?y
Plancarte 199769 lac;séc?giréa\;é\t/g:];tomate Chemical lumbar 'Eﬁseupgein lsr;,r:zsrgnl{son °
sympathectomy
CRPS2
Subsequently three Ui pa'gle.nt I
. dramatic improvement
STPENEE e after treatment and no
65/M Post-lumbar surgery and conservative
. - I . recurrence of the CRPS
Fish 2005¢9 (sacroiliac fusion) treatment
developed
CRPS2
VAS score and tingling
40/M Postoperative micro- sensation improved, but
discectomy for lumbar - . tremor, weakness and
(38) ;
QS GEELALE) spine herniation (L4-5) (ol e e hyperesthesia still existed
CRPS2
. . . Conservative Postoperative 34. month
Cervical disc protrusion - .
) and posterior trgatments (opioids, less intense, several
Weisz et al. 2010¢ 39/M foraminotomy (C5-6, C6-7) tricyclics and features of CRPS were
’ hypnotics) still evident
Second week of treatment
Implantation of an . . pain,allodynia, swelling
T artificial disc (L4/5 g;gl‘(“ded sympathetic oo essed, only slight
’ segment) sensory disturbance left
Lumbar herniated Symptoms relieved after
. “) intervertebral disc disease Decompression of operation. VAS score
m & A b (L4-5) herniated disc improved
After second SELD, the
patient’S pain markedly
decreased. On the second
. Sacral epiduroscopic visit in the outpatient
t:;?wli):tre?jlfs‘ifézrrngizcc)r laser decompression clinic, the patient was
Jung et al. 201869 31/F SELD absent of pain without
g

(L5/S1)

any other medications

CRPS: Complex regional pain syndrome, VAS: Visual analog scale, CT: Computed tomography, F: Female, M: Male

patients. We also focused on the reported progress of the
disease after therapy.

DISCUSSION

CRPS following Degenerated and Herniated Disc Surgeries

Table 5 lists several studies that report CRPS cases following
spinal diseases/procedures. These studies highlight the possibility

of CRPS associated with spinal procedures and the importance of
early treatment for effective results.

Plancarte and Calvillo® reported a patient with CRPS type
2, following automated laser discectomy, who presented
sympathetically maintained pain and serious disability. The
author suggested that CRPS can be associated with spinal
procedures,including automated laser percutaneous discectomy.
In another case study, Fish presented a patient with CRPS type
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2 in a distal extremity associated with an anterior sacroiliac
fusion with local bone graft®®. Fish argued that CRPS can be
associated with spinal procedures and sacroiliac arthrodesis.
Both Plancarte and Fish concluded that early intervention is
important in long-term resolution of CRPS symptoms.
Knoeller at al.®” reported a case of CRPS 1 of the left leg
following lumbar spine surgery (implantation of an artificial
disc type in the L4-5 segment) using a midline left-sided
retroperitoneal approach via a ventral access (this surgery
requires mobilisation of the sympathetic trunk). The report
emphasised that diagnosis of CRPS following lumbar spine
surgery via a ventral access must be considered a differential
diagnosis, and Knoeller at al.*” highlighted the importance of
early diagnosis,as early initiation of therapy in CRPS type 1 may
improve the progress of a disabling severe disease.

Chae et al.®® reported about CRPS type 2 following a
postoperative lumbar spine surgery and pointed out
the importance of distinguishing CRPS symptoms from
postoperative symptoms. Despite the difficulty in differentiating
postoperative syndrome in the lumbar spine from CRPS, they
recommended that physicians should consider CRPS as the
primary cause of postoperative syndrome in the lumbar spine
after orthopaedic surgery,as this may prevent significant losses
in time before the start of an effective treatment.

Similarly, Jung et al.*® noted that CRPS-like symptoms can
appear after lumbar spinal surgery due to adhesion and
inflammation in the epidural space. They reported the case of
a 31-year-old patient diagnosed with CRPS type 2 following
L5-S1 discectomy. Unfortunately, the patient did not respond
to conventional therapies or to spinal cord stimulation for the
treatment of CRPS. Consequently, for diagnostic and therapeutic
purposes, sacral epiduroscopic laser decompression (SELD)
was performed twice 1 month apart. During these procedures,
severe adhesion and inflammation at the L4-S1 epidural space
were detected. The catheter was placed to perform mechanical
adhesiolysis and laser decompression at the herniated
intervertebral disc. Three days after the second intervention,
the visual analogue scale (VAS) score had improved, and 8
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months later, the patient reported complete absence of pain.
The authors suggested that if CRPS-like symptoms originating
from the lumbar spine cannot be treated by conventional
therapy, SELD may be considered an appropriate diagnostic and
therapeutic option.

More recently, Wolter et al.“%carried out a study to determine the
frequency of CRPS following spinal surgery and to investigate
the disease course and prognostic factors. 35 patients (18
women and 17 men) who were treated for CRPS (1 or 2) were
included in the study. The authors considered the CRPS type,
disease origin and grade and type of surgeries prior to CRPS
onset. Table 6 reports data regarding six patients (one patient
had cervical and five patients had lumbar spine surgery) who
had undergone spinal operations just before the onset of CRPS
symptoms (median, 5 days; range: 1-14) and had no other
trauma preceding the development of CRPS symptoms. As
shown, CRPS symptoms following spinal surgery can start very
quickly. Consequently, the authors concluded that even if CRPS
may occur relatively rarely following spinal surgeries, physicians
must be aware of the possibility of CRPS, as early diagnosis and
treatment are important to prevent complications.

Most studies about CRPS following spinal problems focus on
lumbar disc protrusion and lumbar spinal surgery. In Wolter
et al.“9, only one patient had cervical surgery before CRPS.
Weisz et al.“) reported the case of a 39-year-old patient who
had shown CRPS symptoms following cervical spine surgery
(posterior foraminotomy at C5-6 and C6-7). Following the
surgery, the patient experienced pain, paraesthesia, swelling of
the left hand and forearm and increasing inability to use the
left hand; as a result, the patient was diagnosed with CRPS.
The treatment included opioids, tricyclics and hypnotics on a
daily basis, which improved physical features and associated
psychological and social problems. 34 months after surgery,
symptoms remained less intense; however, several features
of CRPS (swelling, paleness and cold and wet skin) were still
evident.

Kim et al.“? reported a case of CRPS that was caused by L4-5
herniated intervertebral disc without a history of trauma

Table 6. Data on six patients who had urdergone spinal operations shortly before CRPS symptoms (Wolter et al.#%)

Time between operation and

Study Patient Age/Gender Spinal disease/surgery onset of CRPS
57/™M Cervical spine surgery 1 day
45/F Lumbar disc operation (L4-5) 7 days
48/M Dorsovental spondylodesis (L5-S1) 14 days
44/F Lumbar disc operation (L5-S1) 14 days
el o L SIS 32/F Lumbar disc prothesis (L4-5) 2 days
69/M Hernilaminectomy (L5) and nucleotomy (L4- 3 days

5 and L5-S1)

CRPS: Complex regional pain syndrome, M: Male, F: Female
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or surgery. Percutaneous nucleoplasty was considered as a
treatment option for CRPS, after which the symptoms were
relieved and the VAS score had improved. While CRPS from a
mild herniated intervertebral disc without surgical intervention
is even rarer than CRPS after surgery for disc diseases, this
possibility should be kept in mind during differential diagnosis.

CRPS in Spinal Cord Injury

Pain is a frequent complication of SCl, and identifying the
possible causes of the pain is very important for effective
treatment. While neurological problems like stroke and
peripheral nerve injuries are known etiological causes of CRPS,
several studies reported CRPS also in patients with SCI®#>47,
Table 7 summarises the key findings of some of these case
studies.

Gellman et al.# studied 60 patients with cervical SCI and
identified an overall incidence rate of 10% of CRPS. Lefkoe and
Cardenas® presented the case of a 25-year-old tetraplegic
male patient with complete traumatic injury of the cervical cord
(C6) who presented CRPS. In addition, Lefkoe and Cardenas®?
pointed out that in patients with SCI, diagnosis of CRPS might
be challenging due to the presence of severe pain and other
common CRPS complications, such as heterotopic ossification
or deep venous thrombosis in SCI patients without CRPS.
Gallien et al.“® reported eight CRPS cases in a study of patients
with SCI. The study included one female and seven male
patients, with a median age of 35. The causes of SCI included
gunshot wounds (n=5), car accidents (n=2) and fall (n=1). Five
patients had complete SCI, and three patients had incomplete
SCl. Four patients were tetraplegic, while four patients were
paraplegic. The authors discussed the diagnosis, risk factors
and treatment and concluded that, even if this syndrome may
be more common in other forms of neurological diseases, such

Table 7. CRPS cases following spinal cord injury

as stroke, CRPS might also be observed as the main source of
pain in patients with SCI.

Sutbeyaz et al.#” reported the case of a 49-year-old man with
C7 incomplete tetraplegia who presented CRPS type 1 in both
upper and lower extremities. The authors emphasised that CRPS
type | might be more common in SCI than usually suspected
and that tetraplegic patients should be carefully evaluated for
the presence of CRPS type I.

CRPS in Spinal Cord Tumor

We have found only one published case of a patient with
cervical spinal cord tumor (schwannoma) and CRPS type 2“9,
This 63-year-old patient underwent urgent neurosurgery, and
the spinal lesion was excised. At 6 weeks after the procedure,
the symptoms had completely disappeared. After 1 year, the
patient was still completely asymptomatic.

CONCLUSION

Early diagnosis and proper treatment of acute CRPS are very
important in preventing the development of chronic symptoms
(including allodynia, swelling, muscular atrophy, osteoporosis
and contracture). Clinicians must be aware of the potential
scenarios in which patients may develop CRPS. Fractures and
surgical operations are critical risk factors for CRPS. In this
review, we emphasised the possibility of CRPS development after
spinal diseases and/or surgeries. While the literature on CRPS
following spinal problems consists primarily of small case
studies and there are limited data on the incidence of CRPS
following spinal problems, there is growing evidence that
CRPS may also occur after spinal diseases or surgeries and
that the diagnosis of CRPS following spinal problems must be
considered by clinicians.

Case study SCUEIELEE) Spinal diseases CRPS treatment Progress
Gender
Conservative treatments resulted
Lefkoe and Cardenas C6 complete Conservative in the resolution of the pain
199669 25/M Pl syndrome
tetraplegia treatments
After 6 weeks of treatment, the
patient’s VAS score for pain had
. . o
Sutbeyaz et al. 2005¢ 49/M c7 mcomplete Conservative decreased by more than 50%
tetraplegia treatments
VAS score improved. For 4 months
Pulse radiofrequency folow-up, the patient did not
Akkoc et al. 2008“3 55/F Spinal cord injury lumbar sympatholysis  require opioid

CRPS: Complex regional pain syndrome, M: Male, F: Female, VAS: Visual analog scale



J Turk Spinal Surg 2020;31(4):257-64

Burcu Candan. Complex Regional Pain Syndrome Following Spinal Diseases and Surgeries

Acknowledgements: This article was prepared by the author
while she was at the Near East University School of Medicine,
Department of Anaesthesiology and Reanimation, Pain Clinic.

Ethics

Peer-review: Externally peer-reviewed.
Financial Disclosure: The author declared that this study
received no financial support.

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

Goh EL, Chidambaram S, Ma D. Complex regional pain syndrome: a
recent update. Burns Trauma. 2017;5:2.

Marinus ), Moseley GL, Birklein F, Baron R, Maihofner ¢, Kingery WS,
et al. Clinical features and pathophysiology of complex regional pain
syndrome. Lancet Neurol. 2011;10:637-48.

Goebel A, Barker CH, Turner-Stokes L et al. “Complex Regional
Pain Syndrome in Adults: UK guidelines for diagnosis, referral and
management in primary and secondary care. London: Royal College
of Physicians, 2018; https://www.rcplondon.ac.uk/guidelines-policy/
complex-regional-pain-syndrome-adults

de Mos M, Huygen FJ, van der Hoeven-Borgman M, Dieleman JP
Ch Stricker BH, Sturkenboom MC. Outcome of the complex regional
pain syndrome. The Clin ] Pain. 2009;25:590-7.

Schasfoort FC, Bussmann |B, Stam H). Impairments and activity
limitations in subjects with chronic upper-limb complex regional pain
syndrome type I. Arch Phys Med Rehabil. 2004;85:557-66.

Winston P Early treatment of acute complex regional pain syndrome
after fracture or injury with prednisone: why is there a failure to treat?
A case series. Pain Res Manag. 2016:1-5.

International Association for the Study of Pain, Subcommittee on
taxonomy. Description of chronic pain syndromes and definitions of
pain terms. Pain. 1986;(Suppl 3):528-30.

Roeckel LA, Le Coz GM, Gavériaux-Ruff C, Simonin F Opioid-induced
hyperalgesia: Cellular and molecular mechanisms. Neuroscience.
2016;338:160-82.

Bodde M, Dijkstra PU, Schrier E, van den Dungen J], den Dunnen
WE Geertzen JH. Informed Decision-Making Regarding Amputation
for Complex Regional Pain Syndrome Type I. ] Bone Joint Surg Am.
2014;96:930-4.

Krans-Schreuder HK, Bodde MI, Schrier E, Dijkstra PU, van den
Dungen JA, den Dunnen WE et al. Amputation for long-standing,
therapy-resistant type-I complex regional pain syndrome. ] Bone Joint
Surg Am. 2012;94:2263-8.

Bussa M, Guttilla D, Lucia M, Mascaro A, Rinaldi S. Complex regional
pain syndrome type I: a comprehensive review. Acta Anaesthesiol
Scand. 2015;59:685-97.

Birklein £ Dimova V. Complex regional pain syndrome-up-to-date.
Pain Rep. 2017;2:e624.

An HS, Hawthorne KB, Jackson WT. Reflex sympathetic dystrophy and
cigarette smoking. ] Hand Surg. 1988;13:458-60.

de Mos M, de Bruijn AG, Huygen FJ, Dieleman JP Stricker BH,
Sturkenboom MC. The incidence of complex regional pain syndrome:
a population-based study. Pain. 2007;129:12-20.

de Mos M, Huygen FJ, Dieleman JP Koopman |S, Stricker BH,
Sturkenboom MC. Medical history and the onset of complex regional
pain syndrome (CRPS). Pain. 2008;139:458-66.

de Mos M, Huygen F|, Stricker BH, Dieleman |P Sturkenboom MC.
The association between ACE inhibitors and the complex regional
pain syndrome: Suggestions for a neuro-inflammatory pathogenesis
of CRPS. Pain. 2009;142:218-24.

Sandroni B Benrud-Larson LM, McClelland RL, Low PA. Complex
regional pain syndrome type I: incidence and prevalence in Olmsted
county, a population-based study. Pain. 2003;103:199-207.

Jellad A, Salah S, Frih ZBS. Complex regional pain syndrome type I:

incidence and risk factors in patients with fracture of the distal radius.
Arch Phys Med Rehabil. 2014;95:487-92.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

turkish

Dijkstra PU, Groothoff JW, Duis H), Geertzen JHB. Incidence of
complexregional pain syndrome type | after fractures of the distal
radius. Eur | Pain. 2003;7:457-62.

Bickerstaff DR, Kanis JA. Algodystrophy: an under-recognized
complication of minor trauma. Br ] Rheumatol. 1994;33:240-8.

Atkins RM, Duckworth T, Kanis JA. Features of algodystrophy after
Colles’ fracture. ] Bone Joint Surg. 1990;72:105-10.

Beerthuizen A, Stronks DL, van’t Spijker A, Yaksh A, Hanraets BM, Klein
J, et al. Demographic and medical parameters in the development of
complex regional pain syndrome type 1 (CRPS1): prospective study
on 596 patients with a fracture. Pain. 2012;153:1187-92.

Sarangi PR Ward AJ, Smith EJ, Staddon GE, Atkins RM. Algodystrophy
and osteoporosis after tibial fractures. | Bone Joint Surg.
1993;75:450-2.

Chalmers PN, Slikker lii W, Mall NA, Gupta AK, Rahman Z, Enriquez
D, et al. Reverse total shoulder arthroplasty for acute proximal
humeral fracture: comparison to open reduction—internal fixation
and hemiarthroplasty. | Shoulder Elb Surg. 2014;23:197-204.

Arndt ], Clavert P Mielcarek P Bouchaib |, Meyer N, Kempf |k
Immediate passive motion versus immobilization after endoscopic
supraspinatus tendon repair: a prospective randomized study. Affiliate
Societies. 2012;98(6 Suppl):S131-8.

Gonzalez J-F Alami GB, Baque F, Walch G, Boileau P Complications
of unconstrained shoulder prostheses. | Shoulder Elb Surg.
2011;20:666-82.

Bishop JY, Sprague M, Gelber ), Krol M, Rosenblatt MA, Gladstone
J, Flatow EL. Interscalene regional anesthesia for shoulder surgery. |
Bone Joint Surg Am. 2005;87:974-9.

Borgeat A, lifeld BM, Ekatodramis G, Singelyn FJ, Seguy S, Gouverneur
JM, et al. Acute and non-acute complications associated with
interscalene block. Anesthesiology. 2001;95:875-80.

Shinya K, Lanzetta M, Conolly WB. Risk and complications in
endoscopic carpal tunnel release. | Hand Surg. 1995;20:222-7

Lichtman DM, Florio RL, Mack GR. Carpal tunnel release under
local anesthesia: evaluation of the outpatient procedure. | Hand
Surg.1979;4:544-6.

MacDonald R, Lichtman DM, Hanlon ]}, Wilson JN. Complications of
surgical release for carpal tunnel syndrome. ] Hand Surg. 1978;3:70-6.

Lilly SI, Stern P). Simultaneous carpal tunnel release and Dupuytren’sf
asciectomy. ] Hand Surg. 2010;35:754-9.

Bulstrode NW, Jemec B, Smith P). The complications of Dupuytren’s
contracture surgery. | Hand Surg. 2005;30:1021-5.

Rewhorn M, Leung AH, Gillespie A, Moir JS, Miller R. Incidence of
complex regional pain syndrome after foot and ankle surgery. | Foot
Ankle Surg. 2014;53:256-8.

Plancarte R, Calvillo O. Complex regional pain syndrome type 2
(causalgia) after automated laser discectomy: A case report. Spine
(Phila Pa 1976). 1997;22:459-62.

Fish DE. Post-lumbar surgery complex regional pain syndrome. Pain
Physician. 2005;8:319-22.

Knoeller SM, Ehmer M, Kleinmann B, Wolter T. CRPS | following
artificial disc surgery: case report and review of the literature. Eur
Spine J. 2011;20 Suppl 2(Suppl 2): S278-83.

Chae SU, Kim TK, Shim DM, Kim Y|, Choi DH. Is complex regional
pain syndrome a cause of post-operative syndrome in the lumbar
spine? - a case report -. Asian Spine J. 2009;3:101-5.

Jung JW, Kim YH, Kim H, Kang E, Jo H, Ko MJ. Sacral epiduroscopic
laser decompression for complex regional pain syndrome after lumbar
spinal surgery: A case report. Medicine (Baltimore). 2018;97:0694.

Wolter T, Kndller SM, Rommel O. Complex regional pain syndrome
following spine surgery: clinical and prognostic implications. Eur
Neurol. 2012;68:52-8.

Weisz GM, Houang M, Bogduk N. Complex regional pain syndrome
associated with cervical disc protrusion and foraminotomy. Pain Med.
2010;11:1348-51.

Kim SH, Choi SS, Lee MK, Kin JE. Complex regional pain syndrome
caused by lumbar herniated intervertebral disc disease. Pain Physician.
2016;19:E901-4.

263



-
q
43.

264

44,

45.

J Turk Spinal Surg 2020;31(4):257-64

Burcu Candan. Complex Regional Pain Syndrome Following Spinal Diseases and Surgeries

turkishspine

Akkoc Y, Uyar M, Oncu ], Ozcan Z, Durmaz B. Complex regional
pain syndrome in a patient with spinal cord injury: management
with pulsed radiofrequency lumbar sympatholysis. Spinal Cord.
2008;46:82-4.

Gellman H, Eckert RR, Botte M|, Sakimura |, Waters RL. Reflex
sympathetic dystrophy in cervical spinal cord injury patients. Clin
Orthop Relat Res. 1988:126-31.

Lefkoe TR Cardenas DD. Reflex sympathetic dystrophy of the lower
extremity in tetraplegia: case report. Spinal Cord. 1996;34:239-42.

46.

47.

48.

Gallien P Nicolas B, Robineau S, Lebot MP Brissot R. The reflex
sympathetic dystrophy syndrome in patients who have had a spinal
cord injury. Paraplegia. 1995;33:715-20.

Sutbeyaz ST, Koseoglu BF, Yesiltepe E. Simultaneous upper and lower
extremity complex regional pain syndrome type | in tetraplegia.
Spinal Cord. 2005;43:568-72.

Regan M), Rathi ). Cervical spinal cord tumor causing complex
regional pain syndrome. Mayo Clin Proc. 2011;86:713.



