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SPASTICITY MANAGEMENT (2023)
Steven Kirshblum MD
Objectives

· Understand the mechanisms to measure spasticity in SCI

· Understand pharmacological options for treatment of SCI related spasticity

· Understand the injection options in the treatment of spasticity
1.  Definitions of Spasticity: "A motor disorder characterized by a velocity-dependent increase in tonic stretch reflexes (muscle tone) with exaggerated tendon jerks, resulting from hyperexcitability of the stretch reflex, as one component of the upper motor neuron syndrome."  (Lance 1980)

SPASM Consortium (Pandyan. 2005)- “disordered sensory-motor control, resulting from an UMN lesion, presenting as intermittent or sustained involentary activation of muscles”.
The Ability Network (Burns 2016) has recommended to define “disabling spasticity” as 
“spasticity which is perceived by the affected individual or caregivers as hindering body function, activities, and/or participation.” This may lead to a decrease in quality of life.
· This definition conceptually incorporates the domains of the International Classification of Functioning, Disability and Health (ICF).
Increased resistance to passive stretch
· velocity dependent
· direction dependent
· initial free motion
· ‘clasp-knife’ phenomenon
· positive and negative symptoms

Positive symptoms -easy to see & treat. Negative-more functionally limiting.
· Spasticity represents a constellation of signs and symptoms that include both tonic and phasic features.  
       Phasic Spasticity:

· Manifested as hyperreflexia and clonus
· Monosynaptic reflexes

· Modulated by descending inhibitory signals

· Mediated through medial vestibulospinal tracts

· Loss of descending inhibition results in hyperactivity of segmental reflexes

· Over time, denervation hypersensitivity occurs resulting in lowered threshold and heightened response to stimuli.

      Tonic Spasticity:

· Manifested by increased tone  
· Polysynaptic reflexes

· Modulated by descending excitatory (cord) and inhibitory (brain) signals

· Mediated through lateral vestibulospinal and rubrospinal tracts 

· Lateral vestibulospinal tract—extensor tone; Rubrospinal tract—flexor tone

2. Prevalence and Patient Perspectives:

Traumatic SCI and SC disorders -70% have some degree of spasticity, and initially ~70% of these are treated with medications. By 1 year ~35-50% are on treatment, so has tremendous impact.

         Spasticity in SCI:  Incomplete > complete injury (AIS B=C >A >D)
           -Tetraplegia > paraplegia

           - Legs > arms

           - Extension > flexion


Severely impacts function at 1 & 5 years = 27% and 20% respectively.
1. Barnes et al. Disability and Rehabil 2016

· 72% report impact on QoL

· 44% report loss of independence

· 44% report source of depression

2. Tibbett et al. PM R 2020

· Spasticity and chronic pain were directly related, with respect to perceived severity, difficulty dealing, and life interference. 

3. Field-Fote et al. Arch PM&R 2021

· 50-60% impacts sleep, annoying, interferes with function and ADLs

4. McKay et al. Spinal Cord 2018

· Stiffness associated with spasticity appears to be more problematic than spasms. 
Early spasticity may occur in a significant portion of people and may be associated with  
increased problems associated (in particular the occurrence of spasms). (Levassuer 2021)
3.  Pathophysiology of Spasticity and the Upper Motor Neuron Lesion

· Not clearly understood.  Several hypotheses exist:

            1) Denervation hypersensitivity of alpha motor neuron

            2) Collateral sprouting resulting in further loss of inhibitory input.

            3) Hyper-excitable gamma motor neurons will increase the sensitivity of the    

                neuromuscular spindle.

            4) Interneuron activity and excitability.

Net result is an imbalance of excitatory and inhibitory input to motor neurons, leading to hyperexcitability.  

· When a muscle contracts its agonists also contract via information from muscle spindles via IA fibers. (See figure)
· The IA fibers also cause inhibitory activity in antagonist muscles, inhibiting contraction
· Loss of this causes simultaneous co-contraction of agonists & antagonists.
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Renshaw Cells:
· Allows for recurrent inhibition (interneurons in the ventral horn of the spinal cord).
· Evidence of ( recurrent inhibition that ( inhibition to IA interneurons allowing for co-contraction of muscles.
Spasticity after spinal cord transection—after a complete transection of the spinal cord, some, but not all features of spasticity are present.  

· Hyperactive DTRs

· May have absent tone and clonus

Spasticity with Preserved CNS Pathways—after a contusion, compression or other form of incomplete disruption of the spinal cord, other features are present, which demonstrate the presence of some preservation of transmission through the injured cord.

· SCI rarely results in complete transection.
· Descending axons traverse injury site.
· May represent abnormal pathways for descending motor control

· This “New Anatomy” of the spinal cord results in altered motor control - seen clinically as spasticity.

4. Assessment
 Clinical Assessment Scales / Tools
Ashworth Scale
0 = No increased tone 

1 = Slight increase in tone, giving a 'catch' when affected part is moved in flexion or extension

2 = More marked increase in tone, but affected part easily flexed

3 = Considerable increase in tone; passive movement difficult

4 = Affected part rigid in flexion or extension

Modified Ashworth Score 

     0 =
No increased tone

     1=
slight increase in muscle tone, manifested by a catch and release or by minimal resistance at the end of the range of motion when the affected part(s) is moved in flexion or extension

    1+=slight increase in muscle tone, manifested by a catch, followed by minimal resistance throughout the remainder (less than half) of the ROM
     2 = More marked increase in tone, but affected part easily flexed

     3 = Considerable increase in tone; passive movement difficult

                 4 = Affected part rigid in flexion or extension


(Changes compared to the standard Ashworth Scale are italicized)
(The MAS introduced a 1+ score to the Ashworth Scale, with the goal of increasing the sensitivity of the lower end of the scale)
Penn Spasm Frequency Score (PSFS) 
0
no spasms

1
mild spasms induced by stimulation

2
infrequent spasms occurring less than once per hour

3
spasms occurring more than once per hour

4
spasms occurring more than ten times per hour

Modified PSFS: 2 Part 
Part 1: Spasm Frequency Score (as above)

Part 2: Spasm Severity Scale

1 mild

2 moderate

3 severe

Spasm Frequency Scale: Spasms per day rather than per hour.
0 – None

1 – One or a few spasms/day

2 – Between 1-5 spasms/day

3 – 5 or < 10 spasms/day

4 - > 10 spasms/day or continuous

Tardieu Scale:  measure of spasticity that quantifies tone by measuring the intensity of the reaction at specified velocities from slowest to as fast as possible. 

· Mostly used in CP and adult stroke, but can be used in all diagnoses
· Resistance to passive stretch may be from more than just spasticity (i.e. soft tissue changes) “Neural vs peripheral contributions”
· 3 key components to the testing:
1. Velocity of stretch; 
2. Quality of muscle reaction; 
3. Angle of muscle reaction
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Grading always performed:

© On a muscle at rest before the stretch maneuver
o Ata reproducible velocity of stretch. Once the fast veloc-
ity is selected for a muscle, it remains the same for all
subsequent tests.
o At the same time of the day
© In a constant body position for a given limb
© Other joints, particularly the neck, must also remain in a
constant position throughout the assessment and for all
other assessments.
Velocity of Stretch

o SLOW = V1: As slow as possible (slower than the rate of
natural drop of the limb segment under gravity)
o FAST = Either V2 or V3
© V2: Speed of the limb segment falling under gravity
© V3: As fast as possible (faster than the rate of natural
drop of the limb segment under gravity)

APPENDIX 2: THE TARDIEU SCALE: GRADING

X = Spasticity Angle (Threshold)
Angle of arrest at slow speed Xy, minus Angle of catch at

fast speed Xy

Y = Spasticity Grade (Gain)
0. No resistance throughout passive movement
1. Slight resistance throughout passive movement
2. Clear catch at precise angle, interrupting passive move-
ment, followed by release
3. Fatigable clonus (<10s when maintaining pressure) oc-
curring at a precise angle, followed by release
4. Unfatigable clonus (>10s when maintaining pressure)
occurring at a precise angle
o Catch without release: graded 0 if Xy, =Xys; “unrat-
able” spasticity otherwise
o Catch with “minimal” release: graded 2 if Xy, is
consistent and consistently less than Xy,
© Angle 0° = position of minimal stretch of the tested
muscle
 For grades 0 and 1, spasticity angle X=0° by definition












Gracies et al 2010

SCI-SET: 

· 35 item, 7 day recall self report scale
· Assesses impact of spasticity on various ADL to issues of social participation

· Uses a Likert Scale of -3 to +3 in asking how spasticity affects their lives.
· Adams et al Arch Phys Med Rehabil 2007

SCATS: (Spinal Cord Assessment Tool for Spastic Reflexes) 
· Developed to better quantify flexor and extensor spasms and ankle clonus in SCI

· May provide a complementary tool for measuring spastic hypertonia. 
· Valuable because current assessment tools do not differentiate between the different types of spastic motor behaviors that manifest after SCI. 
Benz et al 2005
PRISM: Patient Reported Impact of Spasticity Measure 
· Evaluates effect of self-reported spasticity on various aspects of an individual’s life.  
· Includes subscales that assess the impact of spasticity over a 7-day period and evaluates its effect on “social avoidance and anxiety, psychological agitation, daily activities, need for assistance or positioning, need for interventions, and social embarrassment, as well as the positive impact of altered motor control”.
· Cook et al  2007
Reflex Scale
0 = no reflex

1 = somewhat diminished, Low normal

2 = average, normal reflex

3 = brisker than average, possibly indicative of disease

4 = very brisk, hyperactive, associated with clonus

Clonus:

0 = None

1 = Unsustained

2 = Sustained

3 = Spontaneous/light touch provoked

*   Excessive tonic spasticity will suppress phasic spasticity—masking clonus which will reappear if tonic spasticity is reduced; e.g., one may be able to produce ankle clonus with the knee bent even if unable with the knee straight.

 Mechanical Assessment

Based on the theory that increased resistance to passive movement is due to a lowered threshold of tonic and phasic stretch reflexes.

· Isokinetic Dynamometry

· Pendulum Test

· Mechanical Oscillation of a single joint

Electrophysiological Assessment

Based on the theory that spasticity is the result of lowered threshold for activation of motor unit activity.

· H-reflex

· H/M ratio

· Brain Motor Control Assessment

· Others

Problems with the different scales and tests:

· Static test for dynamic process
· Spasticity changes based on time of day and with many other factors
· Test position usually not the position of function
· Poor correlation between scales
· Discrepancy b/w self-rated and clinical scores
· ( in score does not necessarily correlate with improved function
Inter and Intra-rater reliability:
· MAS and Spasm Frequency Score (SFS) in SCI were studied for reliability & correlation. 
· Overall inter- and intra-rater reliability was satisfactory, but not for ankle dorsiflexors.
· Repeated tests should always be performed by the same rater and in a standardized manner. MAS and SFS are poorly correlated. Suggest that they assess different aspects of spasticity.  
5.  Treatment Strategies


Not all spasticity is bad; ~15% of people use their spasticity for function including:

· stability in sitting/standing
· maintains muscle bulk
· increases venous return
· improves cough
· improves functional capabilities
· ADL (i.e. dressing)


· Mobility (i.e. transfers, ambulation)

But in most cases, spasticity may impact function & quality of life
· medical (pain, stiffness, spasms, positioning, contractures)
· physical (mobility, ADL, hygiene, cosmesis)
· psychological (sleep, self esteem, mood)
· social, recreational 
· vocational, sexual

Reports: Effect on QOL (72%). 44% - loss of independence and source of depression


~50-60% impacts sleep, annoying, interferes with function & ADL
Spasticity Treatment Strategy: Indications for Treatment
· Does the spasticity cause pain?
· Is it leading to contracture?
· Does it interfere with function? Sleep?
· Does it affect quality of life?
Treatment Options:  The Classic Pyramid
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Mechanical / Physical Methods:
a.  Removing noxious stimuli    
· Bladder:

· Blocked indwelling urethral catheter; Bladder Stones; UTI’s

· Bowel 
· Impaction; Hemorrhoids

· Ingrown Toe Nail

    Other important Causes:
Fracture


Heterotopic ossification
Menstruation
Venous thrombosis

Pressure injury 

Syringomyelia
Intra-abdominal pathology (appendicitis, cholecystitis, etc.)

b.  Stretching

· Reduces motor neuron excitability and tone (i.e. distal muscles)
· Focus on muscles at risk for contracture

· Superficial heat may help tolerance, but doesn’t change tone
· Standing provides prolonged stretch and may improve spasticity
c.  Posture and Positioning

· Lumbar support in wheelchairs

· Good flexibility of hamstrings

· Avoid sling seats

· “Dump” and “Squeeze” encourage upright posture and reduce extensor tone

d.  Modalities 
     1)  Cold 
· Prolonged application of cold (sufficient to lower intramuscular temperature) reduces tone
· 20-minute application required for short lived benefits (~1 hour).
     2)  Heat

     3)  Biofeedback

     4)  Electrical stimulation (FES, NMES) - efficacy not well documented
5) Vibration (whole body and local) may benefit spasticity
e. Orthotics (individualized and not always indicated)
f.  Serial casting

· Adjunct to pharmacologic intervention or chemodenervation 
· Can aid in gaining ROM
b. Pharmacologic Management:  Most Common Oral Medications for Spasticity
	Medication
	Usual Dosage
	Major Mechanism of Action
	Common Side Effects

	Baclofen
	5mg TID-40mg QID
(FDA approved to 80mg/day; some use higher doses)
	Pre-synaptic inhibition of GABA-B receptors
	Sedation, ataxia, muscle weakness.  Abrupt withdrawal may result in seizures and hallucinations.  May cause respiratory failure, seizures, coma and death in overdose.

	Diazepam
	5mg qday-15mg QID
	Facilitates post-synaptic effects of GABA, increasing pre-synaptic inhibition
	Sedation, impaired memory and attention, impaired motor coordination.  May cause respiratory depression and coma in overdose.

	Dantrolene
	25mg qday-100mg QID
	Reduces calcium release, interfering with excitation contraction coupling in skeletal muscle
	Nausea, vomiting, diarrhea, malaise and generalized muscle weakness.  May cause hepatotoxicity, therefore liver enzymes should be monitored.

	Tizanidine
	2mg qday-36mg/day in divided doses Better tolerated as a QID dosing
	Alpha-2 adrenergic agonist, increases pre-synaptic inhibition of motor neurons
	Dry mouth, sedation, dizziness, mild hypotension.  May cause elevated liver enzymes, therefore must monitor.

	Clonidine 
	0.1-0.3mg transdermal
	Alpha-2 adrenergic agnoist, increases pre-synaptic inhibition of motor neurons
	Orthostasis, bradycardia, dry mouth, constipation, ankle edema and drowsiness. 

	Gabapentin
	100mg TID-1200mg QID
	Unknown
	Somnolence, dizziness, ataxia, tremor, dyspepsia and constipation


a.  Baclofen – most common first line choice in SCI

     -  mechanism:  binds to and activates GABA-B receptors

                              pre-synaptic inhibition of Ca influx

                              post-synaptic binding on the Ia sensory afferent terminals, increasing K+ conductance

-  dose:  5 mg TID to ?? (max FDA approval is to 80 mg/day), however many SCI clinicians use much higher doses. Important to document in record you have discussed dosage with patient if using >80mg/day. 
    -  side effects:  weakness, sedation, hypotonia, ataxia, confusion, fatigue, nausea, 
        lowering of the seizure threshold

    -  be aware of consequences of abrupt discontinuation – seizures, confusion, hallucination, rebound spasticity and malignant hyperthermia

· Baclofen Impact on Neurological Recovery in SCI
· Belief that it interferes with neurological recovery in humans is not clear
· Analysis reporting association b/w antispasmodic medications and decreased functional recovery (FIM) at rehab discharge but not at one year {Theriault J SCM. 2016} 
· A secondary analysis on the Sygen SCI clinical trial (RCT looking at GM-1 ganglioside therapy in acute traumatic SCI) – initial exam at 72 hrs and follow up (between 4 and 52 weeks post injury). There was no detrimental effect of baclofen exposure on marked recovery. Interestingly, high-dose baclofen was associated with a significantly higher rate of marked recovery in individuals with AIS A and C/D grades (Cragg 2019).
b.  Benzodiazepines 

      1).  Diazepam 

           -  mechanism:  binds to and activates GABA-A receptor chloride ionophore complex

                                    Potentiates pre-synaptic inhibitory effect of GABA and reduction of mono- and polysynaptic reflexes

           - dose:  2mg BID-max of 60 mg/day; bedtime dosing for nocturnal spasms @ 5-10 mg
      2).  Clonazepam

           - Used mainly for nighttime spasms

c.  Dantrolene sodium
- mechanism:  reduces muscle action potential-induced release of calcium from the sarcoplasmic reticulum of skeletal, smooth and cardiac muscles -->  uncoupling motor nerve  excitation and skeletal muscle contraction. Works on the peripheral muscle as opposed to central acting so has a benefit in persons with concomitant brain injury. 

     - dose:  dose titration recommended q weekly - 25mg TID up to if needed 100mg QID.
     - risk for hepatotoxicity so monitor LFT’s 

- can weaken all muscles, not only those that are spastic
     - stop if no benefit after 45 days or if LFTs inc 2-3x normal + symptoms
d.  Tizanidine

      - mechanism:  alpha 2 adrenergic agonist

                              blocks release of excitatory amino acids from spinal interneurons 

                              (glutamate and aspartate)

      - dose:  2-4 mg HS, titrate 2-4 mg increments q 2-4 days to max of 36 mg daily

      - Side effects (eg. sedation, LFT abnormalities). Not to be used with Luvox & Cipro as they are CYP1A1 inhibitors; monitor in patients on oral contraceptives (could potentiate hypotension and sedation).
Tizanidine is available as a tablet and capsule. On an empty stomach the time to peak concentration is equal (tablet and capsule) but after a meal the tablet is absorbed 80 times faster than the capsule, potentially causing increased adverse effects.
e.  Clonidine – another alpha 2 agonist
     - available as a transdermal patch 
      - decreases tonic facilitation 



- may facilitate gait
f.  Gabapentin - GABA analogue

      - Dose: 300mg tid to max dose (no real max dose but can titrate as long as see benefits 

without minimizing side effects) 
g.  Lyrica - GABA analogue
     - Side effects include peripheral edema, weight gain, angioedema, ataxia, visual impairment, and confusion
Other medications:  
Dronabinol (Marinol®) - marijuana alkaloid

     - commonly used by people with SCI for pain and spasticity.

     - patients will state that the oral form is not as effective as other routes of THC.  

     -  metabolized rapidly after oral ingestion

     - reported efficacy in MS patients 
Cyproheptadine (Periactin®)

     - cholinergic effects; histamine and serotonin antagonist
     - reported to decrease clonus (in SCI, MS pts) and may facilitate gait
Opioids

Tricyclic Antidepressants

c. Chemical  neurolytics
a.  Motor Point Blocks:
     -  Focal treatment for a systemic problem

     -  Phenol (4-6%) and ethanol (35-60%)
     -  Lower cost (as compared to botulinum toxins)
     -  Requires localization of motor point
     -  Results: rapid reduction of spasticity, variable duration of action (3-12 mo)
     -  Side effects:  pain, edema, DVT, permanent degeneration of the axon 
b. Nerve Blocks:
    - Perform on mostly motor nerves (i.e. Musculocutaneous, Obturator, etc)

    - Requires electrical stimulation technique

    - Phenol or ethanol

    - Lasts longer than botulinum toxins (~6-12 months)

    - Monitor for dysesthesias (from incomplete block)

c.  Botulinum Toxins: (A and B)

      -  Mechanism:  binds at the neuromuscular junction to inhibit release of acetylcholine causing muscle relaxation

-  FDA approved uses:  cervical dystonia, blepharospasm, strabismus, and many extremity muscles. 
      -  In general: Onset -3 days; peak effect - 3 weeks; duration - 3 months.  
-  Dose:  total max dose / visit:  varies on the type of toxin used. 
      -  Clinical benefit ~12 weeks

      -  Efficacy may decrease over time due to neutralizing antibodies

      -  Technique of injection:


- Anatomic landmarks – not recommended.
- EMG guidance



- Electrical stimulation



- Ultrasound guidance
      -  Dilution techniques

      -  Side effects are an extension of pharmacology:  dose dependent weakness

· spread beyond the injected area

· bruising, bleeding

· fatigue, soreness

Boxed Warning:

· dysphagia, shortness of breath
· rare – botulism-like syndrome

· not given during pregnancy or lactation

· should not be used to address fixed contractures or other joint deformities

Botulinum Toxin Dosing Guideline   

	Muscle
	OnabotulinumtoxinA (Botox) and IncobotulinumtoxinA dose (Xeomin) (units)
	AbobotulinumtoxinA dose (units) (Dysport)
	RimabotulinumtoxinB dose (units) (Myobloc)

	Pectoralis 
	75-150
	150-300
	2,500-5,000

	Biceps
	50-200
	100-400
	2,500-5,000

	Triceps
	50-200
	100-400
	

	Flexor carpi radialis
	25-100
	150
	1,000-3,000

	Flexor carpi ulnaris
	20-70
	100-150
	1,000-3,000

	Flexor digitorum superficialis
	20-60
	150-300
	1,000-3,000

	Flexor digitorum profundus
	20-60
	150-200
	1,000-3,000

	Hip adductors
	200-400
	500-1000
	5,000-10,000

	Quadriceps
	50-200
	
	5,000-7,500

	Gastrocnemius
	50-250
	250-1000
	3,000-7,500

	Posterior tibialis
	50-150
	200-500
	3,000-7,500

	Anterior tibialis
	50-150
	
	2,500-5,000


*There is no interchangeability between formulations and there are differences in relative potencies. Studies often assess these medications at varying dose ratios with abobotulinum toxin requiring 2 to 3 times the relative dose in ‘units’ compared to the other formulations of toxin-A’s. While dosing is described in terms of units, the presumed clinical effect of 1 unit is not interchangeable between formulations. A meta-analysis of the relative potency between onabotulinum and incobotulinum, has shown that there was while there is little difference in relative potencies between the two products using a standard unit dosing, only one outcome measure was assessed and response rate was only determined at day 30, thus limiting its usefulness.


d. Cryoneurolysis

Only a small amount of information to date on this in spasticity. (Winston et al 2017)

e. Surgical treatments
    a.  Intrathecal Baclofen Therapy

        -  mechanism:  binds to and activates GABA-B receptors

                                  pre-synaptic inhibition of Ca2+ influx

                                  post-synaptic binding on the Ia sensory afferent terminals, 
                                  increasing potassium conductance

        -  oral dose of 60mg = lumbar concentration of 24mcg/L

        -  intrathecal infusion of 600 mcg /day = lumbar concentration of 1240 mcg/L (cervical concentration = 1/4 lumbar concentration)

        -   used for long term control of spasticity without significant central side effects at much smaller dose vs oral po)
   Indications for ITB:

        
Severe spasticity of spinal or cerebral origin (97% efficacy in SCI)
        
Refractory to po medications, or side-effects are intolerable
    
Drug is delivered directly to target site

Fewer cognitive and sedating side effects

Lower dose required (1% of oral dose)

Effective in reducing spasticity, pain, improves function and QoL
       
Patient responds to intrathecal bolus of <100ug (screening trial)

1)  Screening Trial:  important to screen carefully
· Assess spasticity 

· Administer 50ug (although some start at100ug) via lumbar puncture 
· Onset is within 30-60 minutes

· Peak effect is within 4 hours

· Monitor response for a minimum of 4-6 hours

· If response is less than desired, perform 2nd bolus with 75ug 24hrs later and a 3rd bolus of 100ug may be tried 24hrs after the second bolus
2)  Titrating Drug Dose (after implant)

· Monitor patient for side-effects and over dosage
· Initial dose based upon response to trial

· Begin IT-B conc @ 500 mcg/ml
· 2x bolus dose (over 24 hours) if response is < 12 hours
· Can then increase 10-15% once every 24hrs

· Lowest dose with an optimal response should be used

· Range: most common: 400 to 800 micrograms daily (can certainly go higher if clinically benefitting) 
3) Modes of Administration:

1. Simple continuous
2. Complex continuous – allows for differential effects throughout the course of the day.
3. Periodic bolus: 
· delivers several boluses over a few minutes with relatively low delivery between the boluses 
· may allow for greater distribution of drug with enhanced access to higher spinal levels (beneficial for addressing upper extremity tone) 
· possibly a higher risk of overdose. 
      4)  ITB Considerations:

· Battery life 5 – 10 years

· Potential issues/complications

· Overdose

· Withdrawal

· Pump failure

· Catheter kinking/displacement/microfracture

· Pump infection ( meningitis

· Pocket fill

· MRI will cause pump to temporarily stall; it must be interrogated after MRI to ensure it has restarted

· Patients should not use saunas, hot tubs, steam rooms if > 102˚F (39˚C)

· Patients cannot scuba dive below 33 ft (10 m)

5) Signs and symptoms of baclofen overdose

· Drowsiness

· Lightheadedness

· Dizziness

· Somnolence

· Respiratory depression 

· Seizures

      6)  Signs and symptoms of baclofen withdrawal
Early Signs of Under-dosing:
· Increased spasticity

· Pruritus

· Hypotension

· Paresthesias

       a)  Signs of Abrupt Withdrawal:

            Fever

            Altered mental status

            Exaggerated rebound spasticity

            Muscle rigidity
       b)  Untreated withdrawal may result in:

            Rhabdomyolysis

            Multiple organ system failure

            Death

       c)  Baclofen withdrawal may resemble:

            Autonomic dysreflexia

            Sepsis

            Malignant hyperthermia


Neuroleptic-malignant syndrome

  d)  Baclofen withdrawal treatment

            Primary treatment:  

                Restore baclofen intrathecally as quickly as possible
            Alternative options: 

High dose oral/enteral baclofen, with other anti-spasticity agents (i.e. dantrolene and clonidine that may also prophylax against seizures. 
                 PO, enteral, IM or IV benzodiazepines titrated to desired therapeutic effect. 

Can even use a lumbar drain with external pump (Hwang et al 2019)


Excellent review article for troubleshooting: Saulino 2016. 
b.  Orthopedic procedures
     - increase function by:  

     1) maintaining appropriate muscle length via musculo-tendinous lengthening (eg.  
achilles tendon lengthening, hip adductor tenotomy)

     2) providing power via tendon transfers
     3) improving mechanics of gait via rotational osteotomies (e.g. tibial and fibular 
osteotomies)

c.  Neurosurgical Procedures
    1)   Selective Dorsal Rhizotomy 
          - interruption of reflex arc

          - sectioning of afferent nerve rootlets L2-S2

          - EMG guidance, selected roots only

          - Not often used in SCI
     2)   DREZ-otomy
           - afferent fibers divided at the Dorsal Root Entry Zone 

           - destroys nociceptive and myotactic fibers --> interrupting both reflex arc and pain pathways

           - primarily indicated for severely affected pts

           - limited experience


3) Peripheral neurectomy


4) Myelotomy



5) Spinal cord stimulation
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Negative Symptoms – Performance Deficits


Muscle weakness


Incoordination


Fatigue


Pain





Positive Symptoms – Abnormal Behaviors


Hyperreflexia


Clonus


Co-contractions


Postural abnormalities


Disorder of voluntary movements


Increased muscle stiffness
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