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RIM SERVICES PEARLS

A. RIM Services

1.
2.
3.

RIM3 Spinal Cord Injury (SCI) and Orthopedic Surgery
RIM4 Neuroscience: Stroke and Traumatic Brain Injury (TBI)
RIM7 Medically Complex and over flow patients

B. Anticoagulation

1.

Daily determine patients to be followed from antibiotic/anticoagulation download; if not available,
it can be printed:

7.6.3

Page down to DLY_ABX_HEP.RIM

Press enter

Press escape to return to main menu after printing

Lab results are found in Sunquest under RB. Hemodialysis patients also have lab results under
HH. CIS does not list RIM lab results, though other test results and reports may be available
there if done at another DMC site.

Even though INR/PT was not ordered by pharmacy, one may have been ordered by the physician
or just entered on the wrong date; the lab calls outliers to the floor or, if indicated, to pharmacy
beeper #9578.

Lab results usually are back by 9:30am; check every anticoagulation patient consulted for new
labs.

Standardized lab draw times are AM (approximately 6-7am), 4pm, and 8pm. Levels ordered at
other times are drawn by the RN or PCA but may need to be deferred to the next lab draw if
unable to obtain.

If the morning INR is not done, try to order for the next day instead of ordering later in the day.
Order labs at least once daily if on heparin.

For aPTT orders, write in the chart: "Comments: Send to stat lab, call #9578 with rush results.”

For stable patients on warfarin, order labs Monday, Wednesday, and Friday.

An INR or aPTT ordered multiple times (i.e., qd X3) may or may not be entered as intended.
Order labs by date(s) needed or daily only.

Do order an INR either the day before discharge (preferably) or the day of discharge.
Discharge dates (when known) are posted on the whiteboard where patients are listed by room
number or can be found in the interdisciplinary team report located at the front of the progress

note section of the chart.

Order CBC a minimum of 1X each week while on warfarin. Patients on heparin need a CBC
ordered QOD. Remember, a 2 gram Hgb drop or bleeding must be addressed with the physician.

10. Try to not order INR/PTs on the weekend as there are fewer people to cover.
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11.

12.

13.

14.

Dr Nasser sends his TKA and THA patients from MISOH to RIM on warfarin and requests a goal
INR of 1.6-2 for DVT prophylaxis lasting 3 weeks. He requests that his patients not be started on
Lovenox.

To track down missing anticoagulation labs or to add an INR/PT or aPTT to blood already drawn,
call DRH core lab at 30714. If needed to track a result, HUH processing is 58831.

Note that run times are less often than at Harper and Hutzel (6:30am, 10am, 1pm, 4pm, 7pm, and
10pm). When possible, try and order warfarin doses as daily rather than X1 tonight.

Note that orders written, for example, 5mg po qd X 2 days are often interpreted as on-going by
the order entry pharmacist and not reentered if the same dose is continued beyond those 2 days;
the patient often receives no further doses. Either write doses as “daily” or “X1 tonight at 1800” to
avoid this situation.

All patients on warfarin must be counseled and a note left in the chart. This is a Tier 2 policy.
A note using the preprinted sticker is left in the progress note section of the chart. Coumadin

counseling can be done at any point during the patient’s stay. Do indicate counseling completed
in the appropriate section of the anticoagulation PMR as well.

B. Antibiotics

1.

Daily determine patients to be followed from antibiotic/anticoagulation download; if not available,
it can be printed:

7.6.3

Page down to DLY_ABX_HEP.RIM

Press enter

Press escape to return to main menu after printing

2. Note that patients transferring into RIM who are on antibiotics are often on established doses of
those antibiotics long term. Profiles may be available from another HUH/HWH/KCC unit.

3. Before changing an admission dose, try to locate the transfer chart and verify if any levels have
been done and any adjustments made at the prior facility as well as what day of antibiotic therapy
the patient is on.

4. If transferred from a DMC facility, often levels can be found on line and the old chart can indicate
the timing of the transfer antibiotics. The nursing transfer report should indicate when the last
dose of antibiotic was administered.

5. Levels are often indicated in the first week at RIM because the patients no longer have a running
IV and fluid status may change enough to warrant changes in dose or frequency.

C. TLOA

1. Patients go home on weekends to assess living arrangements and care needed after discharge;
taking their own medications is an important part of that trial.

2. Physicians will indicate which medications and doses to send the patients home on in the

standard inpatient order form. Orders for PRN medications need to indicate a quantity. Labels
are generated from MS meds.
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3. Fill all the TLOA medications indicated including any bulk items and controlled drug items from
central pharmacy and place the order with the outpatient prescriptions in the appropriate
outpatient prescription file.

4. ClIl prescriptions need to be written on a regular prescription blank and signed by the physician.

5. Physician DEA numbers can be found on the beeper list kept with the RIM PMRs in Drug
Information.

D. Vaccines

1. Pneumococcal and influenza vaccines are kept as floor stock at RIM.

2. Extra vials are kept in the technician’s office, room 518, at RIM.

3. Two labels are sent with each dose of vaccine. One label is attached to the MAR when the
vaccine is administered, and the other is attached to the continuing patient care (CPC) form given
to the patient at discharge.

4. Patient handouts can be found on the pharmweb under antimicrobials.

E. Other medications

1. Baclofen
a. Note that doses can safely go as high as 240mg daily.
2. Botox

a. Note that Botox is used on inpatient TBI patients to control spasticity or release
contractures and help patients benefit more from inpatient therapies. It is found in the
storeroom in the locked refrigerator.

b. The dose can range from 100-700 units depending on how many sites are to be injected.

c. The entire vial is dispensed along with a 10ml vial of NS preservative free to be used for
reconstitution.

3. Theophylline Study

a. Note that Dr Nieshoff periodically has study patients on theophylline obtained through our
investigational drug department.

b. The monitoring parameters are attached and the pharmacist is usually consulted to
monitor the theophylline levels and doses.
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THEOPHYLLINE DOSING (Study 1-652)

NNk wDD—

Theophylline level prior to start of therapy

Use actual body weight to dose unless patient is obese

Use ideal body weight to dose if obese (=2X IBW)

Give doses ATC, i.e., 0800 and 2000 for less variation in peak and trough
Start loading dose and first maintenance dose at 0800 or 2000

Available doses: Theophylline syrup 80mg/15ml and extended-release tablets 100mg, 200mg, 300mg
Loading dose: Check level 1-2 hours after dose given

Criteria

Oral Loading Dose

If no theophylline given previously

Smg/kg oral liquid (Max 400mg)

8. Maintenance dose to start after loading dose; divide into 2 doses/day to be given at 08 and 20

Criteria

Oral Maintenance Dose

Non-smoking adolescents 12-16 years old

13mg/kg/day (1100mg/day)

Non smoking otherwise healthy adults including
elderly

10mg/kg/day (Max 900mg/day)

Cardiac decompensation
Cor pulmonale
Liver dysfunction

Smg/kg/day (Max 400mg/day)

Smoking adolescents or otherwise healthy adults

16mg/kg/day (1400mg/day)

9. Potential interactions

Decrease Clearance
And potentially increase theo levels

Increase Clearance
And potentially decrease theo levels

Allopurinol
Cimetidine
Ciprofloxacin
Clarithromycin
Erythromycin
Propranolol
Thiabenazole
Ticlopidine
Zileutin

Systemic viral illness

Carbamazepine
Phenytoin
Phenobarbital
Rifampin
Sulfinpyrazone

Smoker
Charcoal broiled meat
High protein diet

10. Adverse Drug Reactions

a. Gl upset

b. Headache

c. CNS stimulation
d. Diuresis

e. Arrhythmias

f.  Seizures

11. Check levels/dosage adjustment

a.  Monitor peak levels at least 48hrs after no missed doses

b. Check levels 2X week after AM dose and 48-72 hours after any dosage change
c. Note: For every Img/kg theophylline given, blood levels will increase 2mcg/ml
d. Blood sample 1-2 hours after loading dose (immediate release liquid)
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c.

Blood sample 4-6 hours after morning dose of Slo-bid (Evening serum concentrations may be less
reliable because of diurnal rates of absorption—slower at night)

Theophylline
Range

Theophylline Comments

Level

Adjustment

Normal

Continue same dose unless
potential DI or side effects
present

No dose change needed unless
side effects present

10-12 mcg/ml continue same dose

Occasional intolerance
requires a 10%

12-15 meg/ml

Too High

16-20 meg/ml d by 10-25% Even if asymptomatic and side
effects absent, a dose ¥ is
prudent

Omit one dose even if
asymptomatic and side effects
absent, a dose d is indicated
Omit next 2 doses even if
asymptomatic and side effects
absent; a dose Y is indicated;
repeat serum theophylline
concentration after dose
adjustment

Seek medical attention and
consult regional poison center
even if not symptomatic; if > or
= 60 years of age, anticipate
need for treatment of seizures

20-24.9 mcg/ml 4 by 50%

25-29.9 mcg/ml 4 by > or =50%

>30 mcg/ml Omit next 4 doses; ¥ by 60-

75%

Too Low

<Smcg/ml T dose by 25% Recheck serum theophylline
concentration
Recheck serum theophylline

concentration

5-9.9 mcg/ml T dose by 10-15%

Whenever side effects occur, decrease dose to previously tolerated lower dose

12.

13.
a.
b.
c.
d.

14.
a.
b.

15.
a.
b.
c.

Monitor

Sources

Patient information: See study protocol

Heart rate
CNS effects (insomnia, irritability)
Respiratory rate
Serum theophylline level
i.  0.5-1ml in red top tube
ii. therapeutic level 10-15mcg/ml

Exclude patients with

See study protocol
Currently on theophylline, aminophylline or pentoxiphylline?

Koda-Kimble, et al., Applied Therapeutics: The Clinical Use of Drugs, 2001
Dipiro, et al., Pharmacotherapy: A Pathophysiologic Approach; 1999
Lacy, et al., Drug Information Handbook, 1999
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Treatment of Spasticity With Botulinum Toxin

Christopher F. O’Brien, M.D.

Elan Pharmaceuticals, San Diego, California, U.S.A.

Abstract:

Spasticity is an abnormal increase in muscle contraction often caused by damage to
central motor pathways that control voluntary movement. During clinical examination,
spasticity manifests as an increase in stretch reflexes, producing tendon jerks and
resistance appearing as muscle tone. There are many causes of spasticity, including
demyelination from multiple sclerosis, congenital damage from diseases such as ce-
rebral palsy, trauma to the brain or spinal cord, hemorrhage or infarction, and other
pathologic conditions that interrupt neural pathways. Effects of spasticity range from
mild muscle stiffness to severe, painful muscle contractures and repetitive spasms that
reduce mobility and substantially impede normal activities of daily living. Botulinum
toxin therapy reduces spasticity and pain associated with several disorders. Local
treatment with botulinum toxins can be used as adjunctive therapy, along with oral
antispasticity medications, or alone to provide localized decrease in symptoms of
spasticity and pain. Botulinum toxin therapy may be particularly useful for patients
with spasticity due to stroke, whose treatment can be tailored based on recovery of
function over time. In addition, botulinum toxin therapy is safe for pediatric patients,
including children with cerebral palsy, who may not be able to tolerate the cognitive
side effects of oral medications. Results of studies evaluating botulinum toxin for the
treatment of spasticity due to various causes are presented here.

Key Words: Spasticity—Neural pathways—Demyelination—Botulinum toxin

Spasticity is defined as a velocity-dependent increase
in tonic stretch reflexes and is one component of the
upper motor neuron syndrome. Common causes of spas-
ticity include demyelination from multiple sclerosis, con-
genital damage from cerebral palsy, trauma to the brain
or spinal cord, stroke, and hereditary spastic paraparesis.
Spasticity can be described as having “negative” and
“positive” symptoms. Negative symptoms include de-
creased coordination, loss of dexterity, muscle weakness,
and fatigue. These are usually managed with physical
therapy and the use of assistive devices. The positive
symptoms manifest clinically as hypertonicity, exagger-
ated deep tendon reflexes, muscle spasm, persistence of
primitive reflexes, clonus, extensor plantar responses,

Publication of this supplement was supported by an unrestricted
educational grant from Elan Pharmaceuticals, Inc.
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and discordant mass activation of muscles. It is the posi-
tive attributes of spasticity that are treated with pharma-
cologic and surgical intervention.'”

Effects of spasticity range from mild muscle stiffness
to severe painful muscle contractures and repetitive
spasms that reduce mobility and substantially impede
activities of daily living. Some patients (particularly
those with brain or spinal cord injury) suffer with dis-
abling pain related to injury of sensory pathways in cord
or brain or to musculoskeletal distortion from focal
muscle overactivity. Spasticity may be transient, after
recovery from trauma, or chronic, especially when asso-
ciated with diseases such as cerebral palsy. When spas-
ticity is caused by an injury, muscles may still stretch
normally in response to stimuli. This type of spasticity is
described as phasic. Over time, however, decreasing
muscle stretch can lead to permanent contractures, or
tonic spasticity. Prolonged contracture can result in pos-
ture and joint deformities. Early intervention is critical to
preserve as much normal muscle reactivity as possible.
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The effects of spasticity on clinical function vary
widely from one patient to another; treatment decisions
can therefore be quite complex.3 In some cases, spastic-
ity may not require treatment. For example, a patient
with minimal voluntary control of his legs but prominent
extensor tone of lower extremities may use his spasticity
to help in ambulation or transfer. In a different scenario,
a patient with poor cognition who would not be fully
aware of benefit may be treated to facilitate caregiving.”*
Treatment may be initiated to relax muscles to improve
the fit of an orthotic device such as a brace. For painful
spasticity, the potential source(s) of pain should be iden-
tified (if possible) and treated accordingly. Importantly,
the approach to treatment should be based on individual
goals for improving function, including mobility and
range of motion, and decreasing pain and frequency of
muscle spasm.

TREATMENT OF SPASTICITY

Treatment of spasticity usually involves a multidisci-
plinary approach. Decreasing nocioceptive stimuli, such
as pain or cold, that can trigger symptoms is the first step
in reducing the frequency of transient spasticity.* Phys-
iotherapy to stretch muscles and prevent muscle short-
ening is standard in spasticity management. Oral anti-
spasticity agents, such as benzodiazepines, dantrolene,
tizandine, oral baclofen, and several other classes, can be
effective for a generalized reduction in body tone but can
produce significant adverse effects, ranging from seda-
tion to serious hepatotoxicity.”® In addition, efficacy
tends to diminish with prolonged use, necessitating
higher doses and increasing the risk for adverse effects.
Sedation, muscle weakness, dizziness, and other com-
mon side eftects of oral antispasticity drugs can compli-
cate the patient’s efforts to improve function and may not
be appropriate for some populations, such as children.
Chemodenervation with phenol or botulinum toxin in-
jection may be useful for controlling focal spasticity in
some patients. For severe generalized spasticity that has
not responded to more conservative approaches, intra-
thecal baclofen or surgery may provide relief for selected
patients.

CHEMODENERVATION WITH
BOTULINUM TOXIN

Chemodenervation with phenol or botulinum toxin in-
jection can effectively reduce harmful spasticity in one
area while preserving useful motor function in another.”
Phenol is administered by motor point or nerve point
blockade and works by denaturing proteins, resulting in
neural tissue dysfunction. Axon recovery usually occurs,
but higher concentrations of phenol (5% solution) may
produce permanent injury.® Phenol injection also can

Copyright © Lippincott Willlams & Wilking. Unauthorized reproduction of this article s prohibited.

cause lethargy, nausea, and pain and dysesthesia from
nerve tissue necrosis.” Botulinum toxin is administered
by IM injection and produces dose-related weakness of
affected muscles by inhibiting the release of ACh at the
neuromuscular junction. Botulinum toxin is gaining
rapid acceptance for spasticity because of its efficacy,
ease of administration, and lack of significant adverse
effects. >’

Two antigenically distinct serotypes of botulinum
toxin, type A and type B, are commercially available.
These include two different formulations of Type A: Bo-
tox (Allergan, Inc., Irvine, CA) and Dysport (available in
Europe only; Ipsen, Ltd., Berkshire, UK). Both are ef-
fective, but the dose equivalency is approximately 300—
500 U of Dysport to 100 U of Botox. Type B is available
as Myobloc in the United States and NeuroBloc in Eu-
rope (Elan Pharmaceuticals, San Diego, CA). A simple
dose conversion between botulinum toxin serotypes
(e.g., type A with type B, or vice versa) is not recom-
mended because each serotype has unique pharmaco-
logic properties. Clinical trials have confirmed the effec-
tiveness of both type A and type B in a variety of
neurologic disorders characterized by excessive or inap-
propriate muscle contraction.”™? In addition, pain reduc-
tion is another benefit of botulinum toxin therapy, par-
ticularly in patients with cervical muscle contraction. It
has been suggested that that botulinum toxin may alle-
viate pain through mechanisms other than simple muscle
weakening.

Kirazli et al.” conducted one of the first studies to
compare botulinum toxin and phenol in the treatment of
spasticity. In this randomized, double-blind study, 20 pa-
tients with post-stroke spasticity were randomly assigned
to receive either 400 U of botulinum toxin type A in-
jected into the calf muscles or a tibial nerve blockade
with 3 ml of 5% phenol. Patients were evaluated at base-
line and at weeks 2, 4, 8, and 12. At follow-up, both
treatment groups showed significant improvement in
Ashworth Scores for dorsiflection. However, scores for
eversion and ambulation were improved significantly
only in type A-treated patients. Moreover, Global As-
sessment Scores and active and passive range of motion
scores were better in patients treated with type A versus
phenol. Botulinum toxin and phenol injections were both
effective in reducing lower limb spasticity in post-stroke
patients. However, functional improvements were better
overall with toxin therapy.

CLINICAL TRIALS OF BOTULINUM TOXIN
FOR SPASTICITY

Many studies have been conducted to evaluate the
efficacy of botulinum toxin for the treatment of spasticity
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and to determine its clinical role. Some studies consist of
a heterogeneous patient population with spasticity attrib-
uted to different etiologies, whereas others evaluate a
single defined group of patients with spasticity due to a
specific cause, such as multiple sclerosis (MS), cerebral
palsy, stroke, or traumatic injury. When evaluating the
appropriate use of toxin therapy, clinicians should con-
sider the condition for which spasticity is being treated.
For example, patients with MS often face morbidity from
many types of symptoms in addition to spasticity. Pedi-
atric patients with cerebral palsy may require special
considerations with regard to body size and the chronic
long-term nature of their disease. Patients with spasticity
due to stroke or to brain or spinal cord injury face lengthy
recovery times and may require flexible treatment regi-
mens that can be tailored to their specific patterns of
spasticity. Some of the more important studies that
evaluate botulinum toxin for spasticity are reviewed
below.

Heterogeneous populations

Several retrospective and open-label studies evaluat-
ing botulinum toxin for upper and/or lower limb spastic-
ity in heterogeneous populations have been published
and, in general, show positive results with botulinum
toxin treatment. One long-term retrospective case study
reviewed 13 patients with spasticity due to cerebral
palsy, multiple sclerosis, or traumatic brain injury who
were treated with botulinum toxin type A (Dysport) for 3
years. All patients with cerebral palsy and one patient
with traumatic brain injury were children. Seven patients
received physical therapy and three received oral anti-
spasticity drugs concomitantly. Results were classified as
good if identified treatment goals were achieved and
maintained for 3 months or more, or as moderate for
benefits ranging from 2 weeks to just less than 3 months.
Lack of response at 2 weeks was classified as a poor
result. Dosing for adults was determined on the basis of
the size of the muscle treated and the severity of spas-
ticity. Dosing for children was based on body weight.
Patients were evaluated every 3 months for the 3-year
study period. Repeat injections were administered to the
same muscle sites each time. A total of 38 injections
were administered, with 10 given in upper limb muscles.
The mean dose of type A administered to children was
177.3 U. For adults with upper limb spasticity, the mean
dose was 230 U, and for lower limb spasticity 296 U.
Treatment goals were achieved in 10 of 13 patients, with
response rated as good in 100% of children and in 19%
of adults. Results were moderate for 44% and poor for
38% of the remaining adults. Investigators concluded
that treatment with type A was effective, particularly
for children, who received larger proportional doses than
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adults. The limitations of this study include its small
sample size, retrospective design, and concomitant
therapy. Advantages noted with treatment using botuli-
num toxin included ease of administration, lack of
skin sensory loss or dysesthesia associated with phenol
blocks, and availability as outpatient therapy. Of par-
ticular note was the ease with which botulinum toxin
was administered to children, as no anesthesia was
required."’

Dunne et al.”” evaluated type A (Dysport) treatment in
40 patients with chronic limb spasticity (upper, n=13;
lower, n=27). The majority of patients had disabling
limb posture and/or painful muscle spasms or painful and
difficult passive stretches that were refractory to conven-
tional therapies. Blinded, random review of videotapes
of patient movements was used to assess spasticity and
motor function. In addition to the Ashworth Spasticity
Scale, several other objective scales were used to mea-
sure spasm frequency, motor skills, mobility, active and
passive range of motion, and pain. Patients were assessed
at two baseline visits and again 4 to 6 weeks after treat-
ment. Type A was injected under electromyographic
guidance (EMG). The mean total dose of type A admin-
istered was 175 U for upper limb spasticity, 221 U for a
single lower limb, and 321 U for both lower limbs. After
treatment with type A, 34 patients (85%) achieved ben-
eficial effects. Range of motion improved for 31 patients,
pain was reduced for 28 of 31 patients with pain at base-
line, and function improved for 16 patients. The mean
change in spasticity as measured by the Ashworth Spas-
ticity Scale (0—4) was 1.2, a decrease from the baseline
score of 3.2. Blinded videotaped assessment also showed
improvement in passive range of joint motion in 30 pa-
tients. The six patients who did not respond significantly
had no similar characteristics to explain their lack of
response. Adverse effects occurred in 19 patients and
included mild to moderate pain during injection (n=19)
and symptomatic weakness of injected muscles (n=1).

More recently, a prospective open-label study of botu-
linum toxin type B (Type B; Myobloc) for treatment of
limb spasticity was conducted.'® Ten patients with arm
or leg spasticity due to stroke, cerebral hemorrhage, trau-
matic brain injury, or spinal cord injury were enrolled.
Spasticity, as measured by the Modified Ashworth Score
(MAS), was 2 or higher on a scale of 0-4 for patients
included in the study. Spasticity was present in the wrist,
hand, or both for seven patients and in the ankle, foot, or
both for three patients. Outcome measures were obtained
at baseline and at weeks 4, 8, and 12 and included the
MAS to assess spasticity and tone intensity, the Medical
Research Council (MRC) assessment of muscle strength,
range of motion (ROM), Spasm Frequency Scale (SFS),
patient and investigator global assessments, patient pain

1.1
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Visual Analog Scale (VAS), and treatment goal attain-
ment. Muscle selection was based on clinical assessment
and patient goals, and EMG guidance was used for lo-
calization. Doses administered ranged between 375 and
2,500 U for arm muscles and between 2,500 and 7,500 U
for leg muscles. A reduction in spasticity and tone, as
measured by a decrease in MAS of 1 to 2 points, was
greatest for wrist and finger flexors at weeks 4 and 8.
Reduction in mean MRC scores of approximately 0.5
points in treated muscles was observed at week 4. No
significant weakness was reported in nontargeted
muscles. At week 4, 45% of patients had attained their
treatment goals. This declined to 25% at week 8 and 5%
at week 12. Pain was significantly improved at weeks 4
and 8, and investigator and patient global assessments
reported improvement at weeks 4 and 8. Adverse effects
reported were transient and included one report each of
dry mouth, flu-like symptoms, focal weakness, and fa-

TABLE 1. Dosing of botulinum toxin type A (Botox) and type B (Myobloc) for spasticity

Si85

tigue. Investigators concluded that type B effectively re-
duced objective measures of spasticity without produc-
ing weakness. Doses of up to 10,000 U were safe and
well-tolerated. ">

An important benefit provided by treatment with botu-
linum toxin is pain reduction. A recent prospective study
of 60 patients with spasticity-associated pain attributable
to several conditions, ranging from stroke to cerebral
palsy, found that treatment with botulinum toxin (Botox)
provided relief of pain for the majority (90%). Results
were comparable for patients with acute and chronic
spasticity.'® Additional discussion of the effects of botu-
linum toxin can be found elsewhere in this supplement.

It cannot be overemphasized that dosing units for
botulinum toxin type A and type B differ and should
not be quantified in terms of a ratio. Suggested dosing
guidelines for Botox and Myobloc in upper and lower
limb spasticity are presented in Table 1.77'® Importantly,

17,18

Dose range Number of Dose range Number of

Muscles type A (U) injection sites type B (U) injection sites
Upper limb spasticity

Adducted/internally rotated shoulder Pectoralis complex 75-150 4 2,500-5,000 2-6
Latissimus dorsi 50150 4 2,500-5,000 2-6
Teres major 25-75 1 1,000-3,000 14
Subscapularis 25-75 1 1,000--3,000 -2

Flexed elbow Brachioradialis 25-75 2 1,000-3,000 2-4
Biceps 50-200 4 2,500--5,000 2-4
Brachialis 25-75 2 1,000-3,000 2

Pronated forearm Pronator quadratus 10-50 1 1,000-2,500 1-2
Pronator teres 25-75 1 1,000-2,500 i-2

Flexed wrist Flexor carpi radialis 25-100 2 1,000-3,000 -2
Flexor carpi ulnaris 10-50 2 1,000-3,0600 1-2

Thumb-in-palm Flexor pollicis longus 5-25 1 1,000-2,500 1-2
Adductor pollicis 5-25 1 500-2,500 I
Opponens 5-25 1 500-1,500 1
Flexor digitorum

Clenched fist superficialis 25-75 4 1,000-3,000 -2
Flexor digitorum

profondus 25-100 2 1,000-3,000 1-2
Intringic plus hand Lumbricales interossei 10-50/hand 3 1.500-4,500 3
Lower limbs

Flexed hip Iliacus 50-150 2 3,000-7,500 2-3
Psoas 50-200 2 3,000-7,500 1-2
Rectus femoris 75-200 3 2,500-5,000 1-3

Flexed knee Medial hamstrings 50-150 3 2,500-7,500 2-4
gastrocnemius 50-150 4 3,000-7,500 2-4
Lateral hamstrings 100-200 3 2,500-7,500 2-4
Adductor

Adducted thighs brevis/longus/magnus 75-300 6/leg 5,000-10,000 2-6

Stiff (extended) knee Quadriceps mechanism 50-200 4 5,000~7,500 2-6
Gastrocnemius

Equinovarus foot medial/lateral 50-200 4 3,000-7,500 2~4
Soleus 50-100 2 2,500-5,000 1-3
Tibialis posterior 50--200 2 3,000-~7,500 1-3
Tibialis anterior 50-150 3 2,500-5,000 1-2
Flexor digitorum

longus/brevis 50-100 4 2,500-5,000 1-2

Flexor hallucis longus 25-75 2 1,500--3,500 -2

Striatal toe Extensor hallucis longus 20-100 2 2,000-4,000 -2
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dosing regimens for patients with symptoms of spasticity
should be determined on the basis of individual treatment
goals and response to previous treatment.

Multiple sclerosis

Spasticity is a common symptom of MS. Because MS
can produce so many different kinds of symptoms and
the pattern of symptoms can be erratic, treating patients
for spasticity and other symptoms at the same time can
lead to complex medication regimens. An advantage of
localized injection with botulinum toxin is the lack of
systemic side effects for patients who are likely to be
using a variety of medications. Additional advantages of
using botulinum toxin to treat patients with MS were
described in a 1993 pilot study evaluating its effective-
ness in two patients with lower extremity spasticity.
Borg-Stein et al.' noted that botulinum toxin could be
used to target specific muscle groups in a graded manner
to preserve useful spasticity that could aid the patient in
remaining mobile or improving the ability to transfer. A
common effect of spasticity in adductor muscles is in-
terference with catheterization. In this early investigation
of type A toxin, both patients had reduced spasticity, and
one patient reported increased ease of abduction for cath-
eterization. However, each patient also experienced re-
duction in tone in noninjected muscles.

Recently, Hyman et al.>® published results of a mul-
ticenter prospective, randomized, double-blind, placebo-
controlled study evaluating botulinum toxin type A
(Dysport) at three different doses for treatment of dis-
abling spasticity due to MS and involving the hip adduc-
tor muscles. A total of 74 patients were randomized to
receive 500, 1,000, or 1,500 U of type A, or placebo
injected into the hip adductor muscles. Spasticity was
assessed at baseline and at weeks 2, 4, 8§, and 12. Muscle
tone and spasm frequency in each leg were assessed
using the MAS. Patients and investigators were also
asked to rate response to treatment at the completion of
the study using a five-point scale (excellent to no ben-
efit). Spasm frequency was reduced for all groups, but
muscle tone was reduced only in the active treatment
groups. Improved distance between the knees was sig-
nificantly better for the 1,500 U group compared with
placebo. Duration of benefit was longer for all type A
treatment groups compared with placebo. Reduction in
MAS was greatest for the 1,500 U group, as measured at
week 4. Adverse events (particularly weakness) occurred
most frequently in the highest dose group, but the overall
incidence of adverse events between groups was not sig-
nificantly different. Investigators concluded that admin-
istration of botulinum toxin type A provided benefit in
reducing the degree of hip adductor spasticity associated
with MS.?
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Although ongoing study is needed to better character-
ize the use of botulinum toxin for the treatment of spas-
ticity in patients with MS, a general consensus from the
published literature to date is that treatment may contrib-
ute to improvements in maintaining hygiene, performing
catheterization, sitting, transferring, and positioning. In
addition to reducing muscle spasm and its associated
pain, botulinum toxin may also improve bladder voiding
for patients with hypertonia of the external sphincter.”"**

Cerebral palsy

The treatment of spasticity associated with cerebral
palsy can be complicated by changes in patterns of
muscle dysfunction as the child grows. Because cerebral
palsy is a chronically debilitating disease, early treatment
is desirable to improve gross motor function (i.e., spe-
cifically to preserve or improve the ability to walk) and
to reduce contractures and delay corrective surgery.*>?*
For children with more severe disability, treatment goals
often include relieving spasticity to improve or facilitate
hygiene care and to relieve pain.®*

Spastic equinus foot is a very common lower limb
dysfunction in children with cerebral palsy. Botulinum
toxin injected into the gastrocnemius muscle has been
used successfully to improve gait and ankle range of
motion and to delay corrective surgery for this condi-
tion.*>>® Botulinum toxin injected into hamstring
muscles also has been used to increase knee extension
and improve hip flexion.?” Although botulinum toxin is
very effective in reducing spasticity, these improvements
do not always lead to improved function. Reduction in
spasticity may reveal underlying muscle weakness,
which can lead to decreased stability for the patient and
sometimes a greater likelihood of falling.*®

Studies of upper limb spasticity have also demon-
strated improvements with botulinum toxin treatment. In
one study, children with hemiplegia, spastic diplegia, and
spastic triplegia were assessed using the MAS, goniom-
eter to measure range of joint motion, and Jebson Hand
Function Test. Muscle power was also gauged. There
was a statistically significant decrease in mean spasticity,
range of joint motion, and hand function after injection.
There was no statistically significant increase in muscle
power, but parents did report improved function, includ-
ing increased use of the hands and improvement in
reaching, grasping, and releasing objects. Investigators
noted that the temporary reduction in spasticity after
injection with botulinum toxin creates the possibility
for children to learn new functional skills.*® Pain at the
injection site seems to be the most common adverse
effect but 1s not serious enough to preclude subsequent
injections.
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One of the largest studies of the use of botulinum toxin
in children was a retrospective multicenter review of 758
children with spasticity (94% due to cerebral palsy).*’
Data were compiled from a total of 1,594 botulinum
toxin type A (Dysport) injections. Adverse events oc-
curred in 7% of total treatments, with focal muscle weak-
ness reported most often. Analysis of the adverse event
rate revealed that the incidence was related to the total
dose administered rather than to the dose calculated by
body weight. The highest incidence of adverse events
was reported in patients who received more than 1,000 U
of type A per treatment. Efficacy analysis revealed an
overall response rate in 82% of patients, with treatment
goals fully achieved in 3% of patients and partially
achieved in 94% of patients. Younger patients achieved
the best response, with effects diminishing with increas-
ing age. Investigators concluded that botulinum toxin is
safe and effective for the treatment of spasticity in chil-
dren, but doses in excess of 1,000 U do not improve
response and may increase the risk for adverse events.*”

Dosing issues are of concern because there are no
standardized guidelines for pediatric patients. In most
studies, dosing of children is determined by body weight,
muscle mass, and degree of spasticity. Chart review at
three practice sites showed that doses of botulinum toxin
type A for children with cerebral palsy have increased
over time. The higher doses now used may reflect the
greater number of injections administered to more
muscle groups (in contrast to more conservative dosing
in trials designed to assess more narrowly defined re-
sponse in specific muscles). The same review also
showed a trend toward younger children receiving higher
doses of botulinum toxin type A, usually because they
were too young or too small to be considered for more
aggressive therapies, such as surgery and intrathecal bac-
lofen. Older children had often undergone corrective sur-
gery, and botulinum toxin was used as adjunctive
therapy.®!

The primary benefit of botulinum toxin therapy is the
reduction in spasticity of agonist muscles, allowing im-
provement of weakened antagonist muscles and im-
proved balance across the joint. Treatment is most effec-
tive in patients with dynamic muscle shortening
localized to a few muscles and adequate selective motor
control, and is less effective in generalized spasticity.?
Good cognitive function is also associated with better
outcomes because patients are able to follow instruc-
tions. Ideally, patients with spasticity due to cerebral
palsy should be treated before age 5 or 6, or before the
development of contractures.>* For most patients with
spasticity, regardless of cause, reduction in spasticity
may improve results of complementary treatment with
physical therapy and orthotics. This is particularly true
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with botulinum toxin treatment in younger children, in
whom spastic muscles can still be stretched and the de-
velopment of contractures can be delayed.>® In some
children with mild disease, there is evidence that early
use of botulinum toxin may modify the natural history of
cerebral palsy when it is used in combination with physi-
cal therapy and orthotics. >

Post-stroke spasticity

Patients who suffer stroke affecting the motor cortex
may initially experience hypotonic muscle response,
with spastic hypertonia following days, weeks, or even
months later.’*3 The effect on muscle function depends
on the location and extent of stroke damage. Upper limb
spasticity often includes adduction at the shoulder and
flexion at the elbow and wrist. Lower limb spasticity
may include hip and knee extension and ankle flexion.*
Prolonged abnormal limb posture can lead to substantial
deformity, affecting mobility, transfer, and hygiene, and
contributing to pressure sores and pain. As with other
approaches to the treatment of spasticity, post-stroke
therapy should initially include a thorough assessment
of beneficial spasticity (flexion) that may help in balance
and mobility and negative spasticity that impedes
function.

The reversibility of therapy with botulinum toxin may
be especially useful in patients who have suffered stroke.
In the weeks and months after stroke, some patients can
regain function as they recover, especially when physical
therapy is used. For patients who are achieving physical
therapy goals, long-term antispasticity therapy is not
always needed. Botulinum toxin therapy can be highly
tailored to specific muscle groups, and doses can be
adjusted according to muscle function.

Botulinum toxin has been evaluated in many studies of
upper limb spasticity induced by stroke (Table 2).30~!
Treatment with botulinum toxin has resulted in reduced
spasticity, as measured by Ashworth and Modified Ash-
worth Scores, with few adverse effects noted. Fewer
studies have been conducted in lower limb spasticity due
to stroke, but early results show benefit in gait velocity
among some patients receiving botulinum toxin injec-
tions into the plantar flexors.*> Although studies consis-
tently show reduced muscle tone following botulinum
toxin therapy, these improvements do not always result
in functional improvement. Investigators generally stress
the importance of patient selection to achieve maximal
benefit from therapy.

Long-term dosing effects of botulinum toxin have also
been studied. This is of particular interest because of the
extended recovery time needed for some stroke-induced
injuries. A prospective study followed 28 patients with
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TABLE 2. Summary of studies evaluating botulinum toxin in upper limb spasticity from stroke

3641

Treatment
(total doses)

Study Design

Outcomes

Bhakta 1996 Open-label pilot study

17 patients with nonfunctioning arm

Simpson 1996 Randomized, double-blind, placebo-
controlled, multicenter
39 patients with upper limb spasticity

Sampaio 1997  Phase IH open-label
19 patients with right or left spastic
arm hemiparesis

Bakheit 2000  Prospective, randomized, double-
blind, placebo-controlled, dose-
ranging

82 patients with MAS =2 for wrist,
elbow, and finger flexors

Bakheit 2001 Randomized, double-blind, placebo-
controlled

58 patients

placebo

Wang 2002 Open-label

16 patients with spastic hemiparesis

75, 150, or 300 U
Botox or placebo

150 U Botox

500, 1,000, or 1,500 U
Dysport or placebo

1,000 U Dysport or

140 U Botox

400-1,000 U Dysport or  Hand hygiene improved in 14/17
100-200 U Botox

Putting arm through sleeve improved in 4/16

Walking improved in 1/4

Shoulder pain improved in 6/9

Wrist pain improved in 5/6

Passive ROM improved

Benefit lasted 1 to 11 months

No adverse effects

300 U Botox resulted in statistically significant decrease
in wrist flexor tone (P = 0.026) and clinically significant
decrease in elbow flexor tone (P = 0.199) 6 weeks after
tnjection

No adverse effects

Median Ashworth score and joint mobility scores
improved from 2 at baseline to 1 after I month of
treatment

Median FAT score improved from O at baseline to 1 after
1 month of treatment

Function improvement rated as none or mild for 2/3 of
patients

All 3 doses of Dysport produced statistically significant
reduction in MAS in any joint at week 4

Reduction in elbow and wrist spasticity for all doses
throughout the 16-week study period

Reduction in finger spasticity for 1000 U dose throughout
the 16-week period

Adverse effects reported in 40.2%, but no serious effects
were related to treatment

Reduction in total MAS score at week 4 (P = 0.004)

Mean change from baseline in MAS at 16 weeks was
-19.8 for wrist, —16.6 for finger, and —10.4 for elbow
for the treatment group

No serious adverse effects were related to treatment

Statistically significant improvement (P < 0.05) in muscle
tone, joint ROM, hand muscle strength, and muscular
pain lasted 8 to 12 weeks after treatment

No functional improvement in 14/16 patients

ROM, range of motion; FAT, Frenchay arm test; MAS, modified Ashworth Scale; U, units.

upper limb spasticity after stroke who received botuli-
num toxin injections every 3 to 5 months for 2 years or
longer. The observation period was 3 years. Objective
measures were assessed using the MAS for spasticity,
goniometry to measure range of motion, and the Fren-
chay Arm Test to evaluate function. Botulinum toxin
type A (Botox) was injected using EMG. Total doses
ranged from 50 to 300 U per patient. Botulinum toxin
therapy resulted in improvements in technical outcomes
and in activities of daily living. Motor dexterity im-
proved for only eight of 28 patients. During the study,
doses were not changed for any patient, but the intervals
between injections lengthened. There was no change in
effectiveness except for prolongation of benefit. Aside
from transient pain at the injection site, there were no
systemic or local adverse effects. Investigators con-
cluded that the benefits of botulinum toxin continue even
after long-term therapy.*®
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Another area of interest is whether therapy can posi-
tively affect the burden on caregivers. Spasticity leading
to contractures can make it difficult to properly manage
hygiene. In a unique placebo-controlled study of 40 pa-
tients with functionally useless arms due to spasticity,
those receiving botulinum toxin type A (Dysport) had
decreased disability, which translated into decreased bur-
den for caregivers. Improvements in hand hygiene were
particularly evident. Investigators concluded that the de-
cision to use botulinum therapy should include consid-
eration of caregiver burden.>

Trauma-induced spasticity

Patients who suffer brain or spinal cord injury from
trauma often experience spasticity.* As with other popu-
lations, patients with trauma-induced spasticity achieve
greater benetit if they are treated before contractures de-
velop. The degree and location of damage from injury
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dictates treatment approach, and localized injection with
botulinum toxin provides advantages to patients who do
not need systemic antispasticity treatment. As patients
recover, botulinum toxin therapy can be tailored to very
specific muscle areas.

Studies of the efficacy of botulinum toxin treatment
have demonstrated improvements in spasticity even
among patients with severe injury who have been unre-
sponsive to other treatments.*>*® In one study of six
patients with severe brain injury, two were able to regain
enough fine motor skills after treatment with botulinum
toxin type A (Botox) to be able to write. Another re-
gained enough hand function to assist with walking de-
vices, and two others were able to dress and feed them-
selves after treatment. Long durations of response were
observed.*® These positive results support prior studies
of traumatic brain injury in which the use of botulinum
toxin produced increased range of motion, reduced se-
verity of spasticity, increased extension of affected
muscles, and decreased pain during physical therapy.*®

BOTULINUM TOXIN FAILURE

Treatment failure with botulinum toxin has not been
well studied among patients with spasticity. However,
lack of therapeutic response has been observed in pa-
tients with cervical dystonia.*” There are many potential
reasons for treatment failure, including poor injection
technique, injection at the wrong site, insufficient dose,
unsuitable patient candidate for toxin therapy, and other
issues related to administration of botulinum toxin. In
addition, some patients simply do not respond to therapy
either initially or during subsequent dosing after a suc-
cessful initial response. Patients who fail to respond ini-
tially are classified as primary nonresponders and ac-
count for <1% of patients receiving therapy with
botulinum toxin. The reason for this failure to respond is
unknown. Patients who initially responded to treatment
and then lose their response with subsequent injections
are classified as secondary nonresponders. This decreas-
ing response over time is believed to be due to the de-
velopment of neutralizing antibodies and may occur in
up to 10% of patients.*” To minimize the risk for devel-
opment of antibodies, it is recommended that patients
initiated on botulinum toxin therapy be injected as infre-
quently as possible (no more than once every 3 months)
and that the lowest effective dose be used. The serotypes
of botulinum toxin (types A and B) are antigenically
distinct, such that patients who develop resistance to
type A can be effectively treated with type B, and vice
versa.*® If the patient develops resistance to one sero-
type, then use of an alternative serotype is recommended.
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CONCLUSION

Botulinum toxin has been proved effective for the
treatment of disorders associated with muscle hyperac-
tivity. Although several effective treatment approaches
are available for patients with spasticity, botulinum toxin
provides a very effective means of targeting focal areas
of spasticity. Patients with spasticity usually require sev-
eral interventions in combination, such as physical
therapy, oral antispasticity agents, and chemodenerva-
tion. For patients who may not be able to tolerate the
adverse effects associated with oral medications, the use
of botulinum toxin to address focal spasticity may allow
decreased dosages of oral regimens. For patients who are
especially susceptible to adverse effects, for example,
children with cerebral palsy, botulinum toxin injections
may afford fewer adverse effects and greater reversibility
than phenol chemodenervation. Ease of administration
via intramuscular injection with no need for anesthesia
makes the use of botulinum toxin particularly attractive
for pediatric patients.

Although existing studies show favorable effects of
botulinum toxin in the treatment of spasticity, more data
are needed, particularly to assess long-term results.
Evaluating larger, more homogeneous populations using
more rigorously designed studies is recommended to
confirm and expand on the results that have been pro-
duced in smaller trials. In particular, more study is
needed to better characterize the effects of botulinum
toxin type B, the most recent addition to commercially
available products. Until these data are reported, how-
ever, currently available information suggests that botu-
linum toxins will play an increasingly important role in
the management of spasticity.
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