MALDEK
CONDITION CATALOG - CLINICAL REASONING

MS - Multiple Sclerosis

The immune system attacks the protective coating around nerve fibers in the brain
and spinal cord, scrambling signals and causing unpredictable symptoms that
come and go.

THE STORY IN ONE SENTENCE

The immune system attacks the protective coating around nerve fibers in the brain and
spinal cord, scrambling signals and causing unpredictable symptoms that come and go.

“MS is when your immune system mistakenly attacks myelin—the fatty insulation wrapping
nerve fibers in your brain and spine—so electrical signals slow down or stop, causing vision
trouble, weakness, numbness, and fatigue that flare and fade.”

Normal anatomy — the body's job

In a healthy nervous system, myelin—a fatty white sheath made by oligodendrocytes in the
brain and spinal cord—wraps tightly around axons (the long cables of nerve cells) so electrical
impulses jump quickly from node to node, letting you see, move, feel, think, and control your
bladder in milliseconds.

BODY'S JOB

Myelin acts like insulation on a wire: it speeds up nerve signals by letting electricity jump
between bare gaps (nodes of Ranvier) instead of crawling slowly along the whole fiber.
Without myelin, signals slow from 100 meters per second to less than 1 meter per second
—Ilike switching from a bullet train to a walk—and the brain and body can't coordinate fast,
precise tasks.

1. The brain sends a command (e.g. 'lift your arm') as an electrical pulse down a neuron in the
motor cortex.

. The pulse races down the myelinated axon, leaping from node to node at high speed.
. It crosses the spinal cord and shoots down to motor neurons that control arm muscles.

. The muscle contracts within a fraction of a second, lifting your arm smoothly.

U1 &= W N

. Sensory signals travel back up myelinated pathways just as fast, telling your brain where
your arm is in space.
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6. Myelin in the optic nerve carries light signals from the retina to the visual cortex so you see
clearly.

7. Myelin in bladder-control pathways lets the brain coordinate when to hold or release urine.

8. When all myelin is intact, signals flow so fast you never notice the wiring—you just move,
see, and think effortlessly.

What breaks

Autoreactive T cells (immune cells that mistakenly target your own tissue) slip past the blood-
brain barrier, recognize myelin as foreign, and attack it. Oligodendrocytes (the cells that make
and maintain myelin) die, and the bare axons beneath conduct signals poorly or not at all. Over
time, repeated attacks leave scars (plaques of hardened tissue) and the axons themselves start
to die, causing permanent disability.

CLINICAL TERM

MS is a chronic autoimmune demyelinating disease of the central nervous system. CD4+
and CD8+ T cells cross a leaky blood-brain barrier, release inflammatory cytokines (such
as interferon-gamma and TNF-alpha), and recruit macrophages that strip myelin off axons.
B cells produce antibodies that may also target myelin proteins. Loss of oligodendrocytes
halts remyelination, and chronic inflammation triggers astrocyte scarring (gliosis) and
axonal transection, leading to irreversible neurodegeneration.

How the body compensates

Early in MS, the brain reroutes signals through undamaged pathways, partly remyelinates
lesions, and reduces inflammation between attacks, so symptoms can disappear for months or
years. This recovery hides the true burden of damage accumulating silently. Over time, the
brain runs out of backup routes and repair capacity, and disability becomes permanent.

1. During a relapse, inflammation peaks and new myelin patches are stripped, causing sudden
weakness, numbness, or vision loss.

2. When the attack subsides, anti-inflammatory signals (like regulatory T cells and IL-10) quiet
the immune system and swelling drops.

3. Surviving oligodendrocytes lay down thin, patchy remyelination that partly restores
conduction, so symptoms improve or vanish—this is clinical recovery, not cure.

4. The brain recruits alternate neural pathways (cortical reorganization) to bypass scarred
areas, masking mild deficits during everyday tasks.

5. Each relapse leaves residual axonal loss and scar tissue, shrinking the reserve capacity;
over years, the brain can't compensate anymore.
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6. Progressive disability emerges when backup routes are exhausted and new damage

7.

outpaces repair—this is the transition from relapsing-remitting MS to secondary
progressive MS.

Close monitoring (MRI every 6-12 months, neurologic exams, disability scores) reveals
silent new lesions and slow worsening even when the patient feels stable.

8. Starting or escalating DMTs early preserves more neurons and delays the tipping point into

irreversible decline.

Domino effect

1.

Autoreactive T cells cross the blood-brain barrier and recognize myelin as a target. —
Normally these cells are deleted or suppressed in the thymus and lymph nodes; in MS,
genetic susceptibility (especially HLA-DRB1*15:01) and environmental triggers (low
vitamin D, Epstein-Barr virus, smoking) allow them to survive and activate, setting the
autoimmune cascade in motion.

. Inflammation strips myelin off axons in scattered patches (lesions) throughout the brain,

spinal cord, and optic nerves. — T cells release interferon-gamma and tumor tissue death
(necrosis) factor-alpha, recruiting macrophages that digest myelin; this demyelination slows
nerve conduction from ~100 m/s to <1 m/s, so signals delay or fail entirely in that region.

. Symptoms appear suddenly wherever lesions form: blurred vision (optic neuritis) if the

optic nerve is hit, leg weakness if motor tracts in the spinal cord are damaged, numbness if
sensory pathways are affected, bladder urgency if sacral autonomic fibers are inflamed. —
Each symptom maps directly to the anatomical location of the new lesion—MS is called a
'disease of time and space' because attacks are separated in both when and where they
oCCur.

. After days to weeks, inflammation subsides and symptoms partly resolve (a relapse followed

by remission). — Regulatory immune cells calm the attack, swelling (edema) (swelling)
drains, and surviving oligodendrocytes start thin remyelination; conduction improves
enough for function to return, but scar tissue and some axon loss remain.

. Heat, fever, or hot showers temporarily worsen symptoms (Uhthoff phenomenon). —

Warmth slows conduction even more in partially demyelinated axons, unmasking old
deficits that had been compensated; cooling reverses this, proving the axons are still alive
but fragile.

. Relapses recur unpredictably over months to years, hitting new or old sites; between

attacks the patient may feel normal (relapsing-remitting MS). — Each new T-cell wave
attacks a random patch of CNS myelin, so symptoms vary wildly—one attack might cause
double vision, the next might cause leg spasticity—but MRI shows the growing total burden
of white-matter lesions.
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7.

Over time, incomplete remyelination and silent axonal loss accumulate; disability stops
improving fully after relapses. — The CNS repair capacity is limited—oligodendrocytes thin
out, astrocyte scars block regrowth, and bare axons die from energy failure—so each attack
leaves a permanent deficit that adds up.

. Eventually, slow worsening without clear relapses takes over (secondary progressive MS),

leading to wheelchair dependence, severe fatigue, cognitive decline, and loss of
independence. — Chronic low-grade inflammation (trapped behind the blood-brain barrier)
and mitochondrial dysfunction in demyelinated axons cause steady neurodegeneration; the
brain runs out of workarounds and disability becomes irreversible, which is why early
aggressive DMT treatment—before this tipping point—is the window to preserve long-term
function.

Symptoms - what the patient feels, and why

Vision loss or blurry vision in one eye: The immune system attacks the optic nerve (the
cable that carries signals from the eye to the brain), causing inflammation (swelling) that
blocks the signals. This is called optic neuritis and is often the first sign of MS.

Double vision or eyes that jump around: Damage to the nerves that control eye movement
(the ones that steer the eyeballs together) makes the eyes drift out of sync. You see two
images because your eyes no longer point at the same spot.

Numbness or tingling in the arms, legs, or face: Myelin (the protective coating on nerve
wires) in the spinal cord or brainstem gets attacked and stripped away. Without that
insulation, touch and position signals get scrambled or lost on their way to the brain.

Weakness in one or more limbs: Damage to motor pathways (the nerve highways that carry
'move' commands from the brain down the spinal cord to muscles) slows or blocks those
signals, so muscles do not get the full command to contract.

Trouble walking or keeping balance: Lesions (damaged spots) in the cerebellum (the brain's
balance control center at the back) or in the spinal cord disrupt coordination signals. Your
brain cannot adjust posture or leg movements smoothly, like a GPS with missing map tiles.

Feeling exhausted even after rest: Chronic inflammation and damaged nerve wiring force
the brain to work much harder to send every signal. That constant extra effort drains
energy, like a phone battery dying fast because too many apps are running in the
background.

Electric-shock feeling down the spine when bending the neck forward (Lhermitte sign):
Demyelination (loss of myelin insulation) in the cervical spinal cord (the neck portion)
makes those nerves hypersensitive. Flexing the neck stretches the damaged nerves and
they fire off abnormal signals that feel like a jolt of electricity shooting down the back or
into the arms.
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* Bladder problems — urgency, leaking, or trouble emptying: Lesions in the spinal cord
interrupt the signals between the bladder and the brain. The bladder may squeeze at the
wrong time (urgency or leaking) or not squeeze hard enough (incomplete emptying),
because the communication loop is broken.

* Heat makes symptoms worse (Uhthoff phenomenon): Damaged nerves conduct signals
more slowly when body temperature rises. A hot shower, exercise, or fever can slow
conduction just enough that old symptoms flare up temporarily, like a frayed wire that stops
working when it gets warm.

Focused exam

* Visual blurriness or pain with eye movement (optic neuritis): In MS, T cells (immune
soldiers that usually fight germs) mistakenly attack myelin (the waxy insulation around
nerve wires) in the optic nerve, which carries pictures from your eye to your brain. This is
often the very first sign someone notices. It tells you the immune system is striking the
brain and spinal cord.

* Weakness in one arm or leg that came on over hours to days: MS damages the myelin
coating on motor neurons (the nerves that tell muscles to move). The weakness shows
where the T cell attack is happening right now. Because myelin helps signals zip along,
stripped nerves fire slowly or not at all, so the muscle cannot squeeze on command.

* Loss of feeling—numbness or tingling—in a patch of skin or an entire limb: Damaged myelin
on sensory nerves (the wires that carry touch, heat, and position signals from skin to brain)
cannot send normal messages. The brain either gets no report or gets static, so you feel
numb or tingly even though the skin itself is fine.

* Trouble walking or balance problems (ataxia): When myelin around nerves in the
cerebellum (the balance center at the back of the brain) or in the spinal cord gets stripped,
the brain cannot coordinate smooth movement. You sway or stumble because the wires that
fine-tune each step are sending garbled signals.

* Bladder or bowel control problems—urgency, leaking, or not being able to fully empty:
Nerves in the spinal cord that control the bladder and bowel sphincters (the muscle rings
that open and close) run through myelin. When T cells attack that myelin, signals get
scrambled, and you lose the normal hold-and-release control.

* Symptoms get worse after a hot shower, exercise, or summer heat (Uhthoff phenomenon):
Heat makes damaged nerves conduct signals even worse—like an old wire that shorts out
when it warms up. This tells you myelin insulation is already broken, because healthy
nerves handle heat just fine.
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Diagnostics - every test answers a question

* MRI of the brain and cervical (neck) spine with and without gadolinium contrast — Are
there white-matter lesions (bright spots on T2 or FLAIR images) scattered in space and
time, and do any light up with gadolinium dye (showing active inflammation right now)?

* Lumbar puncture (spinal tap) with cerebrospinal fluid (CSF) analysis for oligoclonal bands
and IgG index — Is the immune system making antibodies inside the brain and spinal cord
(intrathecal synthesis), independent of the blood?

* Visual evoked potentials (VEP) — Is the optic nerve conducting signals more slowly than
normal, even if vision seems okay now?

* Serum aquaporin-4 (AQP4) antibody and MOG (myelin oligodendrocyte glycoprotein)
antibody — Is this really MS, or is it a different autoimmune attack on the optic nerve and
spinal cord (neuromyelitis optica spectrum disorder or MOG-associated disease)?

* Complete blood count (CBC) and comprehensive metabolic panel (CMP) — Are there other
explanations for fatigue or numbness—anemia, kidney trouble, liver disease, or electrolyte
imbalance?

* Vitamin B12 level and thyroid-stimulating hormone (TSH) — Could low B12 or thyroid
disease be causing similar nerve or fatigue symptoms?

Treatment logic

* IV methylprednisolone 1 gram daily for 3-5 days during an acute relapse (flare) — Floods
the body with a strong steroid that calms down activated T cells and shuts off the
inflammatory attack on myelin. Blood vessels in the brain leak less, swelling drops, and
nerve signals can get through again. Symptoms often improve within days.

* Long-term disease-modifying therapy (DMT): high-efficacy options include ocrelizumab
(anti-CD20), natalizumab (anti-a4 integrin), ofatumumab (anti-CD20), or alemtuzumab
(anti-CD52) — Reduces the number of B cells and T cells, or blocks them from crossing the
blood-brain barrier into the brain and spinal cord. Fewer immune cells inside mean fewer
attacks, slower accumulation of disability, and less new myelin damage over years.

* Moderate-efficacy DMTs: dimethyl fumarate, teriflunomide, or glatiramer acetate for milder
or relapsing-remitting MS — Tunes down T cell activation (dimethyl fumarate works on the
Nrf2 antioxidant pathway, teriflunomide blocks immune-cell division, glatiramer acts as a
myelin decoy). Relapse rate drops by roughly 30-50 percent, and new MRI lesions slow.

* Dalfampridine (4-aminopyridine) 10 mg twice daily for walking difficulty — Blocks
potassium channels on partially demyelinated axons (the bare wire inside the nerve) so the
nerve fires more reliably. Many patients walk farther and faster on a timed test without the
disease itself getting better.
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* Bladder management: anticholinergics (oxybutynin, tolterodine) for urgency, intermittent

self-catheterization for incomplete emptying, or botulinum toxin A into the bladder wall for
severe spasticity — Relaxes the bladder muscle (anticholinergics block acetylcholine, the
squeeze signal) or empties the bladder mechanically (catheter) so you do not leak or retain
urine. Botox paralyzes overactive bladder muscle.

Vitamin D supplementation (typically 1,000-4,000 IU daily to keep serum 25-OH vitamin D
= 30 ng/mL) — Vitamin D binds receptors on T cells and dendritic cells (the cells that train
T cells), shifting the immune system toward a calmer, less auto-aggressive state. Some
studies show fewer relapses and slower disability progression.

Physical therapy and occupational therapy for weakness, spasticity, and daily-living skills —
Strengthens muscles that still work, stretches tight muscles (spasticity from upper motor
neuron damage), teaches energy-conservation strategies, and provides assistive devices
(cane, ankle brace) so you can do more with the nerves you have left.

Medications

Methylprednisolone (IV) - Corticosteroid

During an MS flare-up (also called a relapse), the immune system is actively attacking the
myelin coating on nerves in the brain and spinal cord, causing inflammation and swelling that
blocks signals. Methylprednisolone is a powerful steroid that calms down this immune attack
very quickly. It tells the immune cells to stop releasing inflammatory chemicals and helps the
swelling go down so nerve signals can travel again. This drug is used only for short bursts
during a flare to speed up recovery; it does NOT stop the disease long-term or prevent future
attacks.

1

. The drug enters the bloodstream through an IV and spreads throughout the body, including

the brain and spinal cord.

. It binds to receptors inside immune cells (especially T cells) that are attacking the myelin

sheath.

. It turns down the production of inflammatory chemicals (cytokines like TNF-alpha and

interleukins) that cause swelling and damage.

. It also reduces the number of immune cells crossing into the brain and spinal cord through

the blood-brain barrier.

. Swelling around the damaged nerves goes down, and nerve signals can travel more

normally again, so symptoms improve faster.
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SAFETY WATCH

High blood sugar (glucose) — can worsen diabetes or unmask hidden diabetes - Mood
swings, trouble sleeping, or feeling very 'up' or anxious while on the medicine - Stomach
upset or a metallic taste in the mouth during the infusion - Increased risk of infection while
the immune system is dampened - Temporary fluid retention and puffiness - Rarely, a fast
or irregular heartbeat during or right after infusion

Ocrelizumab - Anti-CD20 monoclonal antibody (B-cell-depleting therapy)

M
is

S happens when the immune system mistakenly attacks myelin. One key player in this attack
a type of immune cell called a B cell. B cells help other immune cells (T cells) find and

destroy myelin, and they also make antibodies that can damage nerves. Ocrelizumab is an
antibody drug that locks onto a marker called CD20 on the surface of B cells and wipes them
out. With fewer B cells around, the immune attack on myelin slows way down, so there are
fewer relapses, less new damage on MRI, and slower worsening of disability. This drug is
approved for both relapsing MS and primary progressive MS.

1

2.
3.

. The drug is given as an IV infusion every six months.
It travels through the blood and binds tightly to the CD20 protein on the surface of B cells.

Once bound, the drug marks the B cell for destruction by the body's cleanup crew
(complement proteins and natural killer cells).

. B cells are depleted (their numbers drop very low), so they can no longer help T cells attack
myelin or make harmful antibodies.

. With the immune attack dialed down, inflammation in the brain and spinal cord decreases,
fewer new lesions form, and disability progression slows.

SAFETY WATCH

Infusion reactions (fever, chills, rash, itching, headache, or trouble breathing) during or
right after the infusion — premedication with steroids and antihistamines helps prevent
this - Increased risk of infections, especially respiratory infections (colds, bronchitis,
pneumonia) and urinary tract infections, because B cells are part of the immune defense -
Rare but serious: Progressive Multifocal Leukoencephalopathy (PML), a dangerous brain
infection caused by JC virus — though much rarer with ocrelizumab than with natalizumab
- Low levels of immunoglobulins (antibodies) over time, which can make infections harder
to fight - Slightly higher risk of certain cancers, especially breast cancer — regular cancer
screening is important - Live vaccines should NOT be given while on this drug
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Natalizumab - Anti-alpha-4-integrin monoclonal antibody (adhesion molecule
inhibitor)

In MS, immune cells (especially T cells) travel from the blood into the brain and spinal cord,
cross through the walls of blood vessels, and attack myelin. To cross into the brain, these
immune cells use a sticky protein on their surface called alpha-4-integrin, which acts like a key
to unlock the blood-brain barrier. Natalizumab is an antibody that blocks alpha-4-integrin, so
immune cells lose their key and cannot get into the brain and spinal cord to cause damage.
This dramatically reduces relapses and new brain lesions. It is one of the most effective MS
drugs but carries a serious infection risk.

1. The drug is given as an IV infusion once every four weeks.
2. It binds to the alpha-4-integrin protein on the surface of T cells and other white blood cells.

3. By blocking integrin, the drug prevents these cells from sticking to the inside walls of blood
vessels in the brain and spinal cord.

4. The immune cells cannot cross the blood-brain barrier, so they stay in the bloodstream and
never reach the myelin to attack it.

5. With fewer immune cells entering the central nervous system, inflammation drops sharply,
relapses become rare, and new MRI lesions are much less common.

SAFETY WATCH

Progressive Multifocal Leukoencephalopathy (PML) — a rare but very serious brain
infection caused by JC virus that can be fatal or cause severe disability. Risk is higher in
people who test positive for JC virus antibodies, have been on the drug for more than two
years, or took immunosuppressants before. Regular MRI monitoring is required. - Infusion
reactions (headache, dizziness, nausea, flushing, itching) during or shortly after the
infusion - Increased risk of other infections (herpes, urinary tract infections, respiratory
infections) - Liver enzyme elevation — liver tests are monitored regularly - Rare: allergic
reactions or anaphylaxis - After stopping natalizumab, MS disease activity can rebound
sharply, so switching to another effective therapy right away is important

Ofatumumab - Anti-CD20 monoclonal antibody (B-cell-depleting therapy,
subcutaneous)

Like ocrelizumab, ofatumumab targets and destroys B cells, which play a major role in the
immune attack on myelin in MS. B cells help organize the attack and make antibodies that can

damage nerves. Ofatumumab locks onto the CD20 marker on B cells and wipes them out,
sharply reducing inflammation in the brain and spinal cord. The key difference from
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ocrelizumab is that ofatumumab is given as a self-injection under the skin at home once a
month, making it more convenient. It is approved for relapsing forms of MS.

1. The drug is injected under the skin (subcutaneously) once a month after initial loading
doses.

2. It travels through the bloodstream and binds tightly to the CD20 protein on the surface of B
cells.

3. Once attached, it marks B cells for destruction by the immune system's cleanup
mechanisms (complement and natural killer cells).

4. B cells are depleted, so they cannot help T cells attack myelin or produce harmful
antibodies.

5. Inflammation in the brain and spinal cord drops, relapses become less frequent, and new
MRI lesions are reduced.

SAFETY WATCH
Injection site reactions (redness, swelling, itching, pain at the injection spot) — very
common but usually mild - Increased risk of infections, especially upper respiratory
infections (colds, sinus infections) and urinary tract infections - Rare but serious:
Progressive Multifocal Leukoencephalopathy (PML), a dangerous brain infection from JC
virus — risk appears lower than with natalizumab but still present - Low immunoglobulin
levels over time, weakening the body's ability to fight infections - Headache during the first
few injections - Rarely, severe allergic reactions - Live vaccines should NOT be given while
on this drug

Siponimod - Sphingosine-1-phosphate (S1P) receptor modulator

Immune cells (especially T cells and B cells) normally move back and forth between lymph
nodes (where they are trained and activated) and the bloodstream (where they can travel to
the brain to attack myelin). A chemical signal called sphingosine-1-phosphate (S1P) acts like a
‘come out' signal that tells immune cells to leave the lymph nodes and enter the blood.
Siponimod blocks the S1P receptor on immune cells, so they never get the 'come out' signal.
The cells stay trapped in the lymph nodes and cannot travel to the brain and spinal cord to
attack myelin. This reduces relapses and slows disability progression. Siponimod is approved
for relapsing MS and also for secondary progressive MS with active relapses.

1. The drug is taken as a daily pill by mouth.

2. It travels through the bloodstream and binds to S1P receptors on the surface of
lymphocytes sitting in lymph nodes.

3. By blocking the receptor, immune cells lose the signal to exit the lymph node.
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4. Fewer lymphocytes circulate in the blood, so fewer reach the brain and spinal cord to
attack myelin.

5. Inflammation in the central nervous system decreases, relapses drop, and disability
progression slows.

SAFETY WATCH

Slow heart rate (bradycardia) when starting the drug — the first dose must be given with
heart monitoring (EKG) for at least six hours, especially in people with heart rhythm
problems or on certain heart medications - Increased risk of infections, especially
respiratory infections, herpes zoster (shingles), and urinary tract infections, because
immune cells are stuck in lymph nodes - Macular swelling (edema) (swelling in the back of
the eye that can blur vision) — eye exams are needed at baseline and if vision changes -
Liver enzyme elevation — liver tests are checked regularly - Rare: Progressive Multifocal
Leukoencephalopathy (PML) - Increased blood pressure — monitor blood pressure
regularly - A genetic test (CYP2C9) is done before starting to adjust the dose safely in
people who metabolize the drug slowly - Live vaccines should be given at least one month
before starting, as the drug reduces vaccine response

Fingolimod - Sphingosine-1-phosphate (S1P) receptor modulator

Fingolimod works the same way as siponimod: it blocks the S1P receptor on immune cells,
trapping them in lymph nodes so they cannot travel through the blood to the brain and spinal
cord to attack myelin. With fewer immune cells reaching the central nervous system,
inflammation drops and relapses are reduced. Fingolimod was the first oral disease-modifying
therapy approved for MS and is used for relapsing forms of the disease.

1. The drug is taken as a daily pill.

2. It is converted in the body to its active form, which binds to S1P receptors on lymphocytes
in lymph nodes.

3. Immune cells are held in the lymph nodes and cannot leave to circulate in the blood.

4. Fewer lymphocytes reach the brain and spinal cord, so the immune attack on myelin
weakens.

5. Relapses drop and new MRI lesions are less common.
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SAFETY WATCH

Slow heart rate (bradycardia) and heart rhythm problems when starting — the first dose
must be given with six-hour heart monitoring, especially in people with existing heart
disease - Macular swelling (edema) (swelling in the retina causing blurry vision) — eye
exams are required at baseline and three to four months after starting - Increased risk of
infections, especially herpes zoster (shingles), respiratory infections, and cryptococcal
infections (a serious fungal infection of the brain) — check for latent infections before
starting - Rare but serious: Progressive Multifocal Leukoencephalopathy (PML) - Liver
enzyme elevation — liver tests are monitored - Increased blood pressure — check regularly
- Harm to a developing baby — women of childbearing age must use reliable contraception
and stop the drug at least two months before trying to conceive - Rarely, a type of skin
cancer (basal cell carcinoma) or other cancers — skin checks are recommended - Live
vaccines should be given before starting; vaccine response is blunted while on the drug

Dimethyl fumarate - Nrf2 pathway activator (immunomodulator with
antioxidant effects)

In MS, immune cells attack myelin, and the inflammation creates harmful molecules called
reactive oxygen species (like rust inside cells) that damage nerves even more. Dimethyl
fumarate activates a protein inside cells called Nrf2, which turns on the cell's antioxidant
defense system to neutralize these harmful molecules. It also shifts the immune system away
from the inflammatory type of immune cells (Th1l and Th17 cells that attack myelin) toward a
calmer, regulatory type. This reduces both the immune attack and the toxic byproducts of
inflammation, leading to fewer relapses and less new damage on MRI. It is a moderate-efficacy
oral drug used for relapsing MS.

1. The drug is taken as a pill twice a day.
2. In the gut and bloodstream, it is converted to its active form, monomethyl fumarate.

3. It enters immune cells and activates the Nrf2 protein, which moves into the cell's control
center (nucleus).

4. Nrf2 turns on genes that make antioxidant enzymes, which neutralize harmful reactive
oxygen species.

5. At the same time, the drug shifts immune cells from inflammatory types to regulatory types
that calm down the immune attack.

6. Inflammation in the brain and spinal cord decreases, and nerve cells are better protected
from damage, so relapses and new lesions drop.
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SAFETY WATCH

Flushing (sudden warmth, redness of the face and body) and stomach upset (nausea,
cramping, diarrhea) — very common, especially in the first month; taking it with food and
aspirin can help - Low white blood cell count (lymphopenia) — blood counts are checked
regularly; if counts drop too low, the drug may need to be stopped - Rare but serious:
Progressive Multifocal Leukoencephalopathy (PML), especially if lymphocyte counts stay
very low for a long time - Liver enzyme elevation — liver tests are monitored - Rare: kidney
damage — urine and kidney function are checked - Rare: severe allergic reactions or
anaphylaxis

Glatiramer acetate - Immunomodulator (myelin mimic)

Glatiramer acetate is a mixture of four amino acids arranged in a way that resembles myelin,
the coating on nerves that the immune system attacks in MS. When injected under the skin, it
acts as a decoy: immune cells (especially T cells) that were trained to attack myelin see
glatiramer instead and latch onto it. This shifts the immune response away from a destructive
inflammatory type (Th1 cells) toward a calmer, regulatory type (Th2 cells and regulatory T
cells) that produce anti-inflammatory signals. It also may help protect nerves by encouraging
the release of growth factors. Glatiramer reduces relapses and new MRI lesions modestly and
is considered a moderate-efficacy, well-tolerated option, especially for people who prefer
injections over pills or infusions.

1. The drug is injected under the skin daily or three times a week, depending on the
formulation.

2. Immune cells at the injection site pick up the glatiramer peptides and carry them to nearby
lymph nodes.

3. In the lymph nodes, T cells that would normally attack myelin encounter glatiramer instead
and are 're-educated' to produce calming, anti-inflammatory signals.

4. These re-educated T cells travel to the brain and spinal cord and release protective
cytokines (like IL-10 and TGF-beta) that dampen the immune attack.

5. Inflammation decreases, and relapses become less frequent.
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SAFETY WATCH

Injection site reactions (redness, swelling, pain, itching at the injection spot) — very
common but usually mild - Immediate post-injection reaction (flushing, chest tightness,
fast heartbeat, anxiety, shortness of breath) that happens occasionally right after injection
and lasts a few minutes; it is alarming but not dangerous and goes away on its own -
Lipoatrophy (a dent or loss of fat under the skin at injection sites if the same spot is used
repeatedly) — rotating injection sites helps prevent this - Very low risk of serious side
effects or infections compared to other MS drugs

Interferon beta-1a / Interferon beta-1b - Cytokine (immunomodulator)

Interferons are naturally occurring proteins that the body makes to fight viruses and regulate
the immune system. In MS, the immune system is overactive and inflamed, attacking myelin.
Interferon beta medications are lab-made versions of the body's own interferon that are
injected to dial down the inflammatory immune response. They reduce the activity of
inflammatory T cells and B cells, decrease the production of pro-inflammatory chemicals
(cytokines), and help keep the blood-brain barrier more stable so fewer immune cells cross into
the brain and spinal cord. This leads to fewer relapses and less new damage on MRI.
Interferons were among the first disease-modifying therapies for MS and are still used,
especially in people who prefer injectables or have milder disease, but they are now considered
moderate-efficacy drugs.

1. The drug is injected under the skin or into a muscle, depending on the formulation (some
are given three times a week, some once a week, some every other day).

2. It binds to interferon receptors on the surface of immune cells.

3. This binding turns on genes inside the cells that produce anti-inflammatory proteins and
turns down genes that make pro-inflammatory proteins.

4. The balance of the immune system shifts: inflammatory T cells (Th1 and Th17) quiet down,
and regulatory T cells become more active.

5. Fewer immune cells cross into the brain and spinal cord, inflammation drops, and relapses
and new lesions are reduced.
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SAFETY WATCH

Flu-like symptoms (fever, chills, muscle aches, fatigue) after injections — very common,
especially in the first weeks; taking acetaminophen or ibuprofen before the injection and
injecting at bedtime can help - Injection site reactions (redness, swelling, pain) — common;
rotating sites helps - Liver enzyme elevation — liver tests are checked regularly - Low
white blood cell count (leukopenia) and low platelet count — blood counts are monitored -
Depression or worsening mood — anyone with a history of depression should be watched
closely - Rarely, thyroid problems or autoimmune conditions - Rarely, severe allergic
reactions

Dalfampridine - Potassium channel blocker

In MS, the myelin coating on nerves is damaged, and signals traveling down the nerve slow
down or get blocked, especially in the spinal cord pathways that control leg movement.
Dalfampridine blocks certain potassium channels on the surface of damaged nerve fibers.
Normally, when a nerve signal travels, potassium leaks out through these channels and the
signal weakens. By blocking the leak, dalfampridine helps the nerve signal travel farther and
more reliably, which can improve walking speed and leg strength in some people with MS. It
does NOT change the disease itself, repair myelin, or prevent relapses — it only improves
nerve conduction in already-damaged nerves to help with walking.

1. The drug is taken as a pill twice a day (extended-release formulation).
2. It travels through the bloodstream and crosses into the central nervous system.

3. It binds to voltage-gated potassium channels on the surface of nerve fibers that have lost
their myelin insulation.

4. By blocking these channels, it prevents potassium from leaking out of the nerve fiber during
a signal.

5. The electrical signal traveling down the nerve is stronger and lasts longer, so it is more
likely to successfully trigger muscle movement.

6. Walking speed and endurance may improve in people who respond to the drug (about one-
third to one-half of users notice a benefit).
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SAFETY WATCH

Seizures — the biggest safety concern; risk is higher if the dose is too high or kidney
function is impaired (the drug is cleared by the kidneys). Kidney function must be checked
before starting and periodically during treatment. Anyone with a history of seizures should
NOT take this drug. - Urinary tract infections — slightly more common in users - Dizziness,
insomnia, headache, nausea, or back pain - Falls — if walking improves, the person may try
to do more and be at higher fall risk initially - The drug must be stopped immediately if a
seizure occurs

Oxybutynin / Tolterodine (anticholinergics) or Mirabegron (beta-3 agonist) -
Anticholinergics (oxybutynin, tolterodine) or Beta-3 adrenergic agonist
(mirabegron)

MS can damage nerves that control the bladder, leading to overactive bladder symptoms:
urgent need to urinate, frequent urination, and sometimes leakage (urgency incontinence). The
bladder muscle (detrusor) contracts too often or at the wrong times. Anticholinergic drugs
(oxybutynin, tolterodine) block the acetylcholine signal that tells the bladder muscle to
squeeze, so the bladder stays relaxed and can hold more urine without sudden urges.
Mirabegron works differently: it stimulates beta-3 receptors in the bladder wall, which relax
the bladder muscle, allowing it to fill more fully. These drugs do NOT treat MS itself — they
only manage the bladder symptom.

1. The drug is taken as a pill (or patch for some anticholinergics) daily.

2. Anticholinergics block muscarinic receptors on the bladder muscle, preventing
acetylcholine from triggering contractions. Mirabegron activates beta-3 receptors, telling
the muscle to relax.

3. The bladder muscle stays calm and does not contract urgently or frequently.

4. The bladder can hold more urine, urgency decreases, and accidents are less likely.

SAFETY WATCH

Anticholinergics: dry mouth, constipation, blurry vision, drowsiness, confusion or memory
problems (especially in older adults), difficulty emptying the bladder completely (urinary
retention), worsening of narrow-angle glaucoma - Mirabegron: increased blood pressure
(monitor regularly), fast heartbeat, urinary tract infections, headache; does NOT cause dry
mouth or confusion like anticholinergics, so may be preferred in older adults

Vitamin D supplementation - Vitamin (immunomodulator)

Vitamin D is not a drug, but a nutrient that the body makes when skin is exposed to sunlight,
and it can also be taken as a supplement. Vitamin D plays a role in regulating the immune
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system, and low levels of vitamin D have been linked to a higher risk of developing MS and
possibly more active disease. While vitamin D does NOT treat or cure MS, many guidelines
recommend that people with MS keep their vitamin D levels in the normal range (usually
aiming for a blood level of 30-40 ng/mL or higher) because it may support overall immune
health and bone health (important since some MS drugs and reduced mobility can weaken
bones). The evidence that vitamin D supplementation slows MS progression is not strong, but
correcting a deficiency is safe, inexpensive, and may have modest immune and bone benefits.

. Vitamin D (usually vitamin D3, cholecalciferol) is taken as a daily pill or liquid.
. In the liver and kidneys, it is converted to its active form, calcitriol.

. Calcitriol binds to vitamin D receptors inside immune cells.

_ W N e

. It shifts the immune system toward a more regulatory, anti-inflammatory state and away
from the inflammatory T cell types (Thl and Th17) that attack myelin.

5. It also helps the intestines absorb calcium from food and supports bone remodeling to keep
bones strong.

SAFETY WATCH

Very high doses (far above recommended levels) can cause vitamin D toxicity, leading to
high calcium in the blood (hypercalcemia), which can cause nausea, vomiting, weakness,
kidney stones, and kidney damage - Typical supplementation doses (1,000-4,000 IU daily,
or as directed by a doctor) are very safe - Blood levels should be checked periodically to
make sure levels are adequate but not too high - People with certain conditions (kidney
stones, kidney disease, sarcoidosis) should talk to their doctor before taking high-dose
vitamin D

Red flags

* Vision loss in one eye — may be optic neuritis (swelling of the optic nerve), not just pink eye
or simple blurriness; needs urgent imaging and neurology evaluation.

* Sudden weakness or numbness on one side of the body, especially with trouble speaking or
drooping face — could be a stroke instead of MS; call 911 immediately.

* Trouble breathing, swallowing, or moving all four limbs — suggests a large lesion in the
brainstem or high cervical cord; this is a medical emergency requiring hospital care right
away.

* New severe headache, fever, neck stiffness, or confusion — may indicate infection (like
meningitis) or another serious brain problem, not just an MS relapse; get emergency
evaluation.
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Nursing priorities

1.

Check airway, breathing, and swallowing ability every shift during acute flare. — Brainstem
lesions can damage cranial nerves (nerves that control face, throat, and breathing muscles)
and cause aspiration pneumonia (lung infection from inhaled food) or respiratory muscle
weakness that needs ventilator support.

. Monitor for high blood sugar and mood changes during IV methylprednisolone (steroid)

treatment. — Corticosteroids (anti-inflammatory medicines) raise blood glucose (sugar) by
blocking insulin and can cause steroid psychosis (confusion, hallucinations, or mania)
because they affect brain chemistry and stress hormones.

. Assess fall risk and place the call bell within reach at all times. — MS causes loss of

coordination (ataxia) (poor coordination), muscle weakness, and vision problems that
increase fall risk, and falls can cause head injury or fractures that complicate recovery and
delay rehabilitation.

. Check bladder fullness by palpating (feeling) the lower abdomen and measure post-void

residual (leftover urine after urination) if patient reports incomplete emptying. —
Neurogenic bladder (bladder controlled by damaged nerves) causes urinary retention
(urine stays in bladder) which leads to urinary tract infections and kidney damage from
backflow pressure, or incontinence that damages skin.

. Keep the room cool and offer cold drinks or cooling vests if available. — Heat worsens

nerve conduction (electrical signal travel) in demyelinated nerves because higher
temperature slows down the sodium channels (gates that let signals move) and increases
fatigue and weakness.

. Monitor infusion site during IV methylprednisolone and flush line well after each dose. —

Methylprednisolone can cause phlebitis (vein inflammation) and thrombophlebitis (clot plus
inflammation) because the high-concentration steroid irritates vein walls, leading to pain,
redness, and potentially dangerous clots.

. Screen for depression and refer to social work or counseling if patient expresses

hopelessness or reports isolation. — MS has high depression rates because of both direct
brain lesions affecting mood centers and the psychological burden of unpredictable
disability, and untreated depression reduces medication adherence and worsens outcomes.

. Teach the patient to use assistive devices like walkers or braces and consult physical

therapy early in admission. — Early mobility training preserves muscle strength and
prevents contractures (permanent muscle shortening) while teaching energy conservation
techniques reduces fatigue and maintains independence longer as the disease progresses.

Sources

* American Academy of Neurology (AAN) MS guideline 2018
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* McDonald criteria 2017 (International Panel on MS Diagnosis)
* National Multiple Sclerosis Society clinical recommendations

* Lancet Neurology MS review 2018

Last reviewed: 2026-07-07
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