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Lectures 2-3: Treatment of Asthma
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Overview & definition

+» A chronic inflammatory disease characterized by variable and reversible airflow
obstruction, and easily triggered bronchospasms by hyperresponsive airways
inhaled stimuli.
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curable treatment

> Incurable, but most people can control their symptoms.

**Majority of kids with asthma eventually grow out of it.
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Asthma is charaterized by episodes of acute bronchoconstriction that cause
shortness of breath, cough, chest tightness, wheezing, and rapid
respiration.

Risk factors & triggers

Asthma Risk Factors
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Risk factors & triggers

» Family history is a risk factor for asthma.
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* If one identical twin is affected, the probability of the other having the
disease 1s approximately 25%.

* >100 genes had been associated with asthma such as|{IL10,|{CTLA4
IL4R and ADAM33.
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n Normal B Asthma

Muscles of bronchi are
tight and thickened.The
bronchi are inflamed and
filled with mucus, which
impedes airflow.

Muscles of bronchi are
relaxed, allowing easy
airflow.
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- Pathophysiology

Contraction of bronchial smooth muscle bronchoconstriction and
bronchial wall inflammation airflow obstruction.

increased secretion of mucus

Normal hung Asthmatic hing

(6\‘COPD is progressive
Asthma is usually not a progressive

disease. However, if untreated, asthma may o
cause airway remodeling, resulting in :
increased severity and incidence of asthma bl PQJ

exacerbations and/or death.

The underlying inflammation of the airways contributes to airway hyper-
responsiveness, airflow limitation, respiratory symptoms, and
diseasechronicity.

Asthma attacks may be triggered by exposure to allergens, exercise, stress,
and respiratory infections.

Unlike COPD, cystic fibrosis, and bronchiectasis, asthma is usually not a
progressive disease.

COPD is progressive, which means it gets worse over time. Asthma is a
reversible condition when the right treatment is received at the right time.
This makes early treatment important, especially when|ACOS |occurs.
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Pathophysiology & pathogenesis

» Asthma pathophysiology components:
1. Airway inflammation

2. Intermittent airflow obstruction

3.

hy;;lerplasia of the cells of all structural elements of the airway
wall.

* Foreign materials (allergens)>> %ggnetically determined)>>
IgE antibodies bind to mast cells in the airway mucosa

Signs & symptoms
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* Wheezing (could be absent during most , » =
severe episode) '? ¥ ¥ W
* Shortness of breath o —

DIFFICULTY

* Chest tightness ASTHMA
* Coughing ¢ ¢ 9@ T
& 5

CHEST PAIN WHEEDING SHORTNESS SLEEPING
OF BREATH PROBLEM

* Symptoms are usually worse at night and in
the early morning or in response to exercise or
cold air.
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Asthma vs COPD

ACOS* Asthma CofD O\Iu\q{: Syr\Arum

* Asthma is not considered as a part o~
of COPD because: t § ws
1. Airway obstruction in asthma is .’ ‘ péc

usually reversible (if left
untreated, it can become
irreversible

2. Asthma affects the bronchi
(emphysema effect the alveoli)

*| Asthma + component of irreversible
airways obstruction = the asthma-
chronic obstructive disease (COPD)
overlap syndrome (ACOS).

* people with ACOS exhibit increased el s B Cakyest cwion
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* Compared to asthma, COPD occurs
in older patients, is associated with Atk SorD
% . . . 1 . Age of onset Usually < 40 years Usually > 40 years
L -»t«-"“--"'-’ r?ther than €OSInop hl 1C Smoking history Not causal Usually > 10 pack-years
1nﬂammat10n, 1S Sputum production Infrequent Often
even to high-dose inhaled S o e
T T R A A . Disease course Stable Progressive worsening
ettt il ) and 1S (with exacerbations) (with exacerbations)
assomated e Spirometry Often normalizes Never normalizes
Clinical symptoms Intermittent and Persistent
variable

function over time, especially with
continued cigarette smoking.

Asthma-COPD overlap syndrome (ACOS) is diagnosed when you have
symptoms of both asthma and COPD. ACOS is not a separate disease, but
rather a way for doctors to recognize the mix of symptoms and select a
treatment plan that is most appropriate for you.
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Asthma management

- ' oa
* Identifying triggers and|eliminating exposure|to them is considered the
most effective treatment

poY 4wy 94 trigger]l Ols ol Mas
'| Aims of asthma therapy: Ldl elimination Jax3

1. Decrease the intensity and frequency of asthma symptoms

. (o 1 sdalais asthmal b e Js
2. Prevent future exacerbations S o 15458 195 Lo clagd Ol
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3. Minimize limitations in activity related to asthma symptoms\U

. Medicati@s for asthma are broadly classified into fast-sho@t-acting
and long-acting categories

Asthma classification

Persistent Asthma

A ~
Intermittent /Mild Moderate Severe
j_ Symptoms <2 days/week zﬁtdni)tsd a;: % Daily Throughout the day

D Night ; >1 time/week N
= Awakenings e 3-4 times/month but not nightly Often 7 times/week

Use of SABAs >2 days/week ) ?
2= (not for EIB) <2 days/week but not daily Daily Several times per day

Interference w/

None Minor limitation Some limitation Extremely limitated
Normal activity y
FEV,>80% predicted FEV,280% predicted FEV =60-80% predicted FEV,<60% predicted
-S— Lung Function FEV,/FVC normal FEV,/FVC normal FEV,/FVC reduced 5%  FEV,/FVC reduced >5%
Recommend
Step for Initiating Step 1 Step 2 Step 3 Steps 4 -6
Treatment

Severity of Symptoms s

EIB: Exercise induced bronchoconstriction
FEV1: forced expiratory volume in one second
FVC: forced vital capacity

SABA: short-acting beta-2 agonists.
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The FEV1/FVC is a ratio that reflects the amount of air

you can forcefully exhale from your lungs. It's measured
by spirometry, a test used to evaluate lung function.

It's made up of two measurements:

FEV1: Forced expiratory volume in one second, or the
volume of breath exhaled with effort in one second
FVC: Forced vital capacity, or the full amount of air that
can be exhaled with effort in a complete breath

FEV1/FVC ratio helps identify the type of condition you have and whether it is
restrictive or obstructive.

Restrictive lung diseases (such as pulmonary fibrosis) affect your ability
to inhale.

Obstructive conditions (such as asthma and COPD) affect your ability
to exhale.

This test is often used to monitor lung disease, especially if you have an
obstructive condition such as asthma.

Normal =80%

Decreased FVC With Normal FEV1/FVC Ratio = Restrictive lung disease
Decreased FEV1/FVC Ratio = Obstructive ling disease



All patients with asthma should have immediate access to an inhaled bronchodilator with a
rapid onset of action for prompt relief of asthma symptoms, SABA: albuterol or levalbuterol)

Asthma management

Step 1: SABA as needed (preferred) OR Low-dose ICS + Long- (fast) acting beta
agonist (budesonide-formoterol or budesonide-albuterol) as needed

» Step 2: Low-dose ICS daily and separate SABA as reliever (preferred) OR Step 1

Low-dose ICS + long-(fast) acting beta agonist as needed OR leukotriene receptor
antagonist (LTRA) daily with SABA as needed

* Step 3: Low-dose ICS-formoterol OR Low-dose ICS-LABA combination inhaler
daily and separate SABA as reliever.

Step 4-6: Medium-to high-dose ICS-LABA combination inhaler daily and
separate SABA as reliever plus LAMA daily
A ga¥l (e | geuyad Lo wan adleull | g2yl € (i) aSua
Bpslall palis Lo aay lgdusia g

~ Agents used for Asthma " e <G>)

MEDICATION
SHORT-ACTING |J; ADRENERGIC AGONISTS (SABAs)

LONG-ACTING |}; ADRENERGIC AGONIST/CORTICOSTEROID COMBINATION
Formoterol/budesonide SYMBICORT
Formoterol/mometasone DULERA
Salmeterol/fiuticasone ADVAIR

Vilanterol/fluticasone sre0 £1LPTA

Asthma, COPD
Asthma, COPD
Asthma, COPD
| COPD

Albuterol PROAIR PROVENTIL. VENTOLIN Asthma, COPD
Levalbuterol XOPENEX Asthma, COPD

LONG-ACTING [J; ADRENERGIC AGONISTS (LABAs) SHORT-ACTING ANTICHOLINERGIC
Arformoterol BROVANA COPD Ipratropium ATROVENT Allergic rhinitis, Asthma, COPD
Formoterol FORADIL. PERFOROMIST Asthma, COPD SHORT-ACTING [12 AGONIST/SHORT-ACTING ANTICHOLINERGIC COMBINATION
Indacaterol ARCAPTA COPD Albuterol/ipratropium COMBVENT HESPIMAT, DUONER |
?’7"”:‘"’; ”"'"'"[ii RESPYAT go‘zo ko LONG-ACTING ANTICHOLINERGIC (LAMA)
T

almeterol SEREVEN sthma, Aclidinium TUDORZA PRESSAIR COPD
INHALED CORTICOSTEROIDS Glycopyrrolate Strnm NEOHALER COoPD
Beclomethasone BECONASE AQ®, QVAR Allergic rhinitis, Asthma, COPD {’,°"°"l. ‘;“"":’m;[:::w - Asthrma, COPO
Budesonide pui MICORT, RHINOCORT* Allergic rhinitis, Asthma, COPD .
Ciclesonide ALVESCO, OMNARIS®, ZETONNA® Allergic rhinitis, Asthma e
Fluticasone FLONASE®, FLOVENT Allergic rhinitis, Asthma, COPD Formoterol/glycopyrrolate i vi s ARSI RE COPD
Mometasone ASMANEX, NASONEX® Allergic rhinitis, Asthma m"mgxm i ‘I'"":' W ":“‘ MHALER ggg

- "’w NORO ELLIF

Triamcinolone NASACORT Allergic rhinitis, Asthma 0 ol OB TS0 ASMRAAT COPD

Roflumilast DALIRESS COPD
Theophylline ELIXOPHYLLIN, THEO-24 Asthma, COPD
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o Agents used for Asthma:
Adrenergic receptors
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An adrenergic agonist is a drug that stimulates a response from the
adrenergic receptors. The five main categories of adrenergic receptors are:
al, a2, B1, B2, and B3

Stimulation of beta-2 receptors in the lungs causes bronchodilation

B2 (ole (gsaa asthma by oLl Lewlwi 9



MEDICATION

SHORT-ACTING [3; ADRENERGIC AGONISTS (SABAs)
Albuterol PROAR, PROVENTIL, VENTOLIN

.
Agents used for Asthma: eEmmmmmm
Adrenergic agonists

ARCAPTA
Olodaterol <TRIVERDN RESPIMAT
Salmeterol SEREVENT

Asthma, COPD

¢ pharmacological asthma related actions:

Adrenergic drugs
. ¥
1. Relax airway smooth muscle L e o I
oq o ~ 2 e.g. () Ephednne (1) Amphetamine
2. Inhibit release of bronchoconstricting @ Mgtaarns 0 Tromne
mediators from mast cells ‘o —
aa s P agonists
3. Inhibit microvascular leakage(no edema) N e T s
. . A v 3
“»*Epinephrine, albuterol, levalbuterol ayagonsts  ayagonsts  fagonsts  f; agonsts
(1) Phenylephnne (i) Clonidine (i) Dobutamine erbutaling
(W) Methoxamine (1) Guanfacine (v) Salbutamol
(m) Guanabenz (Atuterol
. . . " N (tv) Detomidine :) R:::::vm
Why is epinephrine preferred over norepinephrine s =

for asthma?

epinephrine has a greater effect on beta receptors compared with
norepinephrine, norepinephrine binds very poorly to B-2 receptors.

Agents used for Asthma: .
Adrenergic agonists (Epinephrine)
e
 Best delivered by inhalation (greatest effect on airway +
@ least systemic toxicity) PRIMATENE MIST

EPINEPHRINE OTC INHALER

Temporary relief of
mild symptoms of
intermittent asthma

¢ Effective, rapidly acting bronchodilatorjwhen injected SC
(@or inhaled as from a pressurized canister.

bysier ¢ b
* [International asthma guidelines recommend against
pinephrine (adrenaline) administration in acute 4y sovae Wb e s
sthma unless associated with anaphylaxis or angio-oedema b il i

\'quzoj

severe () 93y ol &Ylaa ¥l epinphrined/ audlicus Lo L) oy
selective beta 2 agonists dil<s auddicusg



Agents used for Asthma:
Adrenergic agonists (Epinephrine)

* Maximal bronchodilation is achieved 15 minutes after inhalation and lasts 60-90
minutes.
Ut U e =P am i
* tachycardia, arrhythmias, and worsening of angina pectoris are troublesome
adverse effects.

* its use in asthma has been displaced by other, more 2 -selective agents.

MEDICATION

SHORT-ACTING [}, ADRENERGIC AGONISTS (SABAs)
Albuterol PROAIR, PROVENTIL VENTOLIN

Agents used for Asthma: =

B2-adrenergic agonists
©

* Used f_qg_guick relief of asthma symptoms, and
6

Formoterol  ORADIL PERFOROMIST
Indacaterol ArcarTA
Olodaterol STRVERDI BESPIMAT
Salmeterol serevinT

© as adjunctive therapy for long-term control of
the disease Benefits of Beta2-Agonists
Short ackn for Asthma Treatment '
v L . _ Q S~ -\,OG
* SABAs have a rapid onset of action (5 to 30 ,C'-’f o /é
minutes) and provide relief for 4 to 6 hours. 7S

Improves asthina  Peevents exercise-  Lowers chance of
s

induced asthing  asthima attacks

& [‘b
* Used for symptomatic treatment of - od O‘Q
bronchospasm i el

* anti-inflammatory effects?

* Can be used as monotherapy for patients with
persistent asthma?

*Inhaled Beta 2-adrenergic agonists directly relax airway smooth muscle.
*All patients with asthma should receive a SABA inhaler for use as needed.

*Beta 2 agonists have no anti-inflammatory effects, and they should not be used
as monotherapy for patients with persistent asthma.
However, monotherapy with SABAs may be appropriate for patients with mild,
intermittent asthma or exercise-induced bronchospasm.
*Direct-acting Beta 2-selective agonists include a/buterol and levalbuterol.



MEDICATION

SHORT-ACTING [3; ADRENERGIC AGONISTS (SABAs)

Albuterol PROAIR PROVENTIL VENTOLIN
Levalbuterol xopenex

i
Agents used for Asthma: EEEmmmmmmm
B2-adrenergic agonists |

Indacaterol ACAPTA
Olodaterol STHIVERD! RESPIMAT
Salmeterol serivenT

* SABAs monotherapy may be appropriate Berecapior P
for patients with mild, intermittent Aii=Alii=

asthma or exercise-induced .)
f \

I

bronchospasm.

* Can be diluted 1n saline for
administration from alhand-held

cAMP

N nebulizer|but are no more effectlve.
“« Nebulized therapy should thus be Smoath ;;-m
“feserved for patients unable to coordinate P
inhalation from a metered-dose inhaler

Agents used for Asthma: N
B2-adrenergic agonists

Receptor activation (G protein (Gs) + adenylyl cyclase) >>
increases intracellular cAMP >> activate protein kinase A
(PKA) >> phosphorylate Gg-coupled receptors >> reduce
/ intracellular Ca2+ or decrease the sensitivity of Ca2+ >>
e MOA: COPD lecture inhibition of myosin light chain phosphorylation (MLCK) >>
preventing airway smooth muscle contraction.

* Adverse effects: tachycardia, are ‘
hyperglycemia, hypokalemia, R——
hypomagnesemia, and skeletal muscle = %— ke
tremors o [oeceniee )
ZUPJ ¥ Acetyicholine —(2)—»|a—{(-)— Adencsine

:

Bronchoconstriction



MEDICATION

SHORT-ACTING [}, ADRENERGIC AGONISTS (SABAs)

Albuterol PROAIR, PROVENTIL, VENTOLIN Asthma, COPD ‘\

Levalbuterol xOrinex Asthma, COPD S
LONG-ACTING [5; ADRENERGIC AGONISTS (LABAs)
Arformoterol BROVANA
Formoterol FORADIL, PERFOROMIST
Indacaterol ARCAPTA
Olodaterol STHVERD! RESPIMAT
Salmeterol SEREVENT

Agents used for Asthma:
B2-adrenergic agonists

COPD
Asthma, COPD
COPD
COPD
Asthma, COPD

e LABAs used in Asthma: salmeterol and formoterol @ialto b i R o i o
(both are chemical analogs of albuterol). Research Trial (SMART)

randomized trial comparing

) _ o o salmeterol (MDI) VS placel

* longer duration of action, providing bronchodilation interim analysis in 26,355
for at least 12 hours (because of their high lipid patients found an increase in
SO]llbility). respiratory-related deaths
and asthma-related deaths

An

LY oo
* Use of LABA monotherapy is contraindicated, and
LABAs should be used only in combination with an
asthma controller medication, such as an inhaled
corticosteroid (ICS).

adruJ +hat has
ne ﬂnrafu\ic
etted.

*ICS remain the long-term controllers of choice in asthma, and LABAs are
considered to be useful adjunctive therapy for attaining control in
moderate to severe asthma.

*Although both LABAs are usually used on a scheduled basis to control
asthma, adults and adolescents with moderate persistent asthma can use

the ICS/formoterol combination for relief of acute symptoms.

*Adverse effects of LABAs are similar to quick-acting Beta 2 agonists.
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Agents used for Asthma:
Inhaled corticosteroids (ICS)

Actions on lung: e e s e
* These drugs directly targets
underlying airway inflammation: Inflammatory cells T
Eo osinophil
1. Decreasing the inflammatory Yopemos s -
cascade (eosinophils, macrophages Thmphoor OO Hsien
and T lymphocytes) o @) m}m%..c;.: k
2. Reversing mucosal edema il SHEER— "
. oge " ———— i} eceptors
3. Decreasing the permeability of ), ke ——
capillaries " "'D.:' " el
> ON s
4. Inhibiting the release of e g e
l[eukotrienes

S~ (e Craze o

They decrease everything except beta 2 receptors.
They are used in Asthma more than COPD.

INHALED CORTICOSTEROIDS

Agents used for Asthma:
Inhaled corticosteroids (ICS) "‘f‘fm‘j‘:umz“

ASMANEX, NASONEX

* Do NOT relax airway smooth muscle =
directly but reduce bronchial —+ndi ch Q‘ A=
reactivity and reduce the frequency TOET scoommense
of asthma exacerbations if taken -
regularly (i)

* They inhibit the release of i LU S
arachidonic acid through inhibition of .
phospholipase A2, thereby producing =y
direct antn—mﬂammatory properties o
in the airways LDBZ- aaoNS\'s 6 ..,.:.': .:‘,.

To be effective in controlling inflammation, these agents must be used
regularly.

After several months of regular use, ICS reduce the
hyperresponsiveness of the airway smooth muscle to a variety of



INHALED CORTICOSTEROIDS

Agents used for Asthma:

Beclomethasone B CONASE A, VAR Allergic rhinitis, Asthma, COPD

Inhaled corticosteroids (ICS) Sl s ow: e At
Mometasone ASMANEX, NASONEX Allergic rhinitis, Asthma

Triamcinolone NasaconT Allergic rhinitis, Asthma

* ICS are the drugs of choice for long-term control in
patients with persistent asthma

* Potentiation of the effects of B-receptor agonists

* Treatment of exacerbations or severe persistent
asthma may require the addition of a short course of

oral or intravenous corticosteroids.

dglo Calyi8 9 Al gho Cilewy oS o agoadicul £ 81aa IV CS 9l Oral CS 44l LSy2i (5,955
Gl gayl o8 disregulation Jasi (Sas g 8yaled aginyi side effect 4 g4 el g

Agents used for Asthma
Inhaled corticosteroids (ICS)

Routes of administration

I. Inhalation = ‘oﬂi, “'e(m US(.I & SiJc e“-gd'\s_

This formula has markedly reduced the need for systemic
corticosteroid (less side effects) but appropriate inhalation
technique is critical to the success of therapy

I1. Oral/systemic —)Shoft +erm use, Severe 5

Patients with a severe exacerbation of asthma may require
IV methylprednisolone or oral prednisone to reduce airway
inflammation.

In most cases, su
adrenal cortex
prednisone “bur
an asthma exag(
prior to discorftinua

ression of the hypqthalamic~;l>ituitary—
does not occur dunnﬁ the oral

" (short course) typically prescribed for
ion. Thus, a dose taper is unnecessary

-

-
Beclomethasone SECONASE A" VAR Allergic rhinitis, Asthma, COPD
Budesonide M MICORT, THINOCORT® Allergic rhinitis, Asthma, COPD
Ciclesonide ALVISCO, OMNARIS® ZETONNA® Allergic rhinitis, Asthma
Fluticasone L ONASE" TLOVENT Allergic rhinitis, Asthma, COPD
Mometasone ASMANEX NASONER® rhinitis, Asthma
Triamcinolone vasaconT Allergic rhinitis, Asthma

Inhaled vs. Oral Corticosteroids
Inhaled

* Treatment for persistent asthma
+ Intended for long-term use

+ Fewer and less severe effects such as headache,
sore throat, common cold or flu, and muscle aches

AQIO

Oral
* Treatment for severe asthma and/or attacks
+ Intended for short-term usage

* More severe, diverse side effects such as nausea,
acne, welght gain, and lrregular heartbeat

0LO00
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Agents used for Asthma:
Inhaled corticosteroids (ICS)

u‘/ Q_Jl.)wl

Adverse effects .
* ICS; partlcularly if used with a spacer, have few systemic effects.

. Deposmon on the oral and laryngeal mucosa can cause
oropharyngeal candidiasis (due to local immune suppression) and
hoarseness.

* Patients should be instructed to rinse the mouth in a “swish-and-
spit” method with water following use of the inhaler to decrease the
chance of these adverse events.

e Chronic maintenance with oral corticosteroids should be reserved
for patients who are not controlled on an ICS.

*Oral or parenteral corticosteroids have a variety of potentially serious
adverse effects, whereas Inhaled CS, particularly if used with a spacer,
have few systemic effects.

Swish and SPH méthad <F -
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Agents used for Asthma:
Alternative drugs

» Useful for treatment of asthma in patients who are poorly controlled by
conventional therapy or experience adverse effects secondary to corticosteroid
treatment.

» Should be used in conjlfﬁétion with ICS therapy for most patients.
A. Leukotriene ((LT) modifiers (Zileuton, Zafirlukast, montelukast
B. Cromolyn

C. Cholinergic antagonists (ipratropium and Tiotropium)

D. Theophylline

E. Monoclonal antibodies (Omalizumab, mepolizumab, benralizumab and
reslizumab)

(Watch fhese Videos 1
——

www.youtube.com » walch

Leukotriene modifiers - Respiratory Pharmacology - Part 8 httpS ://yOUtU . be/3| DCYS_ChSO

m —— . This video describes the Leukotriene modifiers used in
Leukot-iene Modmi Bronchial asthma and COPD in a simple and easy manner to...

ﬁ @ === Q YouTube - Pharma Toplcs - Sep 14, 2021

¢ Leukotriene Modifiers: Nursing f
Pharmacology

LEUKOTRIENE https://youtu.be/Srwm1yK45w0

MODIFIERS

« NURSING PHARMACOLOGY ~

Osmosis from Elsevier
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www.youtube.com > watch

Cromolyn Mnemonic for Nursing Pharmacology (NCLEX)
Study this Cromolyn NCLEX mnemonic and other mnemonics https //youtu . be/aVXTOQ4hO| I

with Pixorize.Cromolyn is a medication used to treat asthma. |...

YouTube - Pixorize - Jun 6, 2022
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Agents used for Asthma: SH S ANTIN
L%ukotriene modifiers

» LTB4 and the cysteinyl le®ukotrienes (LTC4, LTD4,
and LTE4) are products of the 5-lipoxygenase
pathway of arachidonic acid metabolism and part
of the inflammatory cascade.

» 5-Lipoxygenase is found in cells of myeloid origin,
such as mast cells, basophils, eosinophils, and
neutrophils.

» LTB4 is a potent chemoattractant for neutrophils
and monocytes, stimulates production of
proinflammatory cytokines.

» cysteinyl leukotrienes constrict bronchiolar
smooth muscle, Increase endothelial permeability,
promote mucus secretion, eosinophil recruitment
and airway remodeling in chronic asthma

**Leukotrienes are chemicals your body releases when you come into contact
with something you’re allergic to. They can cause:

1-Coughing.

2-Extra mucus and fluid in your chest and throat.

3-Inflammation or swelling in your airway.

4-Tight muscles in your airway.

5-Tightness in your chest.

6-Wheezing or difficulty breathing.

**Leukotriene modifiers, also called leukotriene receptor antagonists or
leukotriene synthesis inhibitors, are medications that block the effect of
leukotrienes or stop your body from producing them.

**Names of specific leukotriene modifiers include:
1-Montelukast

2-Zafirlukast

3-Zileuton
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Leukotrienes (LT) 4 and the cysteinyl leukotrienes, LTC4 , LTD4 , and LTE4 , are
products of the 5-lipoxygenase pathway of arachidonic acid metabolism and
part of the inflammatory cascade.
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5-Lipoxygenase is found in cells of myeloid origin, such as mast cells, basoplhils,
eosinophils, and neutrophils.

ERAET Bone marrow
AN
B

/0 Myeloid Lymphoid
® o

*LTB4 -> is a potent chemoattractant for neutrophils and eosinophils

*the cysteinyl leukotrienes -> constrict bronchiolar smooth muscle, increase
endothelial permeability, and promote mucus secretion.
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Agents used for Asthma:
Leukotriene modifiers ==

Jatroant

v|Zileutonl|is a selective and specific inhibitor of —
5-lipoxygenase, preventing the formation of
both LTB4 and the cysteinyl leukotrienes.

i kaouhncm
V|Zaﬁrlukast|and imontelukast|are selective
antagonists of the cysteinyl leukotriene- 1 [I.eulwtrlmo(, (LeukotrieneE, )

receptor (CysLT1), and they block the effects
(Approved for the

of cyst 1D | leukotrienes.

v'Should not be used in situations where
jmmediate bronchodilation is required.

v'Leukotriene receptor antagonists have also
shown efficacy for the prevention of exercise-
induced bronchospasm.
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Agents used for Asthma:
Leukotriene modifiers

Pharmacokinetics | can not use it in emergency

* These agents are orally active and highly protein bound.

* Food impairs the absorption of|zafirlukast|

* Undergo extensive hepatic metabolism (zileuton and zafirlukast|reported
with liver toxicity). %_' AlSuha ouic gt g1 dlzgd

das dyia (sl s livergls

*[Montelukast|is the most prescribed (taken without regard to meals+ once-

daily treatrhent). most commonly used

Be carefull, if we want to inhibit LTB4, the
most used drug is Zileuton

Zileuton and its metabolites are excreted in urine, whereas zafirlukast,
montelukast, and their metabolites undergo biliary excretion



Agents used for Asthma:
Leukotriene modifiers

Adverse effects

* Elevations in serum hepatic enzymes>> requiring periodic monitoring
and discontinuation when enzymes exceed three to five times the
upper limit of normal. el 3 liver functionJle dise aL3

* Headache and dyspepsia.

» [Zafirlukast/is an inhibitor of cytochrome P450 (CYP) isoenzymes

2C8, 2C9, and 3A4. 3
’
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*Zafirlukast is an inhibitor of cytochrome P450 (CYP) isoenzymes 2C8, 2C9,
and 3A4, and zileuton inhibits CYP1A2.

*Coadministration with drugs that are substrates of these isoenzymes may
result in increased effects and/or toxicity.
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Agents used for Asthma:
Cromtolyn

v a E_roph’yl’actlc anti-inflammatory agent that
@m_ ibits mast cell degranulation release of
histamine.

NOC 0172-6406-43

v'An alternative (prophylaxis) therapy for mild Cromolyn Sodium
persistent asthma and 1s available as a Sye2a + sl nhalation Solution, USP

20 mg/2 mL

managing an acute asthma attack. o
Aqueows Soluton for Nebulization
tilnes dal]y 12 pouches of five 2 m vials each (60 unit-dose vials)

nebulized solution.
v'"NOT a bronchodilator>> NOT useful in T
v'Short duration of action>>dosing three or four [ A

o :
v'Adverse effects are minor and include cough,
irritation, diarrhea, and unpleasant taste.

Short duration of action = not used in emergency
Used in allergic asthma but no acute attack, and used in allergic rhinitis
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SHORT-ACTING ANTICHOLINERGIC
Ipratropium ATROVENT -

Agents used for Asthma:
muscarinic antagonist

Inhaled ipratropium{is NOT recommended for the
routine treatment of acute bronchospasm n
asthma, Whyq its onset is much slower than that of inhaled SABAs

»useful in patients who are unable to tolerate a They are not the first line in asthma

SABA or patients with asthma—COPD overlap But their combinations are the first
syndrome. line in COPD

»Tiotropium|can be used as an add-on treatment in
adult pafients with severe asthma and a history of

LONG-ACTING ANTICHOLINERGIC (LAMA)
Tiotropium SPIRIVA

exacerbations. :
efferent nerve
, |>6édverse effects:‘”
> dq = x vagus
rdxerpstomla and bitter taste are related to local
anticholinergic effects.
°) ‘.\i;R - mhibitory
®0 0 ¢
acetylcholine

ticholinergics

Agents used for Asthma; .. 7' 277 o

* ipratropium
bronchial smooth muscle

muscarinic antagonist [

constrnchion

| Atropine}, causes bronchodilation at a lower dose than that needed to
cause an increase in heart rate.

* Atropine selectivity effect can be increased further by administering the
drug by inhalation or by use of ipratropium bromide.

* ipratropium bromidelis poorly absorbed into the circulation and does not
readily enter the central nervous system (even inhalation of high doses)
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Agents used for Asthma: . |
Theophylline Tl

—
i

; . : . Theophylline
* bronchodilator that relieves airflow e b
obstruction in chronic asthma and

decreases asthma symptoms.

* [t may also possess anti-inflammatory
activity, although the mechanism of action
is unclear.

PDE=Phosphodiesterase
PKA=Protein Kinase A

It acts as a competitive nonselective phosphodiesterase inhibitor
(inhibiting type Ill and type IV phosphodiesterase), which increases the
concentration of intracellular cAMP, activates protein kinase A, inhibits
TNF-alpha, and leukotriene synthesis, and also decreases inflammation

and innate immunity.

* It was the mainstay of asthma therapy (replaced because of its narrow
therapeutic window, adverse effect profile, and potential for drug
interactions).

problem with the rate or
rhythm of your heartbeat

* Overdose may cause seizures or potentially fatal arrhythmias.
$—> FESFURITT WY

* Theophylline is metabolized in the liver and is a CYP1A2 and 3A4
substrate.

It is subject to numerous drug interactions. Serum concentration
monitoring should be performed when theophylline is used chronically.



Agents used for Asthma:

*mab = monoclonal antibody

. Omalizumab-,IJL \

=

Monoclonal antibodies : seraunat | 5115

Reslizumab)

» |Omalizumab| monoclonal antibody that selectively binds to human immunoglobulin E

(IgE)>> decreased binding of 1§E to its receptor on the surface of mast cells and
basophils>>limits the release of mediators of the allergic response.

Mepolizumab, benralizumab and reslizumabjare monoclonal antibodies are of interleukin-5

(IL-5) (antagonists).

IL-5 is the major cytokine involved in recruitment, activation, and survival of .eosinophils in
eosinophilic asthma.

These agents are indicated for the treatment of severe persistent asthma in patients who are
poorly controlled with conventional therapy.

Their use is limited by the hi&;h cost, route of administration (IV for reslizumab and
subcutaneous for otheérs), and adverse effect profile.

Adverse effects include serious anaphylactic reactions (rare), arthralgias, fever, rash, and
increased risk of infections.

New malignancies have been reported. ’3%
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All patients witl 1 have immediate access to an inhaled bronchodilator with a

asthma shouid

1 * = ’ )

Asthma management

Y

» Step 1: SABA as needed (preferred) OR Low-dose ICS + Long- (fast) acting beta
agonist (budesonide-formoterol or budesonide-albuterol) as needed

 Step 2: Low-dose ICS daily and separate SABA as reliever (preferred) OR Step 1
Low-dose ICS + long-(fast) acting beta agonist as needed OR leukotriene receptor
antagonist (LTRA) daily with SABA as needed

* Step 3: Low-dose ICS-formoterol OR Low-dose ICS-LABA combination inhaler
daily and separate SABA as reliever.

* Step 4-6: Medium-to high-dose ICS-LABA combination inhaler daily and
separate SABA as reliever plus LAMA daily

BRONCHO- RESULTS OF PEAK LONG-TERM CONTROL QUICK RELIEF OF
CLASSIFICATION CONSTRICTIVE FLOW OR SYMPTOMS
EPISODES SPIROMETRY
Intermittent L:ses rtv':z:kz days Near normal* No daily medication Short-acting , agonist
More than 2
Mild persistent days per week, Near normal* Low-dose ICS Short-acting B, agonist
not daily
Low-dose ICS + LABA Short-acting B, agonist
Moderate persistent Daily 6:::“8:'% of OR l(S/formoterolzis an
Medium-dose ICS alternative
Medium-dose ICS + LABA Short-acting 3, agonist
Severe persistent Continual L:;;':;" 60% of OR ICS/formoterol is an
High-dose ICS + LABA alternative




Diagnosis OF Asthme
|~ No prgé;se test for the diagnosis

Chinscally :
* Asthma may be suspected if there is a

history of recurrent wheezing, coughing or
difficulty breathing and these symptoms
occur or worsen due to exercise, viral
infections, allergens or air pollution

ts Co-Morbidity
Managed?

Uncontrotied symptoms &
lung function variabiiity £
exacerbations =

noton Severe Uncontrolied

* Spirometry is used to confirm the diagnosis, Commeted g o
and later in the management control. Conrolied evers At

Asthma-COPD overlap syndrome (ACOS)

1. age >40 yCaI'S »35 years old

Smoker [or ex] 210 pack-years
FEVI/FVC post BOT «<0.7

2. persistent airflow obstruction

3. history of asthma or evidence of partial

v

l Current asthma diagnosis

bronchodilator{reversibility

4. >10 pack-years tobacco smoking E‘{ Yes

BOT »15% and 400 mL, and/or
eosinophil blood count 2300 cells-pL-!




Asthma-COPD overlap syndrome (ACOS) |

ICS

* Inhaled bronchodilator with rapid onset of
action (SABA, SAMA combination) for T
as-needed symptom relief.

* Approach similar asthma

* Regular therapy\ ICS (low to moderat C

doses () LABA @nd/0) LAMA may b

necessary to control symptoms. ’ 0 0

* LABA monotherapy should be avoided,
as in asthma.

Salmeterol Multicenter Asthma
Research Trial (SMART)
randomized trial comparing
salmeterol (MDI) VS placebo. An
interim analysis in 26,355
patients found an increase in
respiratory-related deaths
and asthma-related deaths

o

- Anti-IL-5
‘? . {‘ \: ) - Anti-IL-4
0\' \‘ oVY N OY[Y\o\ \on -iterloid;

— — - Antileukotrienes

——

Late response:

Omalizumab Steroids é inflammation
Avoidance é Chromones

Exposure to é Mediators
p, Antigen and IgE 5
antigen (dust, (leukotrienes,
on mast cells

pollen, etc.) histamine, etc.)

\ Early response:

% bronchoconstriction

- B-agonists
- Theophylline
+ Muscarinic antagonists

Asthma-COPD Overlap (ACO)
1 n

Bronchial
hyperreactivity

— Symptoms
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Agents under investigation

* Astegolimab:

m-n.d.m.l
ank-be

4
human IgG2 mAb, se{ectlvely inhibits the IL-33

receptor, ST2.< pathway
https://pubmed.ncbi.nlm.nih.gov/33872652/.

* Tozorakimab:

mAb with a dual pharmacological profile that can inhibit

IL-33 activities

through the ST2 and RAGE/EGFR signalling pathways. To

reduce excess inflammation and epithelial remodelling in IL-33-driven

disease.

* https://www.atsjournals.org/doi/abs/10.1164/ajrccm-

conference.2022.205.1 MeetingAbstracts.A2397

=|nhaler Te

chniques:

Metered-dose inhalers (MDIs) & dry powder inhalers (DPIs)

Exhale before using the inhaler, and then begin to inhale slowly as
they press the canister and continue inhaling slowly and deeply

throughout actuation.

A large fraction (typically 80% to 90%) of inhaled medication (for
example, corticosteroids) is either deposited in the mouth and
pharynx or swallowed. The remaining 10% to 20% of a dose of

inhaled glucocorticoids
action in the airway.

DPIs require a different inhaler technique. Patients should be Mmm ]

instructed to inhale quickly and deeply to optimize drug delivery *2&"" lung. t

to the lungs. Patients using any type of inhaled corticosteroid

device should be instructed to rinse the mouth after use to " First pass Inactivation \

prevent the development of oral candidiasis. i LW:
Y 4

P\

‘Nhntypo«-mnv allowed
| (reduced by spacer or
mhd

that is not swallowed reaches the site of
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Inhaler Techniques: Spacers

corticosteroidsy/ g effecty! (o Adan dif Lusa g dac Laayd

A spacer is a large-volume chamber attached to an MDI. The
chamber reduces the velocity of the aerosol before entering the
mouth, allowing large drug particles to be deposited in the device.
The smaller, higher-velocity drug particles are less likely to be
deposited in the mouth and more likely to reach the target airway
tissue.

Patients should be advised to wash and/or rinse spacers to reduce
the risk of bacterial or fungal growth that may induce an asthma
attack.

Large particles of aerosol are
deposited in the chamber
before the patient inhales.

Inhaled aerosol is enriched in
small particles that more readily
travel to the small airways.

'Inhaler Techniques:
Metered-dose inhalers (MDls) & dry powder inhalers (DPIs)

| Patient |

! !

sufficient inspiratory flow insufficient inspiratory flow

1 i
! | ! |

coordination+ coordination- coordination+ coordination—
PMDIi+/~ spacer pPMDi+ spacer pMDI+/~ spacer PMDI+ spacer
DPI DPI breath actuated breath actuated
aerosol aerosol

breath actuated
aerosol

soft mist inhaler

breath actuated
aerosol

soft mist inhaler

soft mist inhaler

soft mist inhaler
nebulizer

A

D

* https://www.stlouischildrens.org/health-resources/pulse/medical-
animation-inhalers

* https://www.youtube.com/watch?v=]SkwBoed6Tw




Quiz Time &

1)A 31-year-old man is brought to the emergency department complaining of
dyspnea. He has a history of asthma and has had multiple asthma attacks
requiring intubation for airway maintenance. He is noncompliant with his
medications prescribed for this condition.Physical examination reveals a young
man in acute distress. His room air oxygen saturation is 87%. In addition to
administration of oxygen, immediate drug administration of albuterol should be
administered by which of the following routes?

(A) Inhalation

(B) Intranasal puff metered dose

(C) Subcutaneous

(D) Sublingual

(E) Topical

Answer = A

2)A 7-year-old boy is brought to the emergency department by his parents after
being stung by a bee. The parents say he is allergic to bee stings, and the
patient is having great difficulty breathing. Epinephrine is administered
immediately. His symptoms improve as molecules of epinephrine bind to beta 2-
receptors in bronchiolar smooth muscle. Which of the following drugs also
stimulates these receptors?

(A) Acebutolol

(B) Phenylephrine

(C) Prazosin

(D) Salmeterol

(E) Timolol

Answer =D

3)A 23-year-old male college graduate student with a history of asthma presents
to the ambulatory care clinic for follow-up. He uses a beta 2-agonist via inhaler
when he has an attack. The treating physician should be alert to which of the
following possible findings on examination and laboratory studies?

(A) Bradycardia

(B) Hyperglycemia

(C) Hyperkalemia

(D) Hypermagnesemia

(E) Hypertension

Answer = B



4)A 47-year-old man presents to the ambulatory care center with symptoms of
hypoglycemia and is found to have an insulinoma. His medical history is
significant for occasional asthma to which he treats using an albuterol inhaler,
and an Ml for which he takes daily low-dose aspirin. Because he takes aspirin,
he is not able to immediately undergo surgery. The physician prescribes
diazoxide for therapy until the tumor can be removed. Diazoxide stimulates
potassium channels leading to inhibition of insulin release. Which of the
following is most likely to occur in this patient as a result of diazoxide therapy?
(A) Bronchoconstriction

(B) Hypertension

(C) Hypoglycemia

(D) Hypotension

(E) Seizures

D

5)A 42-year-old woman with a history of asthma has an attack and is brought
to the emergency department for evaluation and treatment. She is wheezing
and is short of breath. What is the most likely pathophysiology of this
condition?

(A) Bronchodilation

(B) Increased secretion of mucus

(C) Inflammation of the bronchial serosa

(D) Relaxation of bronchial smooth muscle

Answer = B

6)A 5-year-old boy is brought to the clinic by his parents who say that he often
has trouble catching his breath when he has been playing hard outside. He is
allergic to peanuts. At the moment, he is breathing fine. Which of the
following drugs would dilate his bronchioles in an acute asthma attack?

(A) Albuterol

(B) Methacholine

(C) Neostigmine

(D) Nicotine

(E) Pilocarpine

Answer = A



7)Five patients undergo surgery for various reasons. Each patient has a
particular prior medical history. Which of the following patients would be
most problematic to the anesthesiologist if thiopental is used

during the surgery?

(A) A 5-year-old boy with recurrent otitis media

(B) A 7-year-old boy with recurrent sinusitis

(C) A 9-year-old boy with asthma

(D) A 12-year-old boy with anemia of chronic disease

(E) A 15-year-old boy who has never received anesthesia

Answer = C

8)A 4-year-old boy is hospitalized on the pediatric service with cough, runny
nose, and chest pressure. Concern for respiratory syncytial virus is brought
up by the treating physician. Treatment with zanamivir is undertaken. Which
of the following underlying conditions can worsen bronchospasm in this
patient?

(A) Adenoiditis

(B) Asthma

(C) Floppy tongue syndrome

(D) Pharyngitis

(E) Tracheitis

Answer = B

9) 6-year-old boy presents to his pediatrician for follow-up of recurrent hay
fever and asthma. He usually has two to three attacks per week. For
symptom control, he uses an albuterol inhaler, but his parents would like to
try something more. They would like him to take something that would
lessen the amount of attacks he has. Although corticosteroids would
probably work best for prophylaxis, they are contraindicated in children.
Which of the following drugs would decrease the amount of asthma attacks
by preventing an arachidonic acid derivative from binding to its receptor?
(A) Aspirin

(B) Celecoxib

(C) lpratropium

(D) Montelukast

(E) Zileuton

Answer =D



10) A 27-year-old man with recurrent asthma attacks is being
considered for preventative therapy with cromolyn sodium. This agent
is not effective as an acute treatment of an asthma attack because of
the lack of which of the following properties?

(A) Anti-inflammatory

(B) Bronchodilator

(C) Immune modulator

(D) Mast cell stabilizer

(E) Neutrophil inhibitor

Answer = B

11) A 48-year-old man with a known history of asthma takes daily
theophylline. He is found unconscious in his bathroom with an open
bottle of theophylline that is now empty nearby. He is found by EMS
to be apneic and pulseless. What is the most likely cause of death in
this patient?

(A) Apnea

(B) Cardiac arrhythmia

(C) Pulmonary embolism

(D) Seizures

(E) Tetany

Answer = B

12) A 52-year-old man with asthma treated with a beta 2-agonist via
inhaler has been having difficulty with therapy because of persistent
changes in blood pressure, nausea, vomiting, and hypomagnesemia.
Which of the following medications would be best for this patient?
(A) beta 2-Agonist via inhaler every other day

(B) beta 2-Agonist via inhaler every third day

(C) beta 2-Agonist via inhaler twice daily

(D) Change to ipratropium

(E) Change to epinephrine

Answer =D



13) A 13-year-old male has begun having spells of wheez-
ing and difficulty breathing while playing outside. He

is diagnosed with asthma and given an inhaler to treat
acute attacks. His medication is working well, but he
would also like something to prevent attacks from happening. Which of the
following drugs would be best to add to his regimen?

(A) Albuterol

(B) Epinephrine

(C) lpratropium

(D) Isoproterenol

(E) Salmeterol

Answer = E

14) A 13-year-old boy with moderate asthma presents to the clinic for follow-up.
His symptoms appear to be better controlled since adding salmeterol to his
regimen. He has had to use his rescue inhaler once over the past 2 weeks during
exertion. His breathing at night has improved as well. How does salmeterol
exhibit its beneficial effects for asthma?

(A) Long-acting beta1-agonist

(B) Long-acting beta1-antagonist

(C) Long-acting beta1- and %2-agonist

(D) Long-acting beta2-agonist

(E) Long-acting beta 2-antagonist

Answer =D

15) A 24-year-old man presents to the primary care clinic for follow-up of his
asthma. He has had asthma since he was 8 years old and requires daily
treatment for his symptoms. He often has nighttime awakenings with coughing
spells. On physical exam, diffuse wheezing is heard bilaterally. He is willing to try
anything to improve his symptoms. The physician decides to add cromolyn to his
regimen. What is the mechanism of action of cromolyn?

(A) Blocks leukotriene receptors

(B) Inhibits endothelin-1 receptors

(C) Mast cell stabilizer

(D) Muscarinic antagonist

(E) Phosphodiesterase inhibitor

Answer = C



16) A 34-year-old man with exercised-induced asthma is
searching for a bronchodilator that will allow him to run in a
marathon. The event will take him approximately

6 h and 30 min to complete. The following -
diagram shows five bronchodilators. Which of the
following agents will provide him with the most
efficacious therapy during his run?

(A) Letter A

(B) Letter B

(C) Letter C

(D) Letter D

(E) Letter E

Answer =D

Onset of bronchodilation
Duration of bronchodilation

17) A 6-year-old boy is brought to his primary care
physician with a history of hay fever and asthma.
He usually has two to three attacks per week.

For symptom control, he uses an albuterol inhaler,
but his parents would like to try something more. They would like
him to take something that would lessen the amount of attacks he
has. Although corticosteroids would probably work best for
prophylaxis, they are contraindicated in children. He is instead give
montelukast.

How does montelukast works?

(A) Blocks leukotriene receptors

(B) Blocks muscarinic acetylcholine receptors

(C) Inhibits COX-1 and COX-2

(D) Inhibits COX-2 only

(E) Inhibits lipoxygenase

Answer = A
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