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PULMONARY HTN : PATHOPHYSIOLOGY, = - Active space -----
TYPES AND EVALUATION
Introduction 00:02:00
C/hod\enge :

* Diagnosis often missed : a year gop between disease onset and diagnosis.

* Non specific symptoms.

* Treatment cannot comp\e’ce\a revert the disease.

* expensive drugs used for treatment.

* Limited treatment options for pudmonar5 hﬂper’cension oCCUNTing secondarg
o lung diseases.

PAH VS PHTN :
* PAH : Pulmonary artery hypertension a/t abnormality of vessel.
* PHTN/PH : Pulmonary hypertension /% heart disease/ lung disease/chronic

ulmonoru embolism.
P k|

Determinants of pulmonary artery (PR pressure :
° H'\gh Slow, low resistance, low pressure sgs’cem.
° a proper’c'\es :
. Distensibility : D/t compliance of pulmonary vasculature.
a. Recruitment : With increase in cardiac output, more vessels take part in
pulmonary blood Sow.

* Normal mean pulmonary artery (Y) pressure : 13 mm of Hop
* PA pressure : Cardiac output x pulmonary voscular resistance (PVR).
* PWR : Resistance offered by pulmonary arteries, veins and capillaries.

Poiseuilie’s low : PVR is inversely proportional to (Rodiue)*.

1PvR — 1'strain to right ventricle — Right ventricular hypertrophy — Right
ventricular failure.

Hﬂpox'\c vasoconstriction : Pudmonou% vessels vasoconstrict in response to hﬂpox'\a

o maintain ventilation/ perfusion rodio.

Pulmonology * v1.0 » Marrow SS Medicine




410 Pulmonary Vascular Disorders

Pathophysiology 00:11:00

Structural and functional changes in pudmonour5 vessels :
. Sustained vasoconstriction : D/t Co® imbolance.

3. vaseular remodeliing : T No. of Rbroblasts.
T emooth muscle mass (Medial hypertrophup.

endothelial hﬂperp\as\a,

2. In situ thrombosis.
4, | arterial wall stifSness : D/t extracellular motrix proteins (Tenascin-C)

leading fo | compliance.

Pulmonary  Vascular

Intimal proliferation, fibrosis )
artery obstruction

£

/—Vascular remodelling

* Right ventricular
Wi remodelling /
dysfunction

Plexiform lesion

Vasoconstriction

== I K A 2

Medial Intimal Plexiform
hyperplasia proliferation  lesions

Structural and functional changes in

pulmonarg vasculature.

HPE : F\é&rgsmal
dilotation of pulmonary vaseuloture.
Pa’chogenic mechanisms of pulmonourl.j htjper’cension -
I Vasoconstrictive ¢ In response to chronic hﬁpoxia in end s%age lumg diseases
(nterstitial lung diseases, emphysemaD.
. Obstructive : Chronie thromboembolic pulmonary hypertension (CTPH).
Obliterative : Destruction of capillary bed in emphysemo.
Passive : Lett ventricular Lailure.
Idiopadhic.
. Hyperkinetic : Left — right shunt.

£ 0> o» o
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Pulmonary HTN : Pathophysiology, Types and Evaluation ¢ 411

Genetic, cellular and molecular mechanisms :
3 poechwags :
. endothelin po@chwaﬂ : endothelin released bﬂ endothelium has a recep’cors.

endothelin A : Vosoconstriction ond smooth muscle pro\'\?eroec\on.
endothelin & : Vasodilotion.

a. Nitric acid poechuoaﬂ : NO produced b5 L—arg'\n'me — cgmMP — vasodilotion
ond anti pro\‘\%?eroec'we eflect.

2, Prosicacgc\in poechwag : Produced from arochidonic acid —
cAmMP—>Vosodilotion and anh—pro\'\?era’d\/e eflect.

End;t;e_lin palhw.a; ——f

A

\i Endothelial | Nitric oxide pathway

G- o / cells e
b, > \

Endothelin s
receptor A

2 \\ Endothelin-1
Endothelin ficd 4
e N

receptor 4
i1 antagonists Endol

Prostacyclin
(prostaglandin |}

L =
Phosphodiesterase
type S inhibitor

SRt Bt

nMoleculor pofchwo%s involved in

pulmonary hﬂper’cens'\on.
Pulmonary hﬂper’cens\on occws due to
Decrease in vasodilodors : Inereose in vasoconstrictors :
° Nitric oxide. * endothelin-I (€T-D.
e Pros’ca%c\‘m. *  Thromboxane.
* vosactive intestinal peptide (VIP). * Serotonin (S-HT).

Increased expression of growth foctors :
* ﬂng‘\opo'\e’c'm |
* Vascular enothelial growth factor (veaP).
* Platelet derived growth factor (POGP.

Pulmonology * v1.0 * Marrow SS Medicine
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| Pulmonary Vascular Disorders

Changes in ion channels and membrane receptors :
* 1 co® channels.
* | % channels.
* 1 Na*/co’ exchanger.
* 1 & protein coupled receptors.

Altered signalling poechwaﬂs :
o C,Sc\‘\c guanosine monophosphate.
* PDGF and At/MTOR signalling,
* RhoA/ROCK signalling,
* NOTCH s'\gnod\'mg.

Genetic alterations reloted o idiopodhic and heritable PAH :
* | eone morphogenetic protein receptor Il BMPRAD (/) : Requlates
proliteration of smooth muscles and endothelium.
° ALK, endogl'm, Smad 8 mutodion.
Note : ALKI and endoglin mutadion : Also involved, in AV malformodion.

Clinical features 00:24:49

Samp’coms .
* Progressive dyspnea on exertion (/o).
® Bendopneoa Dyspnea. on bend‘mg forward d/t increase in RV %l\'mg pressure.
* Foecigue.
* Palpitations.
* syncope/light headedness : R, Lv dysfunction in lote stages.
* Pedal edema, abdominal distension, tender hepatomegoly : D/t RV failure.

WHO functional classification

. Cass Podient with PH without limitation of physical activity,
| Slight limitotion of physical activity,
C Class i Ordinary physical activity causes undue dyspnea,

Fofigue, chest pain, near syncope.

marked limitadion of phgs‘\cod acﬁv'ﬁcg but comfortable
Class il ok rest. f

; Less than ordinary activity causes symptoms.

[

| Class v ‘ Symptoms even at rest.

Pulmonology - v1.0 + Marrow SS Medicine




Pulmonary HTN : Pathophysiology, Types and Evaluation

Less common sgmp’roms :

Chest pa\n/ angina. like pon : Diloted pulmonary ar’cer5 con compress le®t
Madn coronary oﬁe%.

Hoarseness of voice : Compression of left recurrent laryngeal nerve RLND
by dilated pulmonary artery K/a. Ortner’s syndrome.

Suspect PHTN when :
* Podient complains ot progressive dgspnea without other sgmp’coms.
* Poor response to management of common couses of dyspnea.
°* Signs of under\ging disenses that can couse PHTN (Such as scleroderma,
obstructive sleep apnea, progressive emphgsem&

Clinical exoamination :
general examination :

* Tachypneo. * Cyanosis +/-.

o Tach5card\a, ° Clubbing.

* use ot accessory muscles of resp‘\rofdon. ° Pedal edemo.

* Dilated neck veins, raised JVP.

Sgs%em‘\c exominadion
Respiradory 553Jcem s Normoal unless in presence of respirakory couses (&9 : velero
cracKles in interstitiol lung disease).

Cardiovosculay :
* Palpable PA in left a™1CS (intercostal space)
* Left parasternal heove. | Right ventriculor
. &p‘\gas’mc impulse. h5per&roph5.
o dull note over left 3™ 1cs.
s Loud Pa.

* Right ventricular gallop rhythm Rv 2.

* Pumonary ejection click.

* Tricuspid regurg'\’cahon MUY 553%0\'\0.

* Pulmonary regurg‘\’coec\on murmuy ¢ Diastolic.
Sions of right heart failure

° Roised JVR

* pscites/abdominal distension.

¢ Tender hepatomeqgaly,

* Pedol edemo.

Pulmonology - v1.0 + Marrow SS Medicine
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Pulmonary Vascular Disorders

Joint examinadion, skin examination, GIT examinadion : To find the couse of

pudmonar5 hgper’cension.

* Distended and pulsating jugular veins
* Abdominal distension

~ + Central, peripheral, or mixed cyanosis
* Accentuated pulmonary component of the

second heart sound * Hepatomegaly
* RV third heart sound . * Ascites
* Systolic murmur of tricuspid regurgitation * » Peripheral oedema
* Diastolic murmur of pulmonary regurgitation = {

s s i sy

« Digital clubbing: Cyanotic CHD, fibrotic lung * Peripheral cyanosis (blue lips and tips)

disease, bronchiectasis, PYOD, or liver disease * Dizziness
* Differential clubbing/cyanosis: « Pallor
PDA/Eisenmenger's syndrome ¢ Cool extremities
* Auscultatory findings (crackles or wheezing, E * Prolonged capillary refill
murmurs): lung or heart disease E ==
* Sequelae of DVT. venous insufficiency: CTEPH |
« Telangiectasia: HHT or SSc § %
* Sclerodactyly, Raynaud's phenomenon, digital SE
. ulceration, GORD: SSc > : J

Signs of pulmonarﬂ hﬂper’cension.

Diagnosis 00:36:30

Aim of diagnostic studies
* Confirm presence of pulmonary hypertension.
® S’caging.
® Adjust treatment.
® Determine prognosis.
* Detect Lmderlging e’ciolo%.

Diagnostic tests :

Chest x-roy :
* Dilated central pudmonarg ar’cerg.
* Absence of peripheral vasculature

(Prun'mg of peripheral vessels).

e C,ourdiomegajﬂ, Chest x ray in pudmor\aﬁ
hﬂper’cension.

. Umderlging lung diseases such as interstitiol Iung
disease, emphgsem&

IJUSH
* Right axis deviation (Lead | predominan‘dg negative and lead avF
predom'\r\an’dﬂ positive).

Pulmonology « v1.0 « Marrow SS Medicine
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Pulmonary HTN : Pathophysiology, Types and Evaluation

* P-pulmonale Rv dilofotion : Amplitude of P wave >0.85 MV (>a.5 small
squares).

* Right ventricular hypertrophy : R/S inVI Y1, R Y05 mV.

. Q'\Sh’c bundle branch block.

* RV strain pattern : T inversions, ST depression in Vi-4 and inferior leads.

e Other features s/0 cardiac abnormalities.
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Echocard\ogrm :

Non invasive.

Peak tricuspid requrgitant velocity Ak
* 238 m/s: Low probability of pulmonary HTN.
* 3.9+0 34 m/s : Moderate probability of pulmonary HTN.
° »39m/s: High proboability of pulmonary HTN.

Other findings s/0 bad prognosis *
* Dilokokion of RV > LV.LWI
* D shaped inter ventriculor septum.
* Pericardial effusion.

To find etiology, of pulmonayry HTN :
°* LV ejection Lroction.
e Check Sor volvulox heart disease Vi congen\’ca\ heart diseose.

Other tests:
Pu\momarg Sunction tests (PFT)
e Normal PET with reduced DLCO (D'\S?—Qus'\ng capacity of lung Lor carbon

MONoXide).

° Abnormoal in presence of lung pathologies (nterstitiol lung disease, COPD).

b minute wolk test @ To assess exercise capaci’cg of the paﬁen’c.
Card\opulmonarﬂ exercise ’ces’c'mg.

PO\SSOmﬂOBVO\Phﬂ : Sleep apneo.

Pulmonology = vi.0 » Marrow SS Medicine
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. Pulmonary Vascular Disorders

Arterial blood 9as To assess need for long term oxygen ’cherap&

CT pudmonarﬂ angiographﬂ :

In cose of chronic pudmonou’& embolism \ead‘mg to pudmonar5 HTN.

Features s/o pulmonary HTN :

Main pulmonary artery (MPR) diameter >a9 mm.
mea/. ascending aorta diameter 0.9

RV dilatodion »Lv dilotodion.

Pericardial efSusion.

Con detect lung po&cholog\es.

Lung window :

mosaic pattern c\assicod\g see in chronic thromboembolic pquonar5
hgper%ension.

D/+ block of pulmonary artery d/t thrombus, some areas receive lesser
blood SuPP\U than other areas.

CTPrA Lung window : Mosaic po&c’cem

L,aborodcorﬂ tests :

Comple%e hemogmm.

Liver function tests :

Cirrhosis/chronic liver disease lead‘mg to por%opu]monarﬂ htjper%er\s‘\on.
Congestive hepatomegaly d/+ Rv dysfunction.

Boseline LFT levels done before s%ox’r\ng patient on bosenton (&/e
Transaminitis).

Renal function tests, serum electrolytes.

HIV @ Couse of pudmonarﬂ hgper%ension.

ANA (Antinuclear antibodies) : Connective tissue diseases.

N terminal pro BNP :

Released by straining righ%/ le®t ventricle.
Levels of NT pro BNIP correlate with degree of RV ¢train indicoecing prognosis.

Cardioc catheterisation :

Con%rmodcorﬁ test.

Pulmonology - v1.0 + Marrow SS Medicine




Pulmonary HTN : Pathophysiology, Types and Evaluation 417

MPA pressure 780 mm of Hg s/0 pulmonary hypertension.
VQsoreac‘c'\\/i’cS ’ces’c\ng :

* Positive test : Pulmonary artery pressure reduced by 10 mm of Hg and to
240 o of Hg in response fo inhaled nitric oxide/loprost (or) i/v epoprostencl
without any change in cardiac output.
°* A patient shouo'mg pos\’dve \/asoreach\/‘\’cg test will respond to treadment with

calcium channel blocker.

Definition of pulmonary hyertension (2SC quidelines o EhE

Mean purmonary arteriol pressure (mPee) > 30 mm of Hg ok rest.

Pulmonary artery h5per’cer\s'\on/ pre capillary P :
* mPAP 730 mm Ho,
* Pulmonary artery wedge pressure (PALP) IS tnm Hg : Normal LV function.
* PR ¥4 Wood units LW,

Isolaked post capillory PH : D/ Lv d5s¥unck\on wikh normal PVR.

Hemodynamic definitions of pulmonary hypertension
(85CC 8083 guidelines)

Pudmonarld hu}per’cension mMPAP 230 mm Hg

mMPAP 30 mm HS

Precapillary PH/PAH PALP 4IS mm Ho
PVR >3 WU

mMPAP 230 MM Hg
PALWP 7IS MMM Hg
PVR 44 WU

Isoloted pos’c cap'\\\ar5 PH
OpePr.

mMPAP >30 mm Hq

Combined precapillary and post PALUP IS MM Ho

oy PH.
captiary PVR >3 WU
mMPAP >80 mmM Hg
unclossified PH. PALVP £IS MM Hg
PVR 43 WU
Classification 00:58:00

updoted classification of pulmonary hypertension (WSPH bth 301D :
mPAP cut ofS changed Lrom aS mm of Hg to 80 mm of Hoy
SVR cuto$s changed Lrom 2 WU o & WU

Pulmonology * v1.0 « Marrow SS Medicine
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Pulmonary Vascular Disorders

Clinical classification of PH (€ quidelines)

(irOup |

Pulmonar5
ar’cerﬂ
hgper‘rension
GO

Idiopathic :
* Non responders at vasoreachvﬁg ’ces’c'mg.
* Responders ot \/asoreac’d\/i’cg testing,
Heritable.
Associoted with drugs and toxings.
Associoted with :
* Connective tissue disorders.
°  HIV infection.
*  Portal hﬂper’cer\s'\on.
* Congenital heart disease.
*  Schistosomiasis.
PAH with features of venous/ capillary involvement.
Persistent PH of the newborn.

QrOuP

PH associoted
with left heort
disease.

Heart failure :

*  With preserved ejection fraction.

°  With reduced or mildly reduced ejection fraction.
Valvular heart disease.
Congenital/acquired cardiovaseular conditions leading to post
capillary PH.

G‘VOUP

PH associoted
with lung
diseases.

Obstructive lung disease or emphgsema

Restrictive lung disease.

Lung disease with mixed restrictive/obstructive podte.
Hﬂpovenﬁloecion sgwdromes.

Hypoxio. without lung diseases (£q : High altitude).
Developmental lung disorders (Lqmphar\qlo\eiomu)oma’rosis/ LAM).

e\roup

PH associoted
with PA
obstructions.

Chronic thromboembolic PH.
Other pulmonar5 ar’rer5 obstructions.

G\rOup

miscellaneous.

Hema%o\ogxcal disorders : Thalassemia, sickle cell anemio.
Sgs’cemic disorders : Sarcoidosis.

Metobolic disorders : edgcogen eroraSe disorders, qaucher’s
Chronic renal Sailure with/without hemoptysis.

Pulmonarg tumour cousing thrombotic microangiopa’chg.
Fibrosir\q mediastinitis.

Heritoble pudmonarg orterial hﬂper’cension :
* &roup | PH.
* Genetic mutadions : BMP R 1\, ALK |, endogfin.

PAH associated with connective tissue diseoses :

o Pudmonarg ar’cer5 involved : &roup .

° Interstitial \ung disease : aroup 2.

* Involvement of heort (Lv Sailure) : Sroup a.

Pulmonology + v1.0 + Marrow SS Medicine




Pulmonary HTN : Pathophysiology, Types and Evaluation 419

* Chronic pulmonary embolism (n SL®) : @roup 4.

* Different groups of PH can coexist in a patient.

* m/c CTD involving PH : Limited scleroderma (cresm).

* Difuse systemic sclerosis — Interstitiol lung disease.

* SLg, Sjogren syndrome, mixed CTD comemonly o/w PH.

* Rheumatoid arthritis is not commor\\3 ossocioted with PH.

Drugs and toxins associoted with Pr (Dietary pulmonary hgper%eng\oro =
* Anorectic agents (Aminorex, fenfiuramine derivative) — 1 Levels of
serotonin — Pulmonary congtriction.
* Toxic ol 35ndrome : Ropeseed oil contaminated with aniline o\5e (Food
odulterakion).
* Hence these are banned.

PH due to hemog\ob‘mopoech'\es :
aroup S.
. Hemo\ﬂs'\s — Heme released —~ Scavonoes nitric oxide — Reduced
vosodiladion.
¢ Recurrent infections in sickle cell anemic patient — Lung abnormalities,
hﬂpox‘\a,
* Free radical injury d/t hemolygis.
* Increased plofelet aggrego@don.
* LV involvement.

*  Thrombosis.

Pulmonology * v1.0 « Marrow SS Medicine
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..... Active space ----- PULMONARY HTN : MANAGEMENT

Introduction 00:00:18

Rigk groups :
F\ccording to Fishmon :

Determinants of Prognosis®

(Estimated 1-Year Mortality) Low Risk <5% Intermediate Risk 5%-10% High Risk >10%
Clinical signs of right heart failure ~ Absent Absent Present
Progression of symptoms No Slow Rapid
Syncope No Occasional syncope' Repeated syncope
WHO functional class L 1l v
6MWD >440 m 165-440 m <165m
Cardiopulmonary exercise testing ~ PeakV0,>15mU/min/kg  PeakVO, PeakV0, <11 mL/min/kg
(>65% pred.) VEVCO, slope 11-15 mL/min/kg (35%-65% pred.) (<35% pred.) VENVCO, slope >45
<36 VENVCO, slope 36-44.9
NT-proBNP plasma levels BNP <50 ng/L BNP 50-300 ng/L BNP >300 ng/L
NT-proBNP <300 ng/L NT-proBNP 300-1400 ng/L NT-proBNP >1400 ng/L
Imaging (echocardiography, (MR RA area <18 cm? RA area 18-26 cm? RA area >26 cm’
imaging) No pericardial effusion No or minimal pericardial effusion  Pericardial effusion
Hemodynamics RAP <8 mm Hg RAP 8-14 mm Hg RAP >14 mm Hg
C1>2.5 L/min/m? C12.0-2.4 L/min/m? Ci <2.0 L/min/m?
Sv0 >65% Sv0 60%—65% Sv0 <60%

Important factors :
® WHO class.
® b min walk distance.
® NT pro&nD.

Pharmacological treatment 00:01:05

Qroup |
* Different trials have been conducted $or treatment of group .
* But whatever treadment is given complete reversal of pulmonar5 ar’rerﬂ
HTN cannot be done.

Targe‘ced pharmaco&hemp5 :
® Both vasodilodor § anti-prolierative proper’cﬂ present.
* No triols regourd‘mg the e?-?icacﬂ of Jcarge%ed pharmaco%hempg present.

Calcium channel blockers :
* Increased cytosolic Ca™ causes sustained vasoconstriction.
* CCP)s are given to prevent the sustained vasoconstriction.
* Positive vasoreactive response in cardioc cotheterization — Treoked with
cep's.

Pulmonology « v1.0 * Marrow SS Medicine




Pulmonary HTN : Management - 421

cee's not given Sor negoed\/e vasoreactive response —= Couses on\g side

effects.

* High doses are given in case of pulmonary HTN — monitor for side etfects
(pedal edema, hﬂpo—-&ens\on).

* Sustained response should be monitored — On\5 few people show positive

response 1o treodment.

Current ’cherapeu’cic drugs :

rent therapeutic targets

Endothelin pathway ~ NO-sGC-cGMP pathway

Prostacyclin pathway

Pro-endothelin-

Endothelin-| itric oxide

Prostacyclin
(Vasoconstriction (Vasodilatation and (Vasodilatation and
and proliferation) antiproliferation) antiproliferation)

=

~ Endothelin . Endothelin a‘;__w

receptorA S receptor B ;
T e GTP B cGMP T

MOR of ;cherapeu’dc dmgs

IP receptor l

gndothelin receptor antoonists :
* Duol ETA/ETE antogonist : Bosentan, macitentan.
* Selective €TA an&agon\s’c - Ambrisentan.
® Dosage :
i Bosenton ba.Smg — 135S Mg BD.
ii. Ambrisentan 10mg OD.
o pdverse effects of Bosentan : Transamiitic.
* Teratogenic —> /1 in reproductive age group.
¢ Other &/e:
i. Pedol edemo.
i. Headache.
iil. Nasal conges’don.
V. gpistoxis.

V. Rnemio.

Pulmonology * v1.0 « Marrow SS Medicine

L ——————————————————————————————————————————— S ———




422 Pulmonary Vascular Disorders

Nitric oxide Jchemp'\es :

PhosPhod‘\es‘cemse S inhibitors :
* Drugs : Sildenadi, tadalafil.

. Dosage=

.. Sildenadil : 30 mg TID. i. Tadolafil : 40 mg OD.
® Adverse effects :

i. Diarrheo. ili. Heodoche.

i. Pedal edemo. iv. Nosal congestion.

Soluble quanylate cyclase inhibitor :
* MOA * Augments cemP without the help of nitric oxide.
' Q\oc\guo& RS Mg TID — 3.5 Mg TDS.
* Additional o Group | it is also used in chronic thromboembolic pulmonar3 HTN
(group W).
Note :
* PDE-S inhibitors and Suc\ngloece c5clase inhibitor should not be given
’coge’cher.
® PDE-S inhibitors should not be given odong with nitrites — < /¢ like syncope
con occuy.

Pros‘ca%clin poednuoaﬂ therapies :
Drugs : gpoprostencl, Treprostini, lloprost, Beroprost.

gpoprostenol :
* Shorter half lite.
* Route of administration : 1/V infusion.
® Dose should be titrated $rom lower dose +o higher dose.
* Increased risk of sepsis with catheter — gocterenia.

Treprostinil :
* Route of administration : Subcutoneous.
* 0/e: rfoin of the site of injection.
* Cannot be used for immediate relie? as it takes time to titrate the dose.
* Inhalational route of drug is under trial.

lloprost : Route of administrotion — Inhalational.
Beroprost :

® Route of administrodion : Oral.

® Not used r\owadags.
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