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Pulmonary Vascular Disease

Arthur Jones, EdD, RRT

Learning Objective
ÙDescribe the etiologies, 

manifestations, diagnostic techniques 
and current management strategies for 
pulmonary thromboembolism and 
pulmonary hypertension.

Pulmonary Thromboembolism

Definitions
ÙThrombus- stationery blood clot; 
such as in deep veins of legs (DVT) 
ÙEmbolus- blockage of an artery by 
matter; such as, a blood clot-
thromboembolism

Acute PE Epidemiology
ÙIncidence (US) - 650,000/yr.
ÙMortality > 15% for first 3 mo. after 

diagnosis
ÙIn 25% PE patients, first sign is 

sudden death
ÙThird most common cause of death
ÙLeading cause of maternal death

Acute PE Epidemiology
ÙMissed diagnosis of PE > 400,000/yr.
ÙAbout 100,000 patients die who 

would have survived with the proper 
diagnosis and treatment. 
ÙAutopsies find much greater 

incidence of PE among patient 
deaths than are diagnosed
ÙPE among hospital patients 

considered a public health crisis in 
the UK.
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Types of emboli
ÙThromboemboli- blood clots
ÙFat (lipid embolus) - fractured bones
ÙAir
udecompression illness
uparenteral injection

Types of emboli
ÙAmniotic - significant cause of 

maternal death
ÙSeptic
uthrombophlebitis
uIV drug abuse

ÙForeign substances - IV drug abuse 
(fillers; e.g., talc)
ÙWorms; e.g., schistosomiasis

Click to see Schistosoma. Mansoni
http://biology.nebrwesleyan.edu/courses/Labs/Biology_of_Animals/ ZooLab10/Schistosoma_wm_25X.jpg

Sites for embolism
ÙBrain- cerebrovascular accident 

(CVA)
ÙJoints- sickle cell crisis
ÙPulmonary arteries- pulmonary 

thromboembolism (our focus)

Risk factors
ÙInherited predisposition -

thrombophilia
uyounger patients
ufamily members with history

ÙDeep venous thrombi (DVT)
ustasis (immobility)
usurgery
utrauma

ÙMalignancy

Risk factors
ÙObesity
ÙMyocardial infarction
ÙPulmonary disease (smoking)
ÙPolycythemia
ÙPregnancy
ÙTrauma
ÙVascular catheters

PE Pathophysiology
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Perfusion of the lung
ÙPulmonary circulation
upulmonary arteries to alveolar 
capillaries
uperfuses alveoli for gas exchange

Click to see pulmonary circulation
http://www.bg.ic.ac.uk/Staff/khparker/homepage/BSc_lectures/2002/Pulmonary_anatomy.jpg

Perfusion of the lung
ÙBronchial circulation
uthoracic aorta to terminal 
bronchioles
uperfuses

ƒesophagus
ƒtrachea
ƒvisceral pleura
ƒairways to terminal bronchioles

Click to see bronchial circulation
http://www.lib.mcg.edu/edu/eshuphysio/program/section4/4ch4/s4ch4_3.htm

Perfusion of the lung
ÙAnastamoses between pulmonary 

and bronchial circulations
ubronchioles to pulmonary capillary 
beds
ubronchial circulation increases flow 
through anastamoses to compensate 
for pulmonary embolism

Click to see peripheral bronchial and pulmonary circulation
http://commons.wikimedia.org/wiki/Image:Bronchial_anatomy_with_description.png

Perfusion of the lung
ÙPulmonary infarction results from 

embolization of medium-size 
pulmonary artery; compensatory 
bronchial circulation causes 
reperfusion injury, hemorrhage

Click to see pulmonary infarction
http://library.med.utah.edu/WebPath/ATHHTML/ATH033.html

Development of thrombi
ÙBlood clots in deep vein
ucalf
uthigh
upelvis - frequently fatal
uaxillary, subclavian - frequently fatal

Development of thrombi
ÙBlood clots in deep vein
ucalf
uthigh
upelvis - frequently fatal
uaxillary, subclavian - frequently fatal

ÙClotting predisposed by:
uhemostasis
ucoagulopathy

ÙClot breaks off, flows to lung
Click to see video of DVT & pulmonary embolism
http://video.google.ca/videoplay?docid=-9193321282887113683&vt=lf&hl=en
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PE pathophysiology
ÙHemodynamics - severity depends 

on size of embolus
uphysical obstruction
urelease of vasoconstrictors
uhypoxemia of distal lung causes 
vasoconstriction
uacute pulmonary hypertension

Click to download excellent article on pulmonary 
vascular pathophysiology
http://radiographics.rsnajnls.org/cgi/reprint/20/2/491

PE pathophysiology
ÙHemodynamics
uacute pulmonary hypertension
uincreased right ventricular afterload

ƒventricular dilatation
ƒinterseptal bulging to left
ƒleft ventricular impairment
ƒright ventricular infarction - release 
of troponin, brain natriuretic peptide 
(BNP)

PE Pathophysiology
ÙGas exchange O2
unon-perfused lung - increased VQ 
(dead space units)
ublood directed to other units  
decreases their VQ (shunt)
uoverall, mixed VQ defects
ualveolar hemorrhage and atelectasis 
may contribute to hypoxemia
uif patent foramen ovale, then right-
to-left shunt (severe hypoxemia)

PE Pathophysiology
ÙGas exchange - CO2
utachypnea - arterial hypocapnea
ualveolar dead space - alveolar 
hypocapnea, with increased 

P(a - E)CO2
uif hypercapnea ==>

ƒmassive embolus
ƒcomorbidity; e.g., emphysema

Click to download article on acute PE
http://circ.ahajournals.org/cgi/content/full/108/22/2726

PE Manifestations

Symptoms
ÙAnxiety
ÙChest pain
ÙChest wall tenderness (important)
ÙSyncope
ÙShortness of breath
ÙBack pain
ÙWheezing
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Physical signs
ÙTachypnea
ÙNew onset wheezes
ÙCrackles (usually with infarction)
ÙTachycardia
ÙFever
ÙDiaphoresis
ÙCyanosis
ÙHemoptysis
ÙThrombophlebitis

Massive PE
ÙDyspnea
ÙCyanosis
ÙAltered mental status
ÙCardiogenic shock
ÙCardiac arrest

Chest radiograph
ÙMay be normal
ÙUsed to rule out alternatives
ÙReduced distal vascular markings
ÙDilated pulmonary arteries
ÙAtelectasis - common with infarction
ÙWedge-shaped density - infarction
ÙPleural effusion - 1/3 of PE patients
usmall
uunilateral
ulikely to loculate

Electrocardiograph
ÙMay be unchanged from baseline
ÙMay suggest alternatives; e.g., MI
ÙMost common with PE
usinus tachycardia
uright axis deviation
uright bundle branch block

Blood gases
ÙNonspecific for PE
uhypocapnia
umild-severe hypoxemia

ÙSevere hypoxemia with patent 
foramen ovale - worsens with PEEP
ÙEnd-tidal CO2 & ABG used to 

measure VD/VT 

PE Diagnosis
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Goals for diagnostic techniques
ÙRule in/out PE
ÙRisk stratification to select 

treatment
urisk-benefits for drugs, 
interventions
uavoid costly procedures; e.g., 
imaging

Bases for diagnosis
ÙHistory
ÙPhysical findings
ÙLaboratory tests
ÙImaging

Clinical probability for PE
ÙWells score - parameters
uclinically suspected DVT
ualternative diagnosis is less likely 
than PE 
utachycardia 
uimmobilization/surgery in previous 
four weeks 
uhistory of DVT or PE  
uhemoptysis 
umalignancy (palliative treatment within 
6 months) Click for Wells score calculator

http://www.icumedicus.com/clinical_criteria/pe_wells_score.php

Clinical probability for PE
ÙWells score interpretations
uTraditional interpretation

ƒScore >6.0 - High  
ƒScore 2.0 to 6.0 - Moderate 
ƒScore <2.0 - Low 
uAlternate interpretation

ƒScore > 4 - PE likely ==> diagnostic 
imaging
ƒScore 4 or less - PE unlikely ==> 
D-dimer to rule out PE

Laboratory studies
ÙD-dimer - formed by lysis of fibrin 

(clot)
Ùincreased by:
uaging
uinflammation
umalignancy
uembolism

Ùnegative predictive value
Ùcombined with Wells score -

strong negative predictive value

Laboratory studies
ÙPotential markers for PE - need 

additional study
uC-reactive protein
uMyeloperoxidase
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Laboratory studies
ÙTroponin l - prognostic indicator
umarker for myocardial injury
uelevation suggest right ventricular 
overload
upeaks 4 hours after suspected PE
umay predict adverse outcome for 
PE
umay be used to select aggressive 
treatment

Laboratory studies
ÙBrain natriuretic peptide (BNP) -

prognostic marker
uelevated with right ventricular 
dysfunction
uelevation is proportional to 
severity of embolism

Pulmonary testing
ÙDead space measurement
uPE increases alveolar dead space 
and VD/VT

umeasurement requires ETCO2 and 
PaCO2
ucombined with negative D-dimer 
has strong negative predictive 
value
uresearch needed to standardize 
techniques and parameters for PE 
evaluation

Imaging
ÙComputed tomographic pulmonary 

angiography (helical, spiral)
uagrees with VQ scan for exclusion
udetects PE not found by VQ scan
uuseful in detecting alternative 
diagnoses

Click for algorithm of PE diagnosis with CT angiography
http://www.acponline.org/acp_press/essentials/cdim_ch80_wes03.pdf

Imaging
ÙMagnetic resonance imaging (MRI)
usimilar accuracy to CT scanning
ualso detects alternative diagnoses
uno ionizing radiation - safer for 
pregnant patients, esp. females
utechnology is advancing

Imaging
ÙPulmonary angiography
ucriterion standard for PE
uadverse effects - cannot be done on 
sickest patients
uexpensive

Click to see PE on angiography
http://video.google.ca/videoplay?docid=5891944428513598217&hl=en
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Imaging
ÙVentilation-perfusion (VQ) scan
uformer, usual test for PE
uif normal, excludes PE
usignificant number of abnormal 
scans do not have PE
uhigh probability scan - confirms PE

Click to see VQ scan with PE
http://www.med.yale.edu/intmed/cardio/imaging/cases/pulmonary_embolus1/perfusion.html

Imaging
ÙUltrasonography
udetection of DVT
upositive test ==> evidence of PE
unegative result suggests decreased 
risk for recurrence of PE
usafe- no ionizing radiation

Imaging
ÙEchocardiography
unot a routine test for PE
umay visualize central emboli
uidentifies cardiac dysfunction and  
alternative causes of hemodynamic 
compromise
udetects shunting through patent 
foramen ovale

PE Management
& Prevention

Respiratory Care
ÙOxygen - all PE patients
ÙVentilation - PEEP may open 

foramen ovale by increasing 
pulmonary vascular resistance
ÙETCO2 particularly useful - observe 

for changes in P(a - E)CO2

Anticoagulants
ÙReduce risk of additional clots
ÙSlow clot progression
ÙDo not dissolve clots
ÙLow molecular weight heparin
uEnoxaparin (Lovenox)
uArdeparin (Normiflo)
uDalteparin (Fragmin)
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Thrombolytics
ÙDissolve clots
ÙDefinite for massive PE
uclinical ventricular dysfunction
uhypotension
usevere hypoxemia

ÙControversial for submassive PE

Thrombolytics
ÙConsidered for all patients with PE & 

without contraindications; e.g.:
uprevious hemorrhagic stroke at any 
time 
uactive internal bleeding 
ususpected aortic dissection 
uacute pericarditis 

ÙDecrease mortality, morbidity, 
recurrence

Thrombolytics
ÙAgents
uTissue plasminogen activators 
(TPA)
ƒAlteplase (Activase®)
ƒRetaplase (Retavase®) 
ƒTenecteplase (TNK-tPA)
uStreptokinase (Eminase®) 
uUrokinase (Abbokinase®)

Invasive Interventions
ÙPercutaneous methods
ucatheter-directed thrombolysis
uembolectomy

ÙPulmonary endarterectomy
ucirculatory arrest
uhypothermia
userious postoperative complications

ÙEmbolectomy via thoracotomy

Link to article on invasive interventions for PE
http://circ.ahajournals.org/cgi/reprint/110/9_suppl_1/I-27

Prevention
ÙAnticoagulants
uheparin
uwarfarin (Coumadin)

ÙCompression stockings
ÙPneumatic compression
ÙPhysical activity

Prevention
ÙAir travel - longer flights, greater risk 

for PE
ÙPrevention
ufluids
uavoidance of alcohol and smoking
uloose clothing
uelastic support stockings
uavoidance of leg crossing
uphysical activity

Link to article on air travel and PE
http://content.nejm.org/cgi/reprint/345/11/779.pdf
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Prevention
ÙVena cava (Greenfield) filter
uespecially for patients with 
contraindications to anticoagulation
upercutaneous insertion
uoutpatient procedure
utemporary, retrievable filters are 
available

Click to see vena cava filter (need to scroll down)
http://www.gsirichmond.com/vasc_proc.htm

Pulmonary  Hypertension

Pulmonary Arterial Hypertension 
(PAH)
uElevated pulmonary artery pressure
uNormal = 13 mm Hg (mean)
uHypertension =  25 mm Hg (mean) 

at rest

PAH WHO Classifications
uGroup I - Pulmonary arterial 

hypertension (PAH)
Ùidiopathic- unknown etiology
Ùfamilial
Ùpersistent pulmonary hypertension 
of newborns (PPHN)
Ùassociated with

ƒportal hypertension
ƒcollagen dx
ƒHIV
ƒtoxins; e.g., Fen-Phen (litigation)

PAH WHO Classifications 
uGroup II - Pulmonary hypertension 

associated with left heart disease 
Ùleft-sided atrial or ventricular 
disease
Ùleft-sided valvular disease

PAH WHO Classifications
uGroup III - Pulmonary 

hypertension associated with lung 
diseases and/or hypoxemia 
ÙCOPD
Ùinterstitial lung disease
Ùsleep-disordered breathing
Ùchronic high-altitude exposure
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PAH WHO Classifications
uGroup IV - Pulmonary hypertension 

due to chronic thrombotic and/or 
embolic disease 

uGroup V - Miscellaneous 
Ùsarcoidosis
Ùhistiocytosis
Ùcompression of pulmonary 

vessels (neoplasms)

Acute PAH and Cardiac Interventions
ureperfusion injury- return of blood 

flow to ischemic myocardium-
'stunned myocardium'

udefinition- prolonged post-ischemic 
dysfunction of viable tissue 
salvaged by reperfusion.

Link to AHA article on reperfusion injury
http://circ.ahajournals.org/cgi/reprint/105/20/233
2

Acute PAH and Cardiac Interventions
ureperfusion injury
uoccurs after:
Ùcoronary thrombolysis
Ùpercutaneous coronary 
interventions
Ùcoronary artery bypass
Ùheart transplantation

NYHA Functional Classifications 
uClass I – no limitation of physical 

activity. Ordinary physical 
activity

uClass II – slight limitation of 
physical activity. 
Ùcomfortable at rest.
Ùordinary physical activity-
undue dyspnea or fatigue, chest 
pain, etc.

Link to NYHA Functional Classifications
http://www.cochranfoundation.com/docs/nyha-class.htm

NYHA Functional Classifications 
uClass III – marked limitation of 

physical activity. 
Ùcomfortable at rest. 
Ùminimal activity causes dyspnea, 
fatigue, chest pain

uClass IV – inability for physical 
activity without symptoms.
Ùright heart failure. 
Ùdyspnea and/or fatigue at rest. 
Ùdiscomfort with any physical 
activity.

PAH Manifestations
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Manifestations
uIncreased pulmonary artery 

pressure
Ùechocardiography - noninvasive
Ùright heart catheterization 
(definitive)

uRV hypertrophy
usevere hypoxemia, esp.  in presence 

of anatomic shunt (cyanosis)

Manifestations 
udyspnea, fatigue
usyncope
uchest pressure or pain. 
uedema- pedaledema, ascites
utachycardia, palpitations
ucan mimic asthma, especially in 

young persons

PAH Management

PAH General Management (first line)
uOxygen- reverses hypoxemic 

vasoconstriction
uAnticoagulants
uDiuretics 
uPotassium 
uInotropic agents
usee management algorithm at web 

address below.

Link to page with treatment algorithm for PHA (slide 7 on the page)
http://www.cardiosource.com/ExpertOpinions/hottopics/article.asp?paperID=54

Calcium channel blockers
uamlodipine (Norvasc)
unifedipine (Procardia)
udiltiazem (Cardizem)
uverapamil (Isoptan)

Endothelin antagonist
ubosentan (Tracleer)
Ùoral administration
Ùlikely to cause birth defects
Ùpotential for hepatotoxicity

Link to information on endothelin antagonists
http://www.medscape.com/viewarticle/423213_3
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Phosphodiesterase inhibitors
usildenafil (Viagra)
uvardenafil (Levitra)
utadalafil (Cialis)
umilrinone (Primacor)- nebulized for 

PAH from reperfusion injury

Link to information on phosphodiesterase inhibitors
http://cvpharmacology.com/vasodilator/PDEI.htm

Nitric oxide gas
uselectively dilates pulmonary 

vessels, because it is rapidly 
taken up by hemoglobin and 
neutralized

uEffects:
Ùdecreases pulmonary vascular 
resistance
Ùimproves V/Q matching by 
increasing blood flow to ventilated 
alveoli

Nitric oxide gas delivery
uDisadvantages of NO
Ùadditional equipment- iNOvent, 
monitors
Ùadditional training
Ùrebound PAH with cessation of 
delivery
Ùbottom line- very costly

Link to nitric oxide and PAH
http://cvpharmacology.com/vasodilator/PDEI.htm

Prostacyclins
uendogenous vasodilators
uprostaglandin i2 analogs 

(synthetic)
unon-acute indications
ÙWHO Group I
ÙNYHA Class III- IV severity
Ùfailure of other medications

Prostacyclins
uiloprost (Ventavis) -

prostaglandin i2 analog
Ùpotency > nitric oxide
Ùeffect duration = 120 min
Ùaerosol 2.5 or 5.0 mcg 6-9 times 
daily
Ùunit doses 2.5 or 5.0 mcg
Ùspecific nebulizers required

Click to see nebulizers for Ventavis
http://ineb.respironics.com/aad_products.asp

Epoprostenol (Flolan)
uShort-acting PGi-2
uLess expensive than iNO
uDuration of action 3-5 min.
uDelivery
Ùcontinuous infusion- acute or non-
acute care
Ùcontinuous aerosol- acute care 
alternative to nitric oxide

Link to Flolan information
http://www.flolan-center.com/pages/flolan_effective.html
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Epoprostenol (Flolan)
uDelivery by infusion
Ùsame indications as Ventavis for 
non-acute setting
Ùcost > $100,000/year
Ùhome care setting- patient has 
infusion pumps

Flolan acute care aerosol delivery
uIndications - severe PAH, refractory 

to standard therapy
Ùreperfusion injury; e.g., post-
cardiopulmonary bypass
Ùportal-pulmonary hypertension
Ùindependent or single-lung 
ventilation
ÙARDS
ÙPPHN
ÙRV failure
Ùseptic shock

Flolan acute care aerosol delivery
uprecautions/contraindications
Ùinterruption of delivery can result in 

rebound, death
Ùmay cause systemic hypotension 

(unlikely)
Ùmay cause hemorrhage
ÙFlolan is photosensitive, so must be 

shielded from light

Treprostinil (Remodulin)
uformulated for IV of SC injection
ufour hour duration of action
upilot studies of aerosolized 

treprostinil found sustained 
vasodilation (>3 H) with dosage 
delivered in a single breath

uadditional study required for aerosol 
route

Links to treprostinil (Remodulin)
http://jap.physiology.org/cgi/reprint/99/6/2363
http://www.rxlist.com/cgi/generic/remodulin_cp.htm
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