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 PULMONARY EMBOLISM, 
PULMONARY 

HYPERTENSION 



Case report  

 29 yrs old  patient - ER with 

dyspnea, tachypnea and 

tachycardia, following a syncopal 

episode. He had experienced 

immobilization for one month 
(computer programmer and he 

had been working 18 hours a day 

without rest periods for a month),  



Case report cont 

 oxygen saturation was 90%, and arterial blood 
gas analysis revealed hypoxemia (PO2 = 58 
mmHg) The results of chest wall examination 
revealed reduced breath sounds bilaterally at the 
lung bases. The findings of heart and abdominal 
examinations were unremarkable, but on 
examination of his legs, deep venous thrombosis 
(DVT) was noted in his left leg, with a positive 
Homans' sign in the left leg and the left calf 
measured 3 cm more than the right one. 

 DVT according to USG,   

 ventilation-perfusion scan - segmental perfusion 
defect, high probability of the presence of PTE  

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2767138/figure/F1/


Pulmonary embolism - 

common 

 

 Sudden dyspnoe, tachypnoe (more than 

24/min), tachycardia, sudden pleuritic 

chest pain, hemoptysis, pale skin or 

cyanosis, cough, horor mortis, syncope, 

shock 

 Most pulmonary thrombi are multiple , 

with the lower lobes being involved in the 
majority  



Embolism 



Pulmonary embolism - 

origin 

 

• FROM THROMBI (thromboembolism) 

Rarely emboli from 

•    FAT, AIR, AMNIOTIC FLUID, TUMOR 



Thromboembolism 

 deep venous system of lower extremities, 

 iliofemoral thrombi  

 pelvic veins  

 upper extremities 

 right heart  

 vena cava inferior 

 superior 

 



Venous thromboembolism  = 

DEEP VENOUS THROMBOSIS + 

PULMONARY EMBOLISM 





Forms of 

thromboembolism (TE) 

 Rapid  massive fatal  type of TE  within 2 hours – 

possible embolectomy a. pulmonalis  

 Slow  type  potential fatal TE –  several hours 
(thrombolytic therapy may be effective).  

 Benign (submassive) type TE (obstruction less than 

50 % of pulmonary vascular bed ), without signs of 

shock 

 Successive form -  repeated episodes of TE 



PE risk factors for deep 

venous thromboembolism - 

triad of Virchow 
 

 Endothelial injury   

 Stasis  

 Hypercoagulation status   



Fat embolism 

- occurs in pulmonary, cutaneous, neurological, 

retinal vessels  

- orthopedic trauma  

- during fixation of long bones  

- pancreatitis,   

- liposuction 



Air embolism 

- injections (300 ml), catheter (0,13 %), trauma, ORL, brain 

surgery, diving 



Amniotic fluid embolism 

 Age above 35 yrs 

 Ceasarean 

delivery 

 Multiparity 

 Placental 

abruption 

 



Risk factors for PE 

 Immobilization 

 Paralyzed limb  

 Surgery or trauma (hip...) 

 Increasing age  

 Malignancy (GIT, 

prostate, renal, ovarian, 

lung, renal, lymphoma, 

leukemia...) 

 Pregnancy 

 Abnormalities in coagulation ff 

(mutations factors V, II) 

 Deficit or resistance to protein 

C, S – decrease control of 

thrombin production 

 Hormon replacement therapy 

 Use of contraceptives 



 

chronic disease of pulmonary arteries characterized  

with PULMONARY ARTERY PRESSURE ELEVATION 

 

Pulmonary hypertension 



          Pulmonary hypertension results from  

reductions in the caliber of the pulmonary 

vessels   

and/or 

            increases in the pulmonary blood 

flow 

 

 

  



PH  - the mean pulmonary arterial 

pressure (mPAP) threshold exceeds   

20 mm Hg at rest  

           

Simonneau and  Hoeper, Eur 

Hear J 2019 



CLASSIFICATION OF PULMONARY 

HTN  (European Society of Cardiology) 

 Pulmonary arterial hypertension (PAH) 

 PH associated with diseases of  left ventrucle 

 PH associated with respir. diseases and/or 
hypoxemia 

 Chronic tromboembolic PH (CTEPH) 

 PH with multifactorial mechanisms 

 

                             Simonneau G et al. J Am Coll Cardiol, 2013 



Main mechanisms of PH 

Volume/pressure overload  

  

Hypoxic vasoconstriction 
 

Obliteration of pulmonary 
vascular bed 
 

 

                                        V H O  



Volume/pressure overload  

 
PH due to left heart disease  

  Systolic dysfunction (decreased EF)  

  Diastolic dysfunction (normal EF) 

  Valvular disease  

    -  mitral stenosis  

   -  aortic stenosis  

  



Hypoxic vasoconstriction 
 

    chronic obstructive pulm. disease COPD 

    high- altitude disorders,  

    hypoventilation disorders – sleep    

       apnea, neuromuscular,  interstitial lung dis. 

 

Hypoxia and endothelial dysfunction play a 
central role in the development of pulmonary 
hypertension 



Obliteration of pulmonary 

vascular bed 
 - pulmonary embolism (chronic recurrent)  

    

  

 



Pulmonary arterial hypertension 
 

1. Familiar 

2. Collagenosis 

3. Inborn cardiac defects with left- right 
shunt 

4. HIV infection 

5. Drugs/toxins (anorectic, amfetamin, 

     metamfetamin,cocain, cytostatics, TKI) 

6. Persistent fetal circulation 

Other 

Simonneau G, Gatzoulis MA, Adatia I, et al. Updated clinical classification of pulmonary hypertension. J Am Coll Cardiol 2013; 62: D34.            

https://doi.org/10.1016/j.jacc.2013.10.029
https://doi.org/10.1016/j.jacc.2013.10.029
https://doi.org/10.1016/j.jacc.2013.10.029


Pulmonary hypertension 

caused by LV diseases 

 LV diseases/LV failure 

 Left valvular defects  



 

PH associated with 

respiratory diseases and/or 

hypoxemia 
Pulmonary parenchymal  and interstitial disease 

-         chronic bronchitis (hypoxia) 

-         emphysema (destruction of pulmonary  vascular     

           bed) 

-         fibrosis 



Chronic bronchitis  

condition associated with excessive 

tracheobronchial musous production (cough, 

expectoration at least three months for > 2 years) – 3 
factors participating in obstruction of airways –  

 chronic inflammation,  

 bronchoconstriction,  

 decrease in lung tissue elasticity 



Emphysema   

 distension of air spaces distal to the terminal 

bronchioles with destruction of alveolar septa, 
collapse of airways during expiration, destruction 

of the pulmonary vascular bed, hypoxia and 
hypercapnia-induced vasoconstriction 



Pathomechanisms of PH in chronic 

obstructive pulmonary disease (COPD) 

 hypoxic pulmonary vasoconstriction, 

 polycythemia  

 destruction of the pulmonary vascular 

bed 

  hyperinfl ation  

 endothelial dysfunction 



Chronic arterial oxygen 

desaturation,  

Hypoxia – impaired oxygenation at cellular 

level  - disturbed generation of energy (ATP),  

Anaerobic metabolic processes - lactic acid is 

produced –acidosis - ion changes 

(accumulation of Na in cells, edema of cells, 

intracellular enzymes can be released – 

damaging cells). 



Chronic thromboembolic 

PH (CTEPH) 

   serious, 5- yr survival only 10% pts  

   

   incomplete lysis of emboli (about 4%     

      after PE may develop CTEPH) 

 

  multiple perfusion defects from multiple     

     organized tromboemboli 

  

   30% pts  progressive right heart failure   

       without any TE history 

 



CTEPH 

 TE have functional consequence on other 
non-obliterated regions -  dysbalance 
between procoagulation and 
anticoagulation after PE 

 

 Abnormal Tr (increased spontaneous 
agregability) 

 

 Endothelial dysfunction 

 

 Thrombus can attract many vasoactive and 
inflammatory, mitogenic  substances 



CTEPH 

Risk factors: 

 Young age 

 Central venous catheter – infections 

 Chronic inflammatory processes 

 Malignancies 

 Hypothyreosis and substitution therapy... 

 



Diagnosis of PH 

 Clinical picture 

 Arterial blood gas 
determination 
(hypoxemia) 

 Angiopulmography 

 Computer 
tomography 

 Chest radiography 

 Echocardiography 

 ECG 

 Ventilation-
perfusion lung 
scan 

 Pulmonary 
function tests 

 Right heart 
catheterization 



Therapy of massive PE 

 Thrombolytic (dominant in 90% pts) 

 Anticoagulant 

 Surgical  

 Transvenous catheter pulmonary 

embolectomy using venous catheter  

under angiographic control 



Mortality from PH 

Prognosis for PAH and CTEPH 

patients remains poor (even with 

current  modern specific drug 

treatment)  

PAH - mean 5-year survival rates of  

   57%-59% 

Inoperable CTEPH 53%-69%  



Time elapsed from the first 

symptoms to dg is 

sometimes long  

Dif. dg:  coronary artery disease, valvular defect, chronic bronchitis... 



•RV-  marked elevation of pulmonary 

artery pressure is associated with 

reduced right ventricular systolic 

function, increased right atrial and 

ventricular end-diastolic pressures 

•LV – diastolic and systolic volumes are 

decreased, small LV size, 

• Systematic vasoconstriction as 

compensatory mechanism 

•The most common cause of death – 

progressive right heart failure 

 



Cor pulmonale 

 An alteration in the structure and function of the right 
ventricle  of the heart caused by a primary disorder 
of the respiratory system   

 Cor pulmonale is a clinical term defined as an 
caused by a precapillary pulmonary hypertension. 

 Right-sided ventricular disease caused by a primary 
abnormality of the left side of the heart and  
congenital heart disease are not considered  cor 
pulmonale.   

  Cor pulmonale commonly has a 

-  chronic and slowly progressive course 

-  acute onset  or worsening cor pulmonale 



COR PULMONALE 

RV failure from pulmonary causes 

-distended neck veins 

-peripheral edema   

- ascites  

- cyanosis 

 



The most common cause  

of chronic cor pulmonale is 

chronic obstructive 

pulmonary disease.  



Acute cor pulmonale 

 form of acute right heart failure produced by a 

sudden increase in resistance to blood flow in the 

pulmonary circulation,  

 acute cor pulmonale is mainly observed as a 

complication of  

     - massive pulmonary embolism or  

     - acute respiratory distress syndrome.  



Acute cor pulmonale due to massive 

pulmonary thromboembolsim (MPTE) 

    MPTE means complete obstruction >50% of  pulmonary       

        vasculature – RV failure, decreased, cardiac  

        output, reduced cerebral blood flow 

 

    risk of shock, sudden death  

 

    massive pulmonary thromboembolism is serious  

        problem in many areas of medicine (high  

        incidence in surgery)  

 

    correct diagnosis of MPTE prior to death in only 20-30% pts 

 


