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               Causes & Diagnosis

Pulmonary Hypertension with left 
heart disease 





Definition

¨ PH is defined by mPAP >20mmHg

¨ Haemodynamic assessment by RHC

¨ mPAP =  2dPAP+sPAP / 3 mm Hg(RHC)

¨ m PAP=0.65*PASP +0.55 mm Hg (ECHO)¨ m PAP=0.65*PASP +0.55 mm Hg (ECHO)

¨ PH is caused by left heart disease or parenchymal lung



Haemodynamic definitions of PH



Clinical classification









Overlap Between Hemodynamic and 
Clinical Classification of PH





PH  Diagnosis



PH  Diagnosis

o Clinical presentation
o ECG
o C  x  ray
o Echocardiography
o Pulmonary functions test & ABG
o Ventilation \perfusion lung scano Ventilation \perfusion lung scan
o Contrast \non con CT scan digital subtraction angiography
o Cardiac MRI
o Blood tests and immunology
o Abdominal ultrasound
o Cardiopulmonary exercise testing
o Right heart catheterization, vasoreactivity, exercise, and fluid 

challenge



Clinical symptoms





ECG





Chest roentgenogram

¨ The chest x- ray is abnormal in 90% of PAH 

¨ Central pulmonary artery dilation

¨ Peripheral dearborization

¨ RA  RV enlargement¨ RA  RV enlargement

¨ The presence of lung hyperinflation, or other 
features of primary lung disease, 





Pre C PHT      



Post C PHT



Echocardiography

¨ Right and left heart morphology, RV and LV function, 
and valvular abnormalities, 

¨ Gives estimates of haemodynamic parameters

¨ Detects  the cause of suspected or confirmed PH, ¨ Detects  the cause of suspected or confirmed PH, 
associated with LHD or CHD

¨ Agitated saline- enhanced echocardiography



Echocardiography

¨ Disadvantage

¨ Can,t determine right atrial pressure, PVR,PAWP

¨ Wide chest anterior- posterior dimension

¨ COPD¨ COPD

¨ 1/3 PH (PASP is unmeasurable)

¨ Echocardiography alone is insufficient to confirm a 
diagnosis of PH, which requires RHC







Transthoracic echocardiographic 
parameters    



Transthoracic echocardiographic
parameters



Transthoracic echocardiographic 
parameters

mPAP= 79- (0.45*PAcT)



The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete the image and then insert it again.



Transthoracic echocardiographic 
parameters





Transthoracic echocardiographic 
parameters



Transthoracic echocardiographic 
parameters





Right heart catheterization

The gold standard diagnostic test

1- RHC
2-Vasoreactivetity
3- Exercise3- Exercise
4-Fluid challenge



Catheters

¨ pulmonary balloon- tipped flotation catheters 
with multiple lumens for pressure recording and a 

thermistor sensor (Swan- Ganz)
¨ Single-lumen balloon wedge catheters, larger caliber, 

less catheter whip artifact less catheter whip artifact 
¨ Easy to advance into the right atrium, the right ventricle, 

and on to the pulmonary artery and PCW position 
¨ pressure tracings alone, or with fluoroscopy







Right  heart catheterization

¨ the gold standard for 
diagnosing and 
classifying PH.

¨ haemodynamic
¨ assessment of heart or 

¨ Serious adverse events 
(1.1%) and procedure-
related mortality 
(0.055%) .

¨ A known thrombus or ¨ assessment of heart or 
Lung transplantation .

¨ evaluating congenital
cardiac shunts.

¨ A known thrombus or 
tumor in the RV or RA.

¨ recently implanted (1 
month) pacemaker, 
mechanical right heart 
valve, TriClip

¨ acute infection





Right  heart catheterization

¨ SaO2analysis in different cardiac compartments

¨ intravascular and intracardiac pressure 
measurement

¨ CO assessment, and PAWP measurement ,PVR¨ CO assessment, and PAWP measurement ,PVR



RHC

¨ A complete assessment of cardiopulmonary 
haemodynamics.

¨ Cardiac output (CO) should be assessed by the 
direct Fick method or thermodilutiondirect Fick method or thermodilution

¨ pressure measurements  should be performed at 
end expiration(without breath-holding manoeuvre).



74%



 O2 LEFT- TO- RIGHT/RIGHT –TO- LIFT

¨ Pa sat >80% = L to R shunt

¨ Aa sat < 93% = R to L shunt

¨ PA > SVC  8%   =L to R

¨ An inter- atrial shunt ( Low, mid, and high RA)  ¨ An inter- atrial shunt ( Low, mid, and high RA)  

¨ An inter-ventricular shunt ( RV inflow tract, apex, 
and outflow tract )



Notes

¨ Any increase > 5%

¨ A small L to R shunt might be missed 

¨ The catheter should always be directed away from 
the coronary sinus ( the lowest Sat)the coronary sinus ( the lowest Sat)

¨ oxygen saturation in the IVC >SVC

¨ Flamm’s formula 

Mv O2= = ( 3 × SVC O2 + IVC O2)/4



Haemodynamic measures obtained
         during RHC 

 





Cardiac Output Measurements 

¨ Thermodilution Method  (Td)

¨ Fick Method

¨ The indirect Fick method is considered to be less 
reliablereliable

¨ Td+ Fick Method is  superior to fick alone



Thermodilution Method

¨ injection of a saline bolus 
cooler than  blood 
temperature

-The faster the circulation
( cardiac output) the 

- less accurate in 
tricuspid regurgitation
-pulmonic regurgitation 
intracardiac shunt
- low cardiac output  
- irregular rhythms. quicker the neutralization    

of the temperature change
- easy to use

- irregular rhythms. 





Fick method 

Fick 



    Fick method 

¨ The pulmonary blood flow equals the systemic 
blood flow PBF = SBF

¨ The same number of red blood cells (RBCs) 
that enter the lung must leave the lung that enter the lung must leave the lung 

¨ The difference in the concentration of oxygen 

between arterial and venous blood and the 

rate of oxygen uptake in the lung





Fick method 

¨



Blood Flow

¨ PBF = VO2 ÷ [(PvO2 ‒ Pa O2) × Hb × 1.36 × 10]

¨ SBF =VO2 ÷ [( SaO2 ‒ Mv O2) × Hb × 1.36 ×10]  

¨ PBF = SBF

¨ Qp/Qs =( 2−Mv 2)/( 2− 2)¨ Qp/Qs =( 2−Mv 2)/( 2− 2)

¨ Flamm’s formula :

Mv O2= ( 3 × SVC O2 + IVC O2)/4



Fick method           

¨





Vasoreactivity testing

¨ IPAH, HPAH, or DPAH

¨ Candidates for treatment with high-dose CCB

¨ CHD…. Defect closure

¨ PH-LHD…..Heart transplantation.¨ PH-LHD…..Heart transplantation.

¨ Inhaled nitric oxide or Iloprost .  

¨ IV epoprostenol.   Adenosine.
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Recommendations for vasoreactivity
testing



Fluid challenge

¨ HFpEF PAWP ≤15 mmHg .

¨ rapid infusion over( 5–10 min) of 500 mL NS.

¨ PAWP to ≥18 mmHg suggestive of HFpEF.

¨ There are insufficient data on the haemodynamic¨ There are insufficient data on the haemodynamic
response to fluid challenge in patients with PAH.

¨ Passive leg raise 



Exercise right heart catheterization

¨ Unexplained dyspnea and normal resting 
haemodynamic.

¨ Detect early PVD or left heart dysfunction

¨ prognostic and functional information in patients at ¨ prognostic and functional information in patients at 
risk of PAH and CTEPH

¨ exercise RHC may be combined with CPET

¨ All parameters at rest and peak exercise

¨ The mPAP/CO and PAWP/CO slopes 



Exercise right heart catheterization

¨ mPAP/CO slope >3 (PAWP/CO slope <2 ) = PVD

¨ PAWP/CO slope >2 =LHD (MR, HFpEF) 

1-A PAWP > 25 mmHg during supine exercise

has been recommended for diagnosing HFpEFhas been recommended for diagnosing HFpEF

2- lung disease intrathorasic pressure  ( RAP  mPAP)



Recommendations for right heart 
catheterization 





Pulmonary hypertension
associated with left heart disease   

¨ Left-sided valvular heart disease

¨ Cardiomyopathy 

¨ Ischemic heart disease

¨ HFpEF HFrEF HFmrEF¨ HFpEF HFrEF HFmrEF

¨ Congenital heart disease (L to R) shunt

¨ Eisenmenger syndrome (R to L) shunt



Pulmonary hypertension
associated with left heart disease



Definition

¨ mPAP >20 mmHg and a PAWP >15 mmHg.

- IpcPH is defined by PVR ≤2 WU

- CpcPH is defined by PVR >2 WU

¨ PH- LHD  65–80% of cases¨ PH- LHD  65–80% of cases

¨ 40–72% in patients with HFrEF

¨ 36–83% in those with HFpEF



Pathophysiology

¨ An initial passive increase in LV filling pressures 
and  backward transmission into the  pulmonary 

circulation

¨ PA endothelial dysfunction ( vasoconstriction)¨ PA endothelial dysfunction ( vasoconstriction)

¨ vascular  remodeling (both venules and/or 
arterioles)

¨ RV dilatation/dysfunction and functional TR

¨ altered RV–PA coupling







Prognosis 

¨ LHD increase PHT –PVR        worse outcome

¨ a PVR ≥2.2 WU increase mortality

¨ CpcPH risk of mortality increase with PVR

¨ a PVR  > 5 WU ( HFrEF HFpEF VHD)¨ a PVR  > 5 WU ( HFrEF HFpEF VHD)

¨ Elevated PVR associated with decreased survival 

(patients undergoing interventions for correcting 
valvular heart disease,heart transplantation , LVAD

PH   RV  dysfunction   high mortality



Heart Failure and Cardiomyopathy

¨ Ischemic

¨ infiltrative 

¨ Hypertensive 

¨ substance abuse cardiomyopathy¨ substance abuse cardiomyopathy



Heart Failure and Cardiomyopathy

HFrEF

¨ The prevalence of PH in HFrEF is 30% to 50%

(PASP cut off >45 mmHg) (mPAP >30mmHg)

mPAP = 0.65 × PASP + 0.55 mm Hg.mPAP = 0.65 × PASP + 0.55 mm Hg.
- PH is present in 62% to 77% of HFrEF patients

- PASP (5mmHg)  increase mortality by 6-8 %

- mPAP (5mmHg) increase mortality  85%  in myocarditis



Pathophysiology

¨ CpcPH vs. IpcPH and elevated PVR    
increased RV afterload . Dysfunction RV

¨ RV dysfunction is predictors of mortality

¨ Other causes ¨ Other causes 

CTEPH 

PAH

COPD

Sleep Apnoea



Heart Failure and Cardiomyopathy

HFpEF

¨ 80% of HFpEF patients have PH(PASP >35 mm Hg)

¨ 30% mortality risk increase per 10 mm Hg PASP

¨ 50 %        mPAP > 25 mm Hg¨ 50 %        mPAP > 25 mm Hg

¨ 50 %  HOCM  have PH

¨ HFpEF, where RV dysfunction , but not LV



Valvular Heart Disease

¨ Aortic  valve disease

- stenosis   AS

- Regurgitation    AR

¨ Mitral valve disease¨ Mitral valve disease

- Stenosis   MS

- Regurgitation  MR



Mitral valve disease

Mitral  stenosis  MS

¨ PH > 50% of patients MS

¨ Sever PH >60 mm Hg

- restenosis following mitral balloon valvuloplasty- restenosis following mitral balloon valvuloplasty

-decreased 3- year survival following valvotomy

- virtually all patients with severe  MS  



Mitral valve disease

Mitral regurgitation MR
1 - Most patients with degenerative or functional MR
2- positive association between MR grade and PASP

3- The average 5- year survival rate among primary MR
is 25% less with PH /without PHis 25% less with PH /without PH



Aortic Stenosis

¨ 30% and 36% of asymptomatic AS | mild PH

¨ 20 %  sever PH

¨ 60%   have PH



PH with adult congenital heart

¨ PH in adults with CHD has a negative impact on the 
natural course of CHD and worsens clinical status 
and overall outcome

¨ ASD  VSD  PDA ¨ ASD  VSD  PDA 



PH with adult congenital heart

¨ 3–7% of patients with adult CHD

¨ Female

¨ underlying lesion

¨ age and age at defect closure¨ age and age at defect closure

¨ 3% after correcting a simple cardiac defect 



Eisenmenger syndrome

¨ Advanced form of adult CHD-associated PAH
¨ Shunt R to L
1- multiorgan effects of chronic hypoxaemia
2-cyanosis
3-haematological (secondary erythrocytosis3-haematological (secondary erythrocytosis

and thrombocytopenia)



Diagnosis 

¨ Medical history, physical examination

¨ Imaging (especially echocardiography)

¨ Right heart catheterization ((Qp/Qs)

¨ Direct Fick method¨ Direct Fick method

¨ PVR

¨ Pulmonary vascular resistance may be 
overestimated due to erythrocytosis



Clinical classification of PHT 
associated with congenital heart 
disease





New     but         Strange

جدید-١
مرضیة معروفة باكتریااو اي فیروس او   بالكورونالاعلاقة لھ -٢
سنة ٢٠السیدات غالبا فوق ال  -٣
)  الاسناخ) (خاصة  القصبات القصیبات(كامل النسیج الرئوي -٤ )  الاسناخ) (خاصة  القصبات القصیبات(كامل النسیج الرئوي -٤
تتھم دور الازیاء   بنقل العدوى -٥
لا لقاحات.....لا علاج -٦
)الحملقةیفضل عدم (غض النظر...ینصح  الابتعاد -٧
٨-Paparazzi 
)١٨(+++تحذیر اسري  -٩



حصري مؤتمر طب وجراحة الصدر 
٢٠٢٢طرطوس 
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Thank to your attention 




