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Objectives

• Discuss updates in diagnostic criteria for pulmonary 
hypertension 

• Discuss contemporary management of pulmonary hypertension

• Discuss perioperative management of pulmonary hypertension



Epidemiology

• Incidence of 2.5-7.1 cases/million and prevalence ranging from 
5-52/million adults

• Average age 45-65

• 2-3:1 female to male

• Symptoms to diagnosis ranges from 18-32 months in most 
registries

• Methamphetamine-associated PH rising in incidence and 
prevalence (lifetime U.S. prevalence of 5.4% of meth use)

Prins KW, Thenappan T. World Health Organization Group I Pulmonary Hypertension: Epidemiology and 
Pathophysiology. Cardiol Clin. 2016 Aug;34(3):363-74.



Clinical Phenotypes– WHO Groups



Hemodynamic Criteria and Classification

Definition Hemodynamic characteristics

PH mPAP >20 mmHg

Pre-capillary PH
mPAP >20 mmHg 
PAWP ≤15 mmHg 
PVR >2 WU

IpcPH
mPAP >20 mmHg 
PAWP >15 mmHg 
PVR ≤2 WU

CpcPH
mPAP >20 mmHg 
PAWP >15 mmHg 
PVR >2 WU

Exercise PH mPAP/CO slope between rest and exercise 
>3 mmHg/L/min

PAWP/CO slope >2 mmHg/L/min may be the most specific 
hemodynamic marker of PH-LHD



Echocardiographic assessment of pulmonary hypertension: standard operating procedure
Luke S. Howard, Julia Grapsa, David Dawson, Michael Bellamy, John B. Chambers, Navroz D. Masani, Petros Nihoyannopoulos, J. Simon R. Gibbs
European Respiratory Review Sep 2012, 21 (125) 239-248



Patient Example– 35 y/o F

RHC
RA: mean 6 mmHg

RV: 46/5 mmHg

PA: 52/19 mmHg, mean 32 

PCWP: 6 mmHg

PA sat: 62%

Fick CO/CI: 3.4/1.8

Thermo CO/CI: 3.7/1.9

PVR: 7.6 WU

SVR: 31.3 WU

RV
LV

RA LA



Severity Indices / Risk Stratification

• 2 main scoring systems: Registry to Evaluate Early and Long-
Term PAH Disease Management (REVEAL), Comparative 
Prospective Registry of Newly Initiated Therapies for Pulmonary 
Hypertension (COMPERA)

• Initial assessment may include ERS/ESC 3 Strata Model (2022)

• Estimates mortality risk

• Relies heavily on functional class



35 y/o F cont
Functional Class: II
BNP: 104 pg/mL
6MWD: 340m
2: intermediate-low risk



Lan NSH, Massam BD, Kulkarni SS, Lang CC. 

Pulmonary Arterial Hypertension: Pathophysiology and 
Treatment. Diseases. 2018;6(2):38.





Continuous Prostacyclin Pumps

• No self-mixing with subcutaneous 
initiation, 3 days between cartridge 
change, less infection risk

• SQ sites last around 6-8 weeks
• Theoretically same plasma concentration 

after 6 hours
• Remodulin preferred over Flolan / Veletri 

due to longer half-life (4 hours)
• Look for Dosing Sheet or contact PH 

Coordinator



Sotatercept

• FDA Approved 3/2024

• Antiproliferative agent

• Subcutaneous injection every 
3 weeks



**Cardiopulmonary 
comorbidities are conditions 
associated with an increased 
risk of left ventricular diastolic 
dysfunction, and include obesity, 
hypertension, diabetes mellitus, 
and coronary heart disease; 
pulmonary comorbidities may 
include signs of mild 
parenchymal lung disease



Group 1 Treatment Considerations

• *Efficacy of drugs approved for PAH has only been demonstrated in 
patients with mPAP ≥25 mmHg and PVR >3 WU despite new 
definitions*

• No consensus on anticoagulation– likely harmful in scleroderma pts.

• Evaluation and treatment of Fe deficiency should be considered.

• Pregnancy should be avoided (11-25% maternal mortality)– CCBs, 
PDE5is, and inhaled/i.v./subcutaneous (s.c.) prostacyclin analogues 
are considered safe during pregnancy.

• In-flight oxygen administration is advised for patients using oxygen at 
sea level and for those with SaO2 <92%.



Patient Example– 35 y/o F cont

- Placed on ERA / PDE5i
- Echo and RHC 9 months 

later

AfterBefore
PA: 35/15 (23)

PVR (WU): 1.98
PA: 52/19 (32) 

PVR: 7.6 WU



Group 2 PH: PH associated with LHD

• 80-90% of pulmonary hypertension

• PCWP of 12mmHg is upper limit of normal– 15mmHg selected 
in most contemporary studies

• “…while acknowledging that any PCWP threshold is arbitrary 
and that the patient phenotype, risk factors, and 
echocardiographic findings, including left atrial (LA) volume, 
need to be considered when distinguishing pre- from post-
capillary PH”– ESC/ERS PH Guidelines

• Exercise provocation may be necessary to diagnose

• H2PEF Score useful



Group 2 PH Continued

Left atrial enlargement and LVH

Kavianipour, M., Farkhooy, A. & Flachskampf, F.A. Role of Echocardiography in the Diagnosis of Heart Failure 
with Preserved Left Ventricular Systolic Function: Update 2013. Curr Cardiovasc Imaging Rep 6, 523–533 
(2013).



Invasive Cardiopulmonary Exercise Test

• Unexplained dyspnea, 
longitudinal follow-up/ 
assessment of 
treatment, preoperative 
risk assessment.

• Patient had significant 
increase in PCWP and 
PCWP:CO slope (>2.5 
sensitive for HFpEF or 
group 2 PH).

Eisman AS, Shah RV, Dhakal BP, Pappagianopoulos PP, Wooster L, Bailey C, Cunningham TF, 
Hardin KM, Baggish AL, Ho JE, Malhotra R, Lewis GD. Pulmonary Capillary Wedge Pressure 
Patterns During Exercise Predict Exercise Capacity and Incident Heart Failure. Circ Heart 
Fail. 2018 May;11(5)



Therapy- Group 2 PH

• Treatment of HF / Valvular disease
• CardioMEMS
• GLP-1 agonist– STEP-HFpEF
• LA shunt device (ALT-FLOW II Trial)



Group 3 PH

• 90% of patients with GOLD stage 
IV COPD have mPAP of 
>20 mmHg. 1–5% of patients have 
severe PH (mPAP >35–40 mmHg).

• Severe (>mPA 35 and PVR >6) 
may have some response to 
systemic vasodilator therapy

• Tyvaso or Yutrepia mainstay of 
therapy (only med shown to 
improve 6MWT)

• FVC%/DLCO% > 1.39 has sensitivity 
of 96% and a specificity of 65% 
respectively*

Chaouat A, Bugnet AS, Kadaoui N, Schott R, Enache I, Ducolone A, Ehrhart M, Kessler R, Weitzenblum E. 
Severe pulmonary hypertension and chronic obstructive pulmonary disease. Am J Respir Crit Care Med. 
2005;172:189–194

Donato L, Giovanna Elisiana C, Giuseppe G, Pietro S, Michele C, Brunetti ND, Valentina V, 
Biase Matteo D, Barbaro Maria Pia F. Utility of FVC/DLCO ratio to stratify the risk of 
mortality in unselected subjects with pulmonary hypertension. Intern Emerg Med 2017; 12: 
319-326



INCREASE-ILD

• Tyvaso (inhaled Treprostinil) improved 6MWT in pts with PH-
ILD-- Also improved secondary endpoints: NT-proBNP and 
clinical worsening events

• Tyvaso nebulizer FDA approved in 2021 for PH-ILD

• Tyvaso DPI FDA approved in 2022

• Yutrepia FDA Approved 5/2025 



The PERFECT Trial 1/2024 

• Randomized, controlled, 
double-blind study of inhaled 
treprostinil in patients with 
COPD and associated 
pulmonary hypertension (PH-
COPD.

• Negative trial (stopped early)-- 
adverse response seen in 
36.4% (24/66) of the subjects 
compared to 27.6% (16/58) on 
placebo.

• No responders with RV/TLC 
ratios >60%

• Mean PA > 40mmHg and FEV1 
>40% predicted responded 
favorably.



Group 4 PH– Obstructive PA (CTEPH, 
Large Tumors)

• Estimated 0.4% to 4.8% pts 
will develop CTEPH after PE

• Normal perfusion scan 
excludes CTEPH with a 
negative predicted value of 
98%

• Need antiphospholipid testing 
(up to 10% of CTEPH pts)

• Warfarin better studied than 
DOACs



Group 4 Treatment

• Mortality rate of PTE <2% at 
expert centers

• 65% decrease in PVR after 
surgery

• Approx 25% have at least 
minor PH post-op

• Survival 83% at 5 years after 
PTE vs 53% medically 
managed.

• Riociguat and Remodulin only 
FDA approved med for CTEPH

• *Opsumit 75mg currently 
being studied

Hsieh WC, Jansa P, Huang WC, et al.
Residual pulmonary hypertension after pulmonary endarterectomy: a meta-analysis. J Thorac 
Cardiovasc Surg 2018; 156: 1275–1287



Group 5 PH

• Pulmonary hypertension with unclear and/or multi-factorial 
mechanisms; limited efficacy of PH medications in general.

• Hematologic disorders (SCD– 6-10% have PH), sarcoidosis (6-
20% PH), ESRD among the most common.

• 65% of ESRD pts on HD have post-capillary PH

• Tumor-associated PH– tumor cell microemboli is likely under-
diagnosed.



Future Risk Stratification / Surveillance

• Improved screening, including AI-ECG and 
TTE.

• Cardiac MRI- derived RVEDVi and RV-PA 
Coupling Estimation can help suggest who 
may benefit from targeted PH therapies 
among mixed phenotypes.

• Serial assessment of RVEDVi can be useful 
for treatment response.

• Use of CardioMEMS.

• Use of CPET, Invasive CPET, and Echo 
CPET to objectively evaluate functional 
limitation, risk stratify, and tailor therapy.

• Genetic testing with early treatment of 
affected family members



• (Afterload Reduction To
Improve Right 

Ventricular Structure A
nd FuNction)

• CardioMEMS and PH 
therapy to target mPAP 
<35mmHg

• Primary endpoint: 
change in RV ejection 
fraction from baseline 
to Month 12



Sotatercept Addition

70 y.o. male w/ severe pulmonary hypertension FC III on subcutaneous remodulin therapy 

(60ng/kg/min), Parenchymal lung disease w/ chronic hypoxic respiratory failure on 6-8L/min O2

CardioMEMS 6/2024; Sotatercept 7/2024



Perioperative Fundamentals

• Continue PH medications in the perioperative period

• The right ventricle is fluid and afterload sensitive– not all 
vasoactive meds are the same!

• Volume– less is more

• Avoid hypoxia



Keep it simple



Optimize Volume Status

D2 may be where 

many 

decompensated 

PH patients lie on 

the FS curve



Optimize Inotropy

• Dobutamine is best studied 
with less systemic 
vasodilation than milrinone, 
although both are generally 
safe.

• Inhaled nitric oxide or veletri 
should be considered for RV 
afterload reduction in the 
acute setting.

Nowroozpoor A, Malekmohammad M, Seyyedi SR, Hashemian SM. Pulmonary 
Hypertension in Intensive Care Units: An Updated Review. Tanaffos. 2019;18(3):180-207.



Systemic Perfusion

Maintaining adequate BP is especially important in patients with PH

Systemic 

hypotension

Decreased 

coronary perfusion 

pressure

Myocardial ischemia 

& right heart failure

Which vasopressor(s) should you use?



Consider PVR/SVR Effect
• Vasopressin (AVP) 

increases SVR without 
significantly increasing 
PVR– This is generally the 
vasopressor of choice in 
PH patients.

• Norepinephrine (NAD) 
increased both SVR and 
PVR, however, is generally 
safe in PH.

• Phenylephrine 
disproportionately 
increases PVR so should 
be avoided in PH.

Nowroozpoor A, Malekmohammad M, Seyyedi SR, Hashemian SM. Pulmonary 
Hypertension in Intensive Care Units: An Updated Review. Tanaffos. 2019;18(3):180-207.



OUR PEOPLE

• PH COORDINATORS:
Monica Carter
Angela Culbreath

• REFERRALS:
HF Center: 918-574-9003
PH Phone: 918-264-2918


	Slide 1: Pulmonary Hypertension: Updates in Diagnosis and Management
	Slide 2: Disclosures
	Slide 3: Objectives
	Slide 4: Epidemiology
	Slide 5: Clinical Phenotypes– WHO Groups
	Slide 6: Hemodynamic Criteria and Classification
	Slide 7
	Slide 8: Patient Example– 35 y/o F
	Slide 9: Severity Indices / Risk Stratification
	Slide 10
	Slide 11
	Slide 12
	Slide 13: Continuous Prostacyclin Pumps
	Slide 14: Sotatercept
	Slide 15
	Slide 16: Group 1 Treatment Considerations
	Slide 17: Patient Example– 35 y/o F cont
	Slide 18: Group 2 PH: PH associated with LHD
	Slide 19: Group 2 PH Continued
	Slide 20: Invasive Cardiopulmonary Exercise Test
	Slide 21: Therapy- Group 2 PH
	Slide 22: Group 3 PH
	Slide 23: INCREASE-ILD
	Slide 24: The PERFECT Trial 1/2024 
	Slide 25: Group 4 PH– Obstructive PA (CTEPH, Large Tumors)
	Slide 26: Group 4 Treatment
	Slide 27: Group 5 PH
	Slide 28: Future Risk Stratification / Surveillance
	Slide 29
	Slide 30: Sotatercept Addition
	Slide 31: Perioperative Fundamentals
	Slide 32: Keep it simple
	Slide 33: Optimize Volume Status
	Slide 34: Optimize Inotropy
	Slide 35: Systemic Perfusion
	Slide 36: Consider PVR/SVR Effect
	Slide 37: OUR PEOPLE

