
Pulmonary complications of liver disease 

Sarah Raevens, MD, PhD 
UZ Gent 
 
 
Dutch Liver Week 2019 



No disclosures 

 

 



 

Recognition and diagnosis of pulmonary complications of liver disease 

 

Implications on prognosis 

 

Management options – place of liver transplantation 

 

Learning objectives 



Case 

40-year old woman with alcoholic cirrhosis, MELD 22 

 

History: 

- childhood asthma 

- 1999: cholecystectomie 

- 2001: reflux esophagitis 

- 2004: cirrhosis, varices, mild ascites 

 

 

Meds: 

- Furosemide 40 mg 

- Spironolactone 150 mg 

- Propranolol 40 mg 2dd 

- Pravastatin 40 mg 

 

 
Progressive dyspnea 2 months… 

Differential diagnosis – investigations? 



Investigations 

Labs: unchanged, normal leukocytes, normal CRP 

 

 

 SaO2: 93% 

Pulmonary function test: 

- DLCO 40% predicted 

- No obstruction 

- Mild restrictive changes 

Differential diagnosis – exclusions – further examinations? 



Investigations 

Echocardiography: EF 55% nl Ao valve, nl Mi valve, RVSP: 32 mmHg 

 

 

 

Microbubble echocardiography: delayed opacification of the left system 

Differential diagnosis?  

ABG: pH 7,6, PaO2 69 mmHg, PaCO2 26 mmHg 



Pulmonary complications of liver disease 

HEPATOPULMONARY 
SYNDROME 

 

PORTOPULMONARY 
HYPERTENSION 

 

state of the art and what’s new 



1. liver disease, most commonly cirrhosis  

2. intrapulmonary vascular dilations (IPVDs) – shunts  

3. abnormal gas exchange: P(A-a) O2 gradient ≥ 15 mmHg  

Hepatopulmonary syndrome (HPS) 

Diagnostic criteria – triad  

Prevalence: +- 30%, underrecognized  

No association with severity of liver disease 



ASYMPTOMATIC! 

Cyanosis 

Clubbing 

Spider angiomata 

Platypnea - orthodeoxia 

Clinical features 



Screening and diagnosis 

1. liver disease 

2. IPVDs 

contrast-enhanced echocardiography 

gold standard 

hand-shaken saline  microbubbles >10 micron 

+: DD intracardiac shunts (<3 heart cycles)  



Screening and diagnosis 

1. liver disease 

2. IPVDs 

contrast-enhanced echocardiography  

99m-Technetium-labeled macroaggregated albumin (MAA) scan 

MAA >20 micron  uptake in brain and kidneys 

+: quantification of shunting, -: no DD intracardiac shunts 



Screening and diagnosis 

3. impaired gas exchange 

 

- diagnosis: always with ABG: P(A-a) O2 gradient ≥ 15 mmHg  

- screening: pulse oximetry: SaO2 <94% detects all HPS pts with PaO2 <60 mmHg (spec 88%) 

Abrams et al, Liver Transp 2002 



Pulse oximetry is not sufficiently sensitive to screen for HPS in LT candidates 

Forde et al, Hepatology 2019 

PVCLD2 study: multicenter, prospective cohort study USA 

363 pts evaluated for LT, 75/363 HPS  





Other investigations 

Pulmonary CT 



Other investigations 

Pulmonary angiography 

Type I  

diffuse, small 

Type II 

focal, big 
coiling 



Pathophysiology 

1. V/Q mismatch 

2. Diffusion restriction 

3. AV communications 



Pathogenesis 

Rodent studies  

Common bile duct ligation 

Raevens et al, Hepatology 2019 

shunt 



Natural history and prognosis 

Untreated:  

median survival 24 months, 5-year survival rate 23% 

(non-HPS 87 months, 63%) 

PVCLD study 

HR 2.41, 95%CI 1.31-4.41  

after adjustment for age, sex, race, LT, MELD 

PaO2 decreases in 85% of patients over time, average -5 mmHg per year 

Fallon et al, Gastroenterology 2008 



Treatment options 

Medical 

 methylene blue (guanylate cyclase inhibitor) 

 L-NAME (NO inhibitor) 

 pentoxifylline 

 norfloxacin 

 MMF 

 … 

  ALL FAILED 

  no effective medical therapy 

Supportive - palliative 

 O2  

 coiling of large AV communications 



Treatment options 

Kawut et al, Liver Transpl 2019 

Sorafenib - first RCT in HPS  

28 HPS patients, CP-A-B, sorafenib 400 mg vs placebo 



Treatment options 

Kawut et al, Liver Transpl 2019 

Sorafenib - first RCT in HPS  

intrapulmonary shunting = 

PaO2 =  

6-MWD = 

circulating angiogenic factors = 

worse mental component score in sorafenib 



Treatment options 

Liver transplantation 

 The only treatment proven to be effective 

complete resolution in >80% of cases  

HPS with LT: 5-year survival 76% 
HPS without LT: 5-year survival 23% 

Swanson et al, Hepatology 2005 



Treatment options 

Liver transplantation 

 The only treatment proven to be effective 

complete resolution in >80% of cases  

HPS with LT: 5-year survival 76% 
HPS without LT: 5-year survival 23% 

Predictors of worse outcome 
  

PaO2 <50 mmHg 
shunt fraction >20% 

Swanson et al, Hepatology 2005 



Treatment options 

Liver transplantation 

 The only treatment proven to be effective 

complete resolution in >80% of cases  

Recurrence of HPS post-LT is possible… 
Transition to POPH is possible… 

HPS with LT: 5-year survival 76% 
HPS without LT: 5-year survival 23% 

Predictors of worse outcome 
  

PaO2 <50 mmHg 
shunt fraction >20% 

Swanson et al, Hepatology 2005 



Treatment options 

Liver transplantation 

hypoxemia in HPS is progressive and post-LT mortality is highest in patients with very severe HPS 
 

no correlation between HPS severity and the severity of the underlying liver disease 
 

only effective treatment option 

 HPS indication for LT 

 Creation of standard exception for severe HPS  



Treatment options 

Liver transplantation 

Eurotransplant criteria 

Initial SE MELD compatible with a 3-month probability of death of  
15% (a score of 22) in Austria, Belgium, Luxemburg, Germany, Slovenia and Croatia 
10% (a score of 20) in the Netherlands 
 
Exceptional MELD is reconfirmed every 90 days, update of +10% MELD equivalent 



Treatment options 

Liver transplantation PVCLD study USA, 2000-2012, 973 HPS SE 

• Overall survival is better in HPS compared to non-HPS 
• Pre-transplant mortality lower in HPS compared to non-HPS 
• Post-LT mortality non-HPS = HPS 
• PaO2 ≤44 mmHg: significantly increased post-LT mortality, 5-y survival 59% 

Goldberg et al, Gastroenterology 2014 



Treatment options 

Liver transplantation Eurotransplant study, 2006-2016, 88 HPS SE matched to 442 non-HPS 

• Overall mortality HPS = non-HPS  
• Pre-transplant mortality HPS = non-HPS  
• Post-LT survival rates 77% in HPS and 85% in non-HPS at 6m, 70% in HPS and 81% in non-HPS at 1y  

Raevens et al, Eur Resp J 2019 



Case 

40-year old woman with alcoholic cirrhosis, MELD 22 

 
Progressive dyspnea 2 months… 

Echocardiography: EF 55% nl Ao valve, nl Mi valve, RVSP: 32 mmHg 

 
Quid? 

normal? 
further investigation?  



Case 

Right heart catherization: mPAP 27 mmHg, PVR 290 dyne.s.cm-5, PCWP 12 mmHg 

 

PVR = (80x(mPAP–PCWP))/CO 

 
What’s next? 



1. Portal hypertension (with or without cirrhosis) 

2. mPAP >25 mmHg 

3. PCWP <15 mmHg 

4. PVR >240 dyne.s.cm-5 

Portopulmonary hypertension (POPH) 

Diagnostic criteria – triad  

Prevalence: 5% 

No association with severity of liver disease 



Screening and diagnosis 

1. portal hypertension 

2. pulmonary hypertension 

screening: echocardiography 

RVSP as an estimation of the sPAP 

Bernouilli equation: sPAP = 4 x (TR)2 + mRAP 

repeat every 3 months 

diagnosis: ALWAYS right heart catheterization! 

when? 



AUROC 0,974 

Raevens et al, Liver Transpl 2014 

-: false + -: false - 



mPAP PVR PCWP CO 

nl nl nl nl 

↑ 
 

↑ 
 

nl nl 

↑ 
 

nl nl ↑ 
 

↑ 
 

nl ↑ 
 

nl 

normal 

pulmonary arterial hypertension 

hyperdynamic circulation 

fluid overload 

Interpretation of right heart catheterization measurements 



Pathogenesis 

Hyperdynamic circulation  shear stress  endothelial injury  VC and vascular remodeling 

Vaso-active substances (ET-1, IL etc) and portosystemic shunts  

obstruction of flow 

increased PVR 

right heart failure 



Natural history and prognosis 

POOR PROGNOSIS IF LEFT UNTREATED! 

 

Mean survival 15 months, 5-year survival 14% 

Swanson et al, Am J Transpl 2008 



Treatment options 

Medical: vasodilators 



Treatment options 

Medical: vasodilators, based on experience in PAH! 



Treatment options 

Medical: vasodilators, based on experience in PAH! 

non-specific ETA and ETB receptor antagonist, 20:1 ETA/ETB receptor selectivity 

selective ETA receptor antagonist, 100:1 ETA/ETB selectivity 

50:1 ETA/ETB selectivity, RCT in POPH NCT02382016 

caution: hypotension, worsening portal hypertension! 

potent, safety issues, rebound effects 

not tested yet 

currently in trial for POPH 



Treatment options 

Liver transplantation 

may be curative 
 

mortality increases with worsening pulmonary hypertension 
 
 

 Creation of standard exception for POPH 
 
 To prevent the progression of pulmonary hemodynamics that would preclude successful LT 



Treatment options 

Liver transplantation 

Eurotransplant criteria 

Initial SE MELD compatible with a 3-month probability of death of 25% (a score of 25) in Austria, Belgium, 
The Netherlands, Luxemburg, Germany, Slovenia and Croatia 
 
Exceptional MELD is reconfirmed every 90 days, update of +10% MELD equivalent 



Treatment options 

Liver transplantation 

May be unpredictable… 

 

mPAP 35-50 mmHg: 50% mortality  

mPAP >50 mmHg: 100% mortality  

29-64% of moderate/severe POPH can stop VD post-LT 



TAKE HOME MESSAGES 

• Pulmonary complications of liver disease are frequently asymptomatic and significantly affect prognosis.              

Therefore active screening during the pre-LT evaluation is required. 

 

 

• No medical therapies are available for HPS. LT is the only curative treatment option with excellent post-LT outcomes. 

 

• The mainstay of POPH is vasodilator treatment, which might represent a bridge to LT. 

 

• Both severe HPS and POPH with controlled pulmonary pressure can be granted a standard exception. 

 

 



THANK YOU FOR YOUR 
ATTENTION! 



 



Dyspnea in patients with liver disease – differential diagnosis 

asthma 

COPD 

interstitial lung disease 

... 

HHT 

α1-antitrypsin deficiency 

cystic fibrosis 

hepatopulmonary syndrome 

portopulmonary hypertension 

hepatic hydrothorax 

concomitant lung disease disease affecting lung and liver 

pulmonary complications of liver disease 



Raevens et al, Hepatology 2019 

Oxygen dissociation curve in cirrhosis 



Sorafenib study 

 



Severe post-transplant hypoxemia = need for 100% FiO2 to maintain a saturation of ≥ 85% 
 
6-21% of HPS patients  
 
Mortality of 45% 

Nayyar et al, Liver Transpl 2014 



Treatment options 

Other 

Considerations:  
 
• monitoring hemodynamics 
• have TEE available 
• cancel if mPAP >50 mmHg or therapy fails to lower mPAP below 40 mmHg 
• reperfusion phase = critical, have inhaled NO, IV prostacyclins and milrinone ready 
• ECMO for rescue 

Liver transplantation 

TIPS: contra-indicated! 
 
beta-blockers: to be avoided, EBL preferred  
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