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Hepatopulmonary Syndrome (HPS)

"Hepatopulmonary syndrome is characterized by the triad 
of abnormal arterial oxygenation caused by intrapulmonary 
vascular dilatations in the setting of advanced liver disease, 
portal hypertension, or congenital portosystemic shunts."

Krowka MJ, et al . Transplantation 2016;100:1440-52.





Epidemiology of HPS
• Prevalence varies with the population of liver disease studied
• Can be seen with any form of liver disease

• Most commonly seen in patients with chronic liver disease and portal 
hypertension

• Rarely seen in acute liver disease (ie, acute hepatitis A)
• In patients undergoing liver transplant (LT), prevalence ranges 

from 5 to 30%

Schenk P, et al. Gastroenterology 2003;125:1042-52.
Swanson K, et al. Hepatology 2005;41:1122-9.

Fallon MB, et al. Gastroenterology 2008;135:1168-75.
Regev A, et al. J Viral Hepat 2001;8:83-6.

Fuhrmann V, et al. Gastroenterology 2006;131:69-75.



Pathophysiology of HPS
• Increased bacterial translocation and toxin release from portal hypertension can 

stimulate release of vasoactive mediators including nitric oxide (NO), endothelin-1 
(ET-1), and tumor necrosis factor alpha (TNF-� ) that cause pulmonary vasodilatation 
and angiogenesis

• The damaged liver produces vasodilators and also fails to clear these circulating 
vasodilators

• ET-1 production by damaged cholangiocytes upregulate NO production
• Serum NO levels are higher in those with HPS

Cremona G, et al. Eur Respir J 1995;18:1883-5.
Zhang HY, et al. World J Gastroenterol 2005;11:567-72.
Grace JA, et al. J Gastroenterol Hepatol 2013:28:213-9.



Ravenens S, et al. Liver Int 2015;35:1646-60.



Pathophysiology of HPS
• Vasodilators induce

1. Pulmonary capillary dilatation
2. Direct arteriovenous connections

• These intrapulmonary vascular dilatations (IPVD) have 
diameters from 15 to 500 � m (normal 8-15 � m)

• Causes ventilation-perfusion (VQ) mismatch 

Hedenstierna G, et al. Eur Respir J 1991;4:711-7.
Tumgor G. World J Gastroenterol 2014:20:2586-94. 



Grace JA, et al. J Gastroenterol Hepatol 2013:28:213-9.

Dilation of intrapulmonary 
capillary vessel results in 
diffusion limitation of 
oxygen from normal 
alveolus

Exacerbation of 
hypoxia related 
to shunting due 
to AV 
communication



Clinical Presentation of HPS
• Dyspnea on exertion or rest in setting of liver disease and 

portal hypertension
• Hypoxia

• Differential includes pneumonia, heart failure, renal failure, 
other pulmonary diseases

• Ascites and hepatic hydrothorax alone rarely causes hypoxia
• Platypnea/Orthodeoxia



Platypnea/Orthodeoxia
• Classic manifestation of HPS, but not pathognomonic
• Platypnea – increase in dyspnea induced by moving from lying down to upright

• Seen in 66% with HPS vs. 6% without HPS

• Orthodeoxia – decrease in arterial oxygenation tension by > 4mmHg or arterial 
oxyhemoglobin desaturation by >5% when the patient moves from supine to upright 
position
• Seen in 88% with HPS vs. 5% without HPS

• Preferential perfusion of IPVDs, which disproportionately occur in the lung bases, when 
upright, increasing V/Q mismatch

Younis I, et al. Ann Hepatol 2015;14:354-60.
Krowka MJ, et al. Transplantation 2016;100:1440-52.



Clinical Presentation of HPS

Spider angiomas - higher 
percentage seen in patients with 
HPS (48% vs. 17%)

Digital clubbing

Younis I, et al. Ann Hepatol 2015;14:354-60.



Imaging
• Chest X-ray

• Generally not helpful to diagnose
• Helpful in ruling out other causes of hypoxia (ie pneumonia, pulmonary edema)
• May see non-specific increase in interstitial markings at the bases

• High resolution chest CT
• Can see dilated peripheral pulmonary vessels
• Increased pulmonary artery diameter to bronchus diameter ratio

• Contrast pulmonary angiography
• Rarely used
• Type 1 – diffuse spidery abnormalities – good response to 100% inspired oxygen
• Type 2 – discrete pattern – localized arteriovenous communications – poor response to supplemental oxygen

• Pulmonary function test
• Helpful to evaluate for other etiologies
• Normal spirometry with normal lung volumes
• Diffusing capacity for carbon monoxide (DLCO) is usually impaired

Koksal D, et al. J Clin Gastroenterol 2006;40:77-83.
Krowka MJ, et al. Chest 1993;104:515-21.

Lima BL, et al. Mayo Clin Proc 2004;79:42-8.



Diagnosis of HPS
1. Hypoxia
2. Intrapulmonary shunt
3. Rule out other causes of hypoxia

Krowka MJ, et al. Transplantation 2016;100:1440-52.



Hypoxia
• Peripheral arterial oxygenation saturation <96% identifies all patients with PaO2 < 

70mmHg at sea level
• Arterial blood gas needed for diagnosis - resting, upright position in room air
• Impaired oxygenation defined by:

• Alveolar-arterial (A-a) gradient  > 15mmHg
• A-a gradient > 20mmHg if age > 65 years 
• PaO2 < 80 mmHg
• PaO2 < 70 mmHg if age > 65 years

Krowka MJ, et al. Transplantation 2016;100:1440-52.



HPS Severity
• Mild PaO2 > 80 mmHg
• Moderate PaO2 60-79 mmHg
• Severe 50-59 mmHg
• Very severe < 50 mmHg

Rodriguez-Roisin R, et a. Eur Respir J 2004;24:861-80.



Intrapulmonary Shunt
• Contrast-enhanced transthoracic echocardiography (CE-TTE)

• "Bubble study"
• Preferred first choice to evaluate right-to-left shunt

• Most sensitive and least invasive
• Normally contrast opacifies only right chamber as pulmonary capillary bed filters bubbles (normal 

capillary 8-15 � m and microbubbles > 10 � m)
• Opacifies left chamber if IPVD (15-500 � m) or right-to-left shunt present
• Intracardiac shunt – microbubbles appear in left atrium within 1 cardiac cycle after it appears in right 

atrium
• Intrapulmonary shunt – contrast appears in left atrium in 3 to 8 cycles
• Indeterminate – contrast appears within 1 to 3 cycles
• CE-TTE felt to have high sensitivity for diagnosis of shunt but not specific for HPS

Abrams GA, et al. Gastroenterology 1995;109:1283-8.
Krowka MJ, et al. Transplantation 2016;100:1440-52.





Intrapulmonary Shunt

• 100% oxygen method
• Macroaggregated albumin scan
• Contrast pulmonary angiography

• rarely use because it is invasive and reserved for suspicion of 
anatomic AVM that requires embolization



Rule Out Other Causes of Hypoxia
• Can have concurrent pneumonia, pulmonary edema, chronic obstructive pulmonary 

disease, pulmonary fibrosis, etc.
• Imaging and PFTs helpful to rule out other causes
• MAA scan may be helpful to determine if hypoxia is out of proportion to shunt 

fraction
• Important to determine if other causes of hypoxia because LT may improve HPS but 

not other causes of hypoxia



Natural History of HPS
• Patients with cirrhosis and HPS have worse outcomes

• After adjustment for age, sex, ethnicity/race, and Model for End-stage 
Liver Disease (MELD) score, there is increased mortality in those with 
HPS (adjusted hazard ratio 2.41; 95% CI, 1.31– 4.41; P = 0.005)

• Worse New York Heart Association functional class (P = 0.005)
• Worse quality of life with HPS in certain domains including mental health 

(p = 0.02) and general health (P = 0.006).
• HPS is progressive and cause of death usually multifactorial 

(hepatic failure, sepsis) rather than direct hypoxemic respiratory 
failure

Schenk P, et al. Gastroenterology 2003;125:1042-52.
Swanson K, et al. Hepatology 2005;41:1122-9.

Fallon MB, et al. Gastroenterology 2008;135:1168-75.



Cumulative Survival of Patients with (n=27) and without 
(n=84) HPS

Child-Pugh class C (0.26 vs. 3.82 months, P 0.01;
Figure 4B). In theHPSgroup, the degree of hypoxemia
correlated with survival: patients with more severe HPS
had a worse prognosis (Figure 5).

Cause of Death
Hemorrhagic shock caused by gastrointestinal

bleeding wastheleading causeof death (6 of 19, 32% in
patients with HPS; 9 of 42, 21% in patients without
HPS), upper gastrointestinal bleeding was reported in 5
patients with HPS(4 with esophageal varices) and in 7
patients without HPS(3 with esophageal varices), lower
gastrointestinal bleeding was caused by rectal varices in
3 patients (Table 3). This was followed by the hepato-

renal syndrome, present in 4 (21%) patients with and 9
(21%) patients without HPS. Five (26%) patients with
HPSand 8 (42%) patientswithout HPSdied becauseof
sepsis of different origin; 3 patients (1 with and 2
without HPS) had bilateral pneumonia. Hepatocellular
carcinoma was the cause of death in one patient with
HPS(relapse after OLT) and in 8 patients without HPS
(one patient developed multiple metastases after OLT).
Two patients with HPS died because of a stroke (one
patient had an embolicbrain infarct 2 monthsafter OLT,
and one patient had cerebral hemorrhage). One patient
without HPShad severe pulmonary bleeding associated
with disseminated intravascular coagulation. In 7 pa-
tients cause of death remained unknown.

Figure 2. (A) Cumulative sur-
vival rate of all the 111 pa-
tients with cirrhosis included in
the study. (B) Cumulative sur-
vival of patients with (n 27)
and without HPS (n 84). Sur-
vival was significantly different
(log rank test).

1046 SCHENK ET AL. GASTROENTEROLOGY Vol. 125, No. 4

Schenk P, et al. Gastroenterology 2003;125:1042-52.



Treatment
• Mainly supportive

• Supplemental oxygen to keep O2 saturation >88%
• Conflicting to little data on medical therapy for HPS

• Somatostatin
• Norfloxacin
• Garlic extracts
• Pentoxyfilline
• Transjugular intrahepatic portosystemic shunt (TIPS)
• Sorafenib

• May attempt pulmonary angiography to embolize large vascular anomalies 
in severe shunts (>20%) Rodriguez-Roisin R, et al. New Engl J Med 2008;358:2378-87.

Gupta S, et al. Clin Gastroenterol Hepatol 2010;8:1095-8.
Abrams GA, et al. J Clin Gastroenterol 1998;27:232-5.

Tanikella R, et al. Liver Transpl 2008;14:1199-203.
Corley DA, et al. Gastroenterology 1997;113:728-30.

Kawut SM, et al. Liver Transpl 2019;1155-64.
Grady K, et al. Respir Care 2015;60:e20-5.



Liver Transplantation
• HPS previously considered a contraindication if PaO2 < 50 mmHg
• Increasing literature in 1990s showing improved shunting and resolution of hypoxia after 

LT
• Poor outcomes without LT (20-26% 5 year survival)
• Severe HPS is now a clear indication for LT

Van Thiel DH, et al. Hepatology 1984;4:79S-83S.
Stoller JK, et al. Hepatology 1990;11:54-8.

Swanson K, et al. Hepatology 2005;41:1122-9.



Post-LT Outcomes
• UNOS data from 2002-2010 show excellent post-LT outcomes for 

HPS
• 1-year survival 90.6% (95%CI 88.1-92.6%)
• 3-year survival 81.2% (95%CI 77.6-84.3%)
• 5-year survival 75.5% (95%CI 71.2-79.3%)

• ~80% of patients have improvement or resolution

Freischlag KW, et al. Transplant Direct 2018;4:e349.
Yi SG, et al. Liver Transpl 2014;20:46-53.



Severe Pre-LT Hypoxia and Conflicting Outcomes
• Pre-transplant PaO2 < 44 mmHg does portend worsened survival after LT

• 1-year survival 84.4% (95%CI 72.2-91.6%)
• 3-year survival 68.1% (95%CI 52.9-79.4%)
• 5-year survival 59.0% (95%CI 40.9-73.3%)

• Multivariate HR 1.58 (95% CI 1.15–2.18), p=0.01
• Retrospective study show increased mortality for PaO2 < 50 mmHg and shunt fraction > 20%
• Prospective studies have shown no difference in outcomes of patients with PaO2 < 50 mmHg
• International Liver Transplant Society (ILTS) Guidelines suggest "increased MELD exception score" for PaO2 

< 50 mmHg

Arguedas MR, et al. Hepatology 2003:37:192-7.
Goldberg DS, et al. Gastroenterology 2014;146:1256-65.

Iyer VN, et al. Hepatology 2013;57:2427-35.
Krowka MJ, et al. Transplantation 2016;100:1440-52.



Very Severe Hypoxia
• No clear guidelines on eligibility of transplant for very severe hypoxia (PaO2 < 50 

mmHg or shunt fraction > 20%)
• Dearth of literature regarding combined liver/lung transplant for HPS

• Most combined liver/lung done for cystic fibrosis
• No clear criteria for consideration
• Previously series of combined liver/lung transplant have been highly selected patients – in a 

series of 8 patients (mean MELD 9 – none for HPS)
• Survival ranging from 71.4 to 91.6% at 1 year

Freischlag KW, et al. Transplant Direct 2018;4:e349.
Yi SG, et al. Liver Transpl 2014;20:46-53.



Summary

• HPS can be seen in our patients undergoing LT evaluation
• No durable medical therapy for HPS exists
• Severe HPS is an indication for LT and patients may be 

eligible for MELD exception



Portopulmonary Hypertension (PPHTN)

• Idiopathic pulmonary artery (PA) hypertension (PAH) 
in the setting of portal hypertension

• Classified as group 1 in the World Health Organization 
(WHO) Classification

Krowka MJ, et al. Transplantation 2016;100:1440-52.
Simonneau G, et al. Eur Respir J 2019;53:Epub



Simonneau G, et al. Eur Respir J 2019;53:Epub



Diagnostic Criteria for PPHTN
1. Presence of portal hypertension
2. Mean pulmonary artery pressure (mPAP) > 25 mmHg
3. Pulmonary vascular resistance (PVR) > 3 Wood Unit (WU) or > 

240 dynes/s per cm-5
4. Pulmonary capillary wedge pressure (PCWP) < 15 mmHg



Pathophysiology

• Results when there is obstruction to arterial flow in the 
pulmonary arterial bed

• Obstruction can be due to:
• Vasoconstriction
• Endothelium/smooth muscle proliferation
• Platelet aggregation



Figure 1 
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Normal Pulmonary hypertension 

Adventia: proliferation 
of fibroblasts and 
macrophages  

Media: proliferation of 
smooth muscle cells  

Intima: infiltration by 
smooth muscle cells  
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Cell Mol Physiol 2015;308:L229-L252 
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Gordeuk GR, et al. Blood 2016;127:820-8.



Pathophysiology – Proposed Mechanisms
1. Imbalance of vasoconstriction and vasodilatory mediators

• Impaired clearance of vasoconstrictive hormones with exposure to pulmonary circulation due to 
liver impair and portosystemic collaterals

• Increased plasma concentration of endotheslin-1, serotonin, interleukin-1, secretin, estrogen, 
thromboxane B2, and vasoactive intestinal peptide have been noted in patients with portal 
hypertension

2. Thromboembolism from portal venous system
• Thrombi from portal circulation can bypass to pulmonary system due to portosystemic collaterals
• Autopsy studies, however, show that thrombi in PPHTN is likely in situ

Panos RJ, et al. Clin Chest Med 1996;17:151-69.
Matsubara O, et al. J Pathol 1984;143:31-7.



Pathophysiology – Proposed Mechanisms

3. Hyperdynamic pulmonary circulation
• Increased right ventricular (RV) output and blood flow increasing sheer 

stress against vascular wall
4. Genetic predisposition

• Single nucleotide polymorphism study (SNP) – found genetic variation 
in estrogen signaling and cell grown regulators associated with risk of 
PPHTN

Mandell MS, et al. Clin Chest Med 1996;17:17-33.
Roberts KE, et al. Am J Respir Crit Care Med 2009;179:835-42.



Epidemiology
• Frequency of PPHTN appears to be between 2-16% of patients with liver 

disease
• Higher rates noted in patients undergoing LT evaluation

• Of 1235 patients being evaluated for LT at Mayo Clinic, 66 patients (5%) 
met hemodynamic criteria for PPHTN

• Most studies report equal male and female involvement – some studies 
have suggested possible increased risk in woman

• PPHTN accounts for about 10% of all PAH cases
Hadengue A, et al. Gastroenterology 1991;100:520-8.

Starkel P, et al. Liver Transpl 2002;8:382-8.
Krowka MJ, et al. Hepatology 2006;44:1502-10.

Roberts KE, et al. Am J Respir Crit Care Med 2009;179:835-42.
Humbert M, et al. Am J Respir Crit Care Med. 2006;173:1023-30.



Clinical Presentation

• Development of portal hypertension precedes development of PAH
• Presents with usual symptoms of PAH

• Dyspnea (81%)
• Atypical chest pain (24%)
• Lower extremity edema (35%)
• Ascites (21%)
• Clubbing (4%)

• Elevated JVP, anasarca, pulsatile or tender hepatomegaly

Robalino BD, et al. J Am Coll Cardiol 1991;17:492-8.



Diagnosis
Screening initially done by transthoracic echocardiogram (TTE) in patients suspected of 
PAH, undergoing LT evaluation, or undergoing TIPS evaluation
Pulmonary artery systolic pressure (PASP) ≈ right ventricular systolic pressure (RVSP) (in 
absence of RV outflow gradient such as pulmonic stenosis)
RVSP measured on TTE – 30mmHg has a 100% negative predictive value for PAH but 
positive predictive value of only 59%
No optimal cutoff but the joint American Association for the Study of Liver Diseases 
(AASLD) and American Society of Transplantation (AST) guidelines suggest a RVSP of > 
45mmHg seen on TTE to trigger a right heart catheterization (RHC) 

Ravenens S, et al. Liver Transpl 2013;19:602-10.
Martin P, et al. Hepatology 2014;59:1144-65.



Diagnostic Criteria for PPHTN – Need Right Heart 
Catheterization

1. Presence of portal hypertension
2. Mean pulmonary artery pressure (mPAP) > 25 mmHg
3. Pulmonary vascular resistance (PVR) > 3 Wood Unit (WU) or > 240 dynes/s per 

cm-5
4. Pulmonary capillary wedge pressure (PCWP) < 15 mmHg
5. Rule out other causes of pulmonary hypertension with PFTs, chest imaging, 

V/Q scan, etc.



Galie N, et al. Eur Heat J 2016;37:67-119.



Prognosis
• PPHTN is associated with a 1-year survival of 35 to 46% without treatment
• Worse survival for patients with PPHTN relative to other idiopathic PAH despite higher 

cardiac output and lower PVR (5-year survival or 40 vs. 64%)
• Severity of liver disease and degree of portal hypertension is NOT associated with 

presence or severity of PPHTN
• Patients can die of complications from liver disease or right heart failure (frequency 

varies by study)
• Higher RA pressure and lower cardiac index associated with increased mortality

Robalino BD, et al. J Am Coll Cardiol 1991;17:492-8.
Swanson KL, et al. Am J Transplant 2008;8:2445-53.

Kawut SM, et al. Liver Transpl 2005;11:1107-11.
Kawut SM, et al. Hepatology 2008;48:196-203.

Hedengue A, et al. Gastroenterology 1991;100:520-8.



Medical Therapy in PPHTN
• Diuretics for volume overload
• Beta-blocker are generally avoided

• Reduces RV cardiac output and increases PVR

• Anticoagulation often used in other PAH but rarely used in PPHTN – no trials
• TIPS should be considered very carefully

• Increases RV preload and can precipitate RV failure
• Severe PAH is considered an absolute contraindication
• Moderate PAH is considered a relative contraindication

Provencher S, et al. Gastroenterology 2006;130:120-6.
Krowka MJ, et al. Transplantation 2016;100:1440-52.

Boyer TD, et al. Hepatology 2010;51:306-15.



Vasodilatory Therapy
• Pulmonary vasoreactivity testing usually done at time of RHC with 

inhaled nitric oxide – rarely helpful as results can be misleading and 
responders are rare in PPHTN (1.3%)

• Calcium channel blockers
• Rarely used as it can increase fluid retention, reduce RV function , and increase 

portal pressures
• Poor response rate with only 0.7% patients with improvement in New York Heart 

Association at 1 year

Galie N, et al. Eur Heat J 2016;37:67-119.
Montani D, et al. Eur Heart J 2010;31:1898-907.

Krowka MJ, et al. Transplantation 2016;100:1440-52.



Vasodilatory Therapy
• Phosphodiesterase Inhibitors Subtype 5 Inhibitors (oral sildenafil, oral 

tadalafil)
• Vasodilator via inhibition of cGMP metabolism
• Decreases PVR, mPAP, and CO in PPHTN – no change in 6 minute walk test
• Reports of worsened portal hypertension (ie. variceal bleeding)

• Prostacyclin analogues (IV esoprostenol, IV/SQ treprostinil, 
IV/oral/inhaled iloprost)
• Vasodilator, antithrombotic, and antiproliferative 
• Can worsen portal hypertension – associated progressive splenomegaly and 

thrombocytopenia – associated with improved 5-year survival
Fisher JH, et al. Can Respir J 2015;22:42-6.

Tzathas C, et al. Am J Gastroentol 2002;97:1856.
Awdish RLA, et al. Lung 2013;191:593-600.

Krowka MJ, et al. Transplantation 2016;100:1440-52.



Vasodilatory Therapy
• Endothelin antagonists (oral bosentan, oral macitentan, oral 

ambrisentan)
• Of 34 PPHTN patients treated with bosentan after 5 months, 31% 

reduction in PVR and 39% increase in CI
• Bosentan and ambrisentan associated with reversible transaminase 

elevations
• Macitentan - not FDA approved for moderate/severe liver dysfunction

Savale L, et al. Eur Respir J 2013;41:96-103.
Krowka MJ, et al. Transplantation 2016;100:1440-52.



Liver Transplant and PPHTN
• In a series of patients from Mayo Clinic with PPHTN:

• 5-year survival in 43 patients receiving therapy for PPHTN but no LT was 45% (12% 
died within 1 year of diagnosis)

• 5-year survival for 12 patients who received pre-LT prostacyclin and LT was 67%
• Studies suggest improvement in PPHTN after LT – 29 to 64% of patients with resolution 

of PAH after LT with no need for vasodilatory therapy with variable timing – 6-24 
months after LT

• Scientific Registry of Transplant Recipients (SRTR) data on 34,318 adult deceased donor 
LT from 2002 to 2010
• 1- and 3-year survival for patients with PPHTN (n=78) was 85% and 81%
• 1- and 3-year survival for patients without PPHTN was 88% and 79%

Swanson KL, et al. Am J Transplant 2008;8:2445-53.
Khaderi S, et al. Liver Transpl 2014;20:724-7.

Sussman N, et al. Am J Transplant 2006;6:2177-82.
Hollatz TJ, et al. Liver Transpl 2012;18:686-95.

Salgia RJ, et al. Dig Dis Sci 2014;59:1976-82.



Liver Transplant and PPHTN

• Fatal complications of severe PPHTN was first reported in 
1991

• Moderate to severe PPHTN (mPAP > 35 mmHg) is a 
contraindication to LT given increase in mortality
• < 35 mmHg – 0% mortality
• 35-45 mmHg – 50% mortality
• >45 mmHg – 100% mortality

DeWolf AM, et al. Transplant Proc 1991;23:2000-1.
Krowka MJ, et al. Liver Transpl 2000;6:443-50.

Acosta F, et al. Transplant Proc 2005;37:3865-6.
Salgia RJ, et al. Dig Dis Sci 2014;59:1976-82.

Scouras NE, et al. Liver Transpl 2011;17:137-43.



Pre-LT Evaluation
TTE RVSP > 45 mmHg or 
signs of RV dysfunction

RHC

mPAP < 35 mmHg mPAP > 35 mmHg

Proceed to LT PCWP > 15 mmHg

Volume removal and reassess 
RVSP or mPAP when euvolemic

Proceed to LT if no signs of 
mod/severe PAH

PCWP < 15 mmHg, PVR 3 WU 

PAH team for vasodilatory therapy

Reassessment with repeat RHC 
and if mPAP < 35 mmHg and 

PVR < 5 WU 

Proceed to LT with MELD exception

Volume removal and 
reassess RVSP



Summary

• PPHTN can be seen in our patients undergoing LT 
evaluation

• Moderate/severe PPHTN are contraindication for LT due 
to unacceptable peri-operative mortality

• Patients with moderate/severe PPHTN may become LT 
candidates with MELD exception if mPAP can be lowered 
to < 35 mmHg with vasodilatory therapy

• PPHTN alone is currently not a clear indication for LT


