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PRECAPILLARY PULMONARY
HYPERTENSION (PAH)

POSTCAPILLARY PULMONARY
HYPERTENSION (PH-LHD)

ØPAPm ≥ 25 mmHg

ØWP ≤ 15 mmHg

ØPVR> 3WU

üPAPm ≥ 25 mmHg

üWP > 15 mmHg

1. Pulmonary Arterial Hypertension
2. Pulmonary Hypertension due to Left Heart 

Disease

3. Pulmonary Hypertension due to Lung
Disease/Hypoxia

4. Chronic Thromboembolic Pulmonary
Hypertension

5. Other/Unknown origin

Pulmonary Hypertension due to Left Heart Disease

2.1 LV systolic dysfunction
2.2 LV diastolic dysfunction
2.3 Valvular heart disease
2.4 LV outflow obstruction and congenital cardiomyopathy
2.5 Congenital/Acquired pulmonary vein stenosis
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Hemodynamic variables to define the 
precapillary component of group 2 PH     

Characteristic TPG DPG PVR PAC
Physiological background -/+ +++ ++ (+) ++
Independence from flow and filling
pressures

- + (+) -/+ -

Dependent on quality of PAWP 
recording

+ ++ + -

Marker of disease + + (+) ++ -/+
Marker of prognosis -/+ + ++ ++
Historical variable +++ -/+ +++ -
Level of confort for clinical use ++ + +++ -

• PVR remains a robust variable to describe CpcPH
• DPG and PAC  may have value but may be limited by methodological uncertainties
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thoracic pressures have the least effect on resting pressure
measurements. A PAWP saturation (blood sample taken from
the distal port while in the wedge position) should always be
checked to ensure an adequate wedge, particularly when the
PAWP is elevated. The PAWP saturation should be within 5%
of the systemic oxygen saturation. An LVEDP should be mea-
sured when PAWP cannot be measured or the measured
PAWP seems inconsistent with the clinical picture.

If tracings appear dampened (e.g., loss of a dicrotic notch in
the PAP tracing or blunted RVend-diastolic pressure inflection
point), catheter and tubing should be flushed to remove any
air. Catheter whip may occur in high CO states and is mini-
mized by relocating the catheter to a less turbulent area. More
common than catheter whip, catheter ringing occurs as the
heart rate approaches the inherent resonant frequency of the
fluid filled catheter system. Microbubbles in the fluid-filled
catheter exacerbate this issue by increasing the compliance
of the system [32]. After thoroughly flushing the system, if
catheter ringing is still present, a filter can be introduced [33]
or more commonly a small amount of denser fluid (blood or
contrast) can be added to the catheter [34]. However, the latter
strategy can result in over-dampening of the waveform, with a
resultant decrease in the sPAP and increase in the dPAP
(Fig. 1a, b). This further illustrates the inherent limitation of
using DPG as a diagnostic or prognostic marker in PH-LHD.

Measurement of PAWP—Important Considerations
and Caveats

The PAWP should be measured at end-diastole to reflect the
LVEDP and confirmed with a wedge saturation, especially
when the PAWP is elevated. Several publications have
highlighted the lack of standardization of the PAWP measure-
ment and the potential impact on pre-capillary parameters,

especially the DPG [12, 15•, 35–38]. Use of the “mean”-
PAWP value, which is averaged over the entire cardiac cycle
and incorporates the V wave, results in lower or even negative
DPG values when compared to measuring PAWP at end-
diastole (typically as mean of the “a” wave or pre c-wave)
and can significantly vary from measured LVEDP, leading to
misclassification of PH [39]. This is particularly relevant in
the presence of atrial fibrillation [35] and prominent V waves
[12], where end-diastolic PAWP correlates best with LVEDP
[40]. Wright and Mak recently proposed a novel approach to
estimate PAWP near end-diastole with EKG gating [15•]. At
least for the purposes of assessing for a pre-capillary compo-
nent of PH where high accuracy and reproducibility in dPAP
and PAWP is required, estimating PAWP at end-diastole ap-
pears to be the most appropriate technique. Perhaps just as
relevant, they also described the impact of a fluid-filled cath-
eter artifact on the dPAP [15•]. Whether more standardized
approaches to measure the PAWP or the use of high-fidelity
catheters to minimize artifact would improve the prognostic
value of the DPG requires further study.

Estimation of Cardiac Output

The gold standard for estimating CO is the direct Fick method
that involves measuring VO2 or oxygen consumption [CO =
VO2 / systemic arteriovenous oxygen difference] [41]. As the
required equipment for measuring oxygen consumption is
cumbersome and not widely available, thermodilution (TD)
[42] and the estimated Fick method are commonly used.
TDCO should be measured in triplicate at end-expiration [4,
43]. Although the validity of TDCO has been questioned in
the setting of low or high CO or severe tricuspid regurgitation
[44–46], other studies have reported an agreement between
TD and direct Fick, validating its use even under those

EKG leads EKG leads

Ringing artifact

Mean pressure lineMean pressure line
Ringing artifact

Blood introduced into fluid-filled catheter to reduce ringing

Dichrotic notch maintained

a b

Fig. 1 Pulmonary artery (PA) tracings from the same patient during a
single right heart catheterization procedure. a A high degree of
“ringing” artifact when using a fluid-filled catheter. Note the difficulty
this poses in determining both the systolic and diastolic PA pressures. b
PA tracing after a small amount of blood was aspirated into the catheter to
change the compliance of the catheter. Note the reduced ringing artifact.

However, now the systolic pressure is lower, and the diastolic pressure is
higher. It is possible to over-dampen the tracing by this method, and a
false elevation in the diastolic pressure may lead to a falsely elevated
diastolic pulmonary gradient, misclassifying a patient as Cpc-PH. Note
that the mean PA pressure is nearly the same in both tracings

84 Curr Heart Fail Rep (2018) 15:81–93

Accuracy and reproducibility of DPG and mPAP measurements
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TF9 PROPOSAL FOR THE HEMODYNAMIC 
DEFINITION OF PH-LHD 

ØIsolated post capillary PH (IpcPH)
• PAWP > 15 mmHg AND PAPm > 20mmHg AND PVR ≤ 3WU

ØCombined post and precapillary PH (CpcPH) 
• PAWP > 15mmHg AND PAPm > 20mmHg AND PVR > 3WU  
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PH-LHD with large or small LV
- the Large LV (hypokinetic) model
• the “classic” model (isolated

postcapillary PH)
• Diastolic gradient <=0
• Worsening/severe PH is 

generally a late phenomenon, 
or is related with severe mitral
regurgitation

• resistant/“fixed” PH is generally
a late phenomenon

• RA pressure may be low or 
moderately high, except during
worsening (congestive) HF 
episodes



PH-LHD with large or small LV

-the Small LV (restrictive) model

• The “insidious” model (combined post-

& precapillary PH)

• Diastolic gradient >0

• Severe and resistant/“fixed” PH is a 

relatively early phenomenon, even

when symptoms are mild to moderate

• RA pressure may be high or very high 

even when symptoms are mild to 

moderate

• Lately, RV dysfunction may mask

established pulmonary vascular disease
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• Irreversible (“fixed”) PH is associated with early Graft Failure due to RV 
failure

• Graft Failure is the leading cause of early death after HTX (<30 days/In-hosp)

• Early deaths represent the most part of 1-year deaths

• Other unfavorable consequences of RV failure:
– Need for temporary MCS

– Need for prolonged NO

– Need for prolonged inotropes

– Congestion

– Increased drug nephrotoxicity

– Cyclosporine/Tacrolimus under range

– Increased dose of induction agents

PH as a risk factor for HTX

Rejection

Infection

Renal failure

Multisystem
organ failure

Bleeding

Prolonged length of 
stay in the ICU

Prolonged
ventilation

Renal replacement
therapy



ISHLT GUIDELINE

The 2016 International Society for Heart Lung
Transplantation listing criteria for heart
transplantation: A 10-year update

Mandeep R. Mehra, MD (Chair), Charles E. Canter, MD,
Margaret M. Hannan, MD, Marc J. Semigran, MD, Patricia A. Uber, PharmD,
David A. Baran, MD, Lara Danziger-Isakov, MD, MPH, James K. Kirklin, MD,
Richard Kirk, MD, Sudhir S. Kushwaha, MD, Lars H. Lund, MD, PhD,
Luciano Potena, MD, PhD, Heather J. Ross, MD, David O. Taylor, MD,
Erik A.M. Verschuuren, MD, PhD, Andreas Zuckermann, MD
and on behalf of the International Society for Heart Lung Transplantation (ISHLT)
Infectious Diseases, Pediatric and Heart Failure and Transplantation Councils

In 2005, the International Society for Heart and Lung
Transplantation (ISHLT) Board of Directors commissioned
the development of the first International Listing Criteria for
Heart Transplantation, published in 2006.1 Subsequently,
the ISHLT commissioned a focused update to concentrate
on evolving areas of importance, not fully addressed
previously. These include congenital heart disease (CHD),
restrictive cardiomyopathy, and infectious diseases. In
addition, we undertook a review of all 2006 guidelines to
update those where new information was evident or
evolution in practice demanded significant changes.

Section I (general considerations): A review
and revision of the 2006 guideline

All recommendations from the prior guideline were
reviewed and the details of the older and newer versions
are comprehensively summarized in Table 1. Specific areas
of changes are discussed with the supporting evidence.

Please note that the numeric categorization has been
adjusted to coincide with the 2006 guidelines as closely
as possible.

1.1. Cardiopulmonary stress testing

The 2006 recommendations for cardiopulmonary stress
testing remain unchanged in the 2016 version, with the
exception of an additional comment on cardiac resynchro-
nization therapy (CRT) devices.

Recommendation: The presence of a CRT device does
not alter the current peak volume of oxygen consump-
tion (VO2) cutoff recommendations (Class I, Level of
Evidence: B).

Evidence from the Comparison of Medical Therapy,
Pacing, and Defibrillation in Heart Failure (COMPANION)
trial has shown that despite improvements in New York
Heart Association Functional Classification or 6-minute
walk test distance, CRT did not have an effect on the
predictability of peak VO2 on adverse cardiac events.2

A more recent retrospective study evaluated the predict-
ability of peak VO2 in patients undergoing evaluation for
heart transplantation (HT) with an implantable cardioverter
defibrillator (ICD), CRT, or both (CRT-D) devices. This
study suggested that a peak VO2 r 10 ml/kg/min rather than
the traditional cutoff value of r 14 ml/kg/min may be more
useful for risk stratification in the device era.3 At this time,
we feel that using currently accepted peak VO2 values are
appropriate when taken into context with the rest of the data
collected during the evaluation process.

http://www.jhltonline.org

1053-2498/$ - see front matter r 2016 International Society for Heart and Lung Transplantation. All rights reserved.
http://dx.doi.org/10.1016/j.healun.2015.10.023

E-mail address: amanda.rowe@ishlt.org

Reprint requests and author affiliations can be obtained from: Amanda
Rowe, Executive Director, ISHLT, 14673 Midway Rd, Ste 200, Addison,
TX 75001.

RECOMMENDATION CLASS LEVEL
A vasodilator challenge should be administered when 
the pulmonary artery systolic pressure is >= 50 mm Hg 
and either the transpulmonary gradient is >= 15 mm Hg 
or the pulmonary vascular resistance (PVR) is > 3 WU 
while maintaining a systolic arterial blood pressure > 85 
mm Hg 

I C
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Today: is PH reversible?
parameter Target

PAPs < 50 mmHg

PVR < 3 Wood Units

TPG < 15 mmHg

Systolic BP > 85 mmHg

What When and how
SNP - Sys BP > 90 mmHg, “acute” challenge

- 2-3 days if partially responsive, with increased CO, limited 
by hypotension

Milrinone - If partially responsive to SNP, with limited efficacy on CO
+ Dobutamine - If partially responsive to SNP, limited by hypotension

- May be less effective in pts on beta-blockers 
Levosimendan - If partially responsive to SNP, with limited efficacy on CO, 

and clinical reasons for hypothesizing repeated treatment

IABP - Refractory HF, clinical
- “Bridge” to LVAD



parameter Target

PAPs < 50 mmHg

PVR < 3 Wood Units

TPG < 15 mmHg

Systolic BP > 85 mmHg

What When and how
Long-term maintenance - No/partial response to acute SNP

Repeated, planned 
Levosimendan 

- 1st dose (partially) effective
- 1st dose well tolerated 
- The patient can be discharged
- Planned treatment @ 4 (3) weeks
- Inpatient if low BP, arrhythmias
- Outpatient/home based if stable 
(informed consent required)

Milrinone, continuous - initially (partially) effective 
- initially well tolerated
- Levosimendan not effective

Mitraclip? - Severe MR
- Good response to SNP
- procedure success highly probable

LVAD - Advanced/refractory HF
- Low probability to get HTX
- Suitable for LVAD

Tomorrow: how to keep HTX-
compatible hemodynamics?



LEVOSIMENDAN BTT/BTC:
THE NIGUARDA EXPERIENCE (n=67)

Short-term effects
PAPm PVR

WP CI
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PAPm PVR

WP CI
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LEVOSIMENDAN BTT/BTC:
THE NIGUARDA EXPERIENCE – long term effects
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Treatment
failure

12/48, 

25%Treatment failure
29/67, 43%

Repeated Levosimendan or LVAD BTT/BTC-1y

All n= 115

Levosimendan 
n= 67

LVAD
n= 48

Delayed LVAD
n= 19 (28%)

Died on OT
n= 7 (15%)

Died on OT
n= 3 (4.5%)

Emergency HTX
n= 5 (10%)

Emergency HTX
n= 7 (10%)

Elective HTX
n= 3 (6%)

Elective HTX
n= 7 (10%)

Alive on OT-LVAD
33/45 (73%)*

Alive on OT-Levo
31/60 (52%)*

Died on dLVAD
n= 2/19

Emergency HTX
n= 3/19

Alive on 
dLVAD

n= 

14/19

Alive on LVAD, all 
n= 47/64 (73%) *: p= .02 (chi-square test)



Repeated Levosimendan and LVAD
Right heart catheterization - 1

Wedge Pressure Cardiac Index
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Repeated Levosimendan and LVAD 
- Right heart catheterization 2

Mean Pulmonary Arterial Pressure Indexed Pulmonary Vascular Resistances

LE
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M
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N
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LVAD: THE NIGUARDA EXPERIENCE
Pre-LVAD PH, ALL

Parameter Pre-LVAD
(N = 48)

6 M Post-LVAD
N=  48

1-2 aa Post-LVAD 
N=  26

> 2aa Post-LVAD 
N= 11

PAPm (mmHg) 41.1 ± 11.4 22.2 ± 7.1 24.1 ± 8 23.1 ± 7.4

PCWP (mmHg) 29.4 ± 9.8 13.6 ± 6.7 15.5 ± 6.7 14.2 ± 5

CI (l/min/m2) 1.6 ± 0.4 2.1 ± 0.4 2 ± 0.4 2.1 ± 0.2

TPG (mmHg) 11.6 ± 5.9 9.1 ± 4.4 8.2 ± 5 8.9 ± 3.1

PVR (WU) 4.1 ± 2.2 2.1 ± 1 2.1 ± 0.9 1.8 ± 0.5

Courtesy of A. Garascia 



LVAD: THE NIGUARDA EXPERIENCE

Pre-LVAD PH, ALL, 
n=48

Pre-LVAD “fixed” PH, 
n=14

Post-LVAD PH, 
n=15

Parameter Pre-LVAD 6 M Post Pre-LVAD 6 M Post Pre-LVAD 6 M Post

RAP (mmHg) 9 ± 3.8 n.a. 10.1 ± 4.7 8 ± 5.2 8.6 ± 4.6 11.5 ± 5.2

PAPm 
(mmHg)

41.1 ± 11.4 22.2 ± 7.1 42.8 ± 8.3 25 ± 7.4 37.8 ± 12 30 ± 7.3

PCWP 
(mmHg)

29.4 ± 9.8 13.6 ± 6.7 30.7 ± 7.3 16.7 ± 6.8 25.7 ± 9.5 21.2 ± 6.7

CI 
(l/min/m2)

1.6 ± 0.4 2.1 ± 0.4 1.4 ± 0.3 2 ± 0.4 1.5 ± 0.3 2 ± 0.4

TPG (mmHg) 11.6 ± 5.9 9.1 ± 4.4 12 ± 6.1 8.3 ± 3.9 12.8 ± 6 11.5 ± 4.6

PVR (WU) 4.1 ± 2.2 2.1 ± 1 4.2 ± 2.2 2.1 ± 1 4.3 ± 2.2 2.4 ± 1

Courtesy of A. Garascia 



Baseline hemodynamics, pre-LVAD

Parameter LVAD, All
(N= 59)

PH, All
(N=48)

Non rev
Pre-LVAD

(N 14)

Non rev
Post-LVAD 

(N=15)

PVC (mmHg) 7.6 ± 4.7 9 ± 3.8 10.1 ± 4.7 8.6 ± 4.6

PAPs (mmHg) 57.2 ± 18.2 64.1 ± 18.2 69.2 ± 12.6 60 ± 17.4

PAPd (mmHg) 23.5 ± 9.2 27 ± 9.1 27.9 ± 7 25.1 ± 9.2

PAPm (mmHg) 36.4 ± 11.9 41.1 ± 11.4 42.8 ± 8.3 37.8 ± 12

PCWP (mmHg) 25.7 ± 9.8 29.4 ± 9.8 30.7 ± 7.3 25.7 ± 9.5

CO (l/min) 3.2 ± 0.8 3 ± 0.7 2.7 ± 0.7 3.1 ± 0.8

CI (l/min/m2) 1.68 ± 0.4 1.6 ± 0.4 1.4 ± 0.3 1.5 ± 0.3

TPG (mmHg) 10.5 ± 6 11.6 ± 5.9 12 ± 6.1 12.8 ± 6

PVR (WU) 3.7 ± 2.2 4.1 ± 2.2 4.2 ± 2.2 4.3 ± 2.2



Predictors of persistent PH post-LVAD

Variable p-value

HF duration >8 years 0.4

PVR >3 UW 0.09

DPG > 0 0.06

PAC > 1.5 0.9

HM II 0.6

HVAD 0.4

Early RVF 0.02

• No Echo or RHC parameter
significantly different between
pts with / without postop RVF

• Related to early RVF 
– Ischemic etiology (61%) vs non-

ischemic (40%), p 0.04

– Disease duration, 11 vs. 8 y, p 0.09

– Bilirubin, 1.6  vs 1.2 mg/dl, p 0.08

– Creatinine, 1.5 vs 1.1 mg/dl, p 0.02



PAH drugs for PH after LVAD?
(personal viewpoint)

• Limited observational experiences, mostly
with PDE-5 inhibitors

• Some (smaller) experiences with endothelin-
receptors antgonists

• Inconsistent data on hemodynamic, clinical, 
and survival endpoints

• In clinical trials on PAH, the pure 
hemodynamic effects of these drugs are 
modest



RECOMMENDATION CLASS LEVEL
Use of MCS should be considered for patients with 
pharmacologically irreversible pulmonary hypertension, 
with subsequent re-evaluation to establish candidacy

IIb C

ISHLT GUIDELINE

The 2016 International Society for Heart Lung
Transplantation listing criteria for heart
transplantation: A 10-year update

Mandeep R. Mehra, MD (Chair), Charles E. Canter, MD,
Margaret M. Hannan, MD, Marc J. Semigran, MD, Patricia A. Uber, PharmD,
David A. Baran, MD, Lara Danziger-Isakov, MD, MPH, James K. Kirklin, MD,
Richard Kirk, MD, Sudhir S. Kushwaha, MD, Lars H. Lund, MD, PhD,
Luciano Potena, MD, PhD, Heather J. Ross, MD, David O. Taylor, MD,
Erik A.M. Verschuuren, MD, PhD, Andreas Zuckermann, MD
and on behalf of the International Society for Heart Lung Transplantation (ISHLT)
Infectious Diseases, Pediatric and Heart Failure and Transplantation Councils

In 2005, the International Society for Heart and Lung
Transplantation (ISHLT) Board of Directors commissioned
the development of the first International Listing Criteria for
Heart Transplantation, published in 2006.1 Subsequently,
the ISHLT commissioned a focused update to concentrate
on evolving areas of importance, not fully addressed
previously. These include congenital heart disease (CHD),
restrictive cardiomyopathy, and infectious diseases. In
addition, we undertook a review of all 2006 guidelines to
update those where new information was evident or
evolution in practice demanded significant changes.

Section I (general considerations): A review
and revision of the 2006 guideline

All recommendations from the prior guideline were
reviewed and the details of the older and newer versions
are comprehensively summarized in Table 1. Specific areas
of changes are discussed with the supporting evidence.

Please note that the numeric categorization has been
adjusted to coincide with the 2006 guidelines as closely
as possible.

1.1. Cardiopulmonary stress testing

The 2006 recommendations for cardiopulmonary stress
testing remain unchanged in the 2016 version, with the
exception of an additional comment on cardiac resynchro-
nization therapy (CRT) devices.

Recommendation: The presence of a CRT device does
not alter the current peak volume of oxygen consump-
tion (VO2) cutoff recommendations (Class I, Level of
Evidence: B).

Evidence from the Comparison of Medical Therapy,
Pacing, and Defibrillation in Heart Failure (COMPANION)
trial has shown that despite improvements in New York
Heart Association Functional Classification or 6-minute
walk test distance, CRT did not have an effect on the
predictability of peak VO2 on adverse cardiac events.2

A more recent retrospective study evaluated the predict-
ability of peak VO2 in patients undergoing evaluation for
heart transplantation (HT) with an implantable cardioverter
defibrillator (ICD), CRT, or both (CRT-D) devices. This
study suggested that a peak VO2 r 10 ml/kg/min rather than
the traditional cutoff value of r 14 ml/kg/min may be more
useful for risk stratification in the device era.3 At this time,
we feel that using currently accepted peak VO2 values are
appropriate when taken into context with the rest of the data
collected during the evaluation process.

http://www.jhltonline.org

1053-2498/$ - see front matter r 2016 International Society for Heart and Lung Transplantation. All rights reserved.
http://dx.doi.org/10.1016/j.healun.2015.10.023

E-mail address: amanda.rowe@ishlt.org

Reprint requests and author affiliations can be obtained from: Amanda
Rowe, Executive Director, ISHLT, 14673 Midway Rd, Ste 200, Addison,
TX 75001.

RECOMMENDATION CLASS LEVEL

If medical therapy fails to	achieve acceptable
hemodynamics and	if the	LV	cannot be	effectively
unloadedwith	mechanical adjuncts,	includingan	
intra-aortic balloon	pump (IABP)	and/or	LVAD,	it is
reasonable to	conclude	that the	pulmonary
hypertension is irreversible.	

IIb C
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Perspective: Monitoring
• Current condition, unmet needs

– RHC invasive and episodical
– Noninvasive estimate (ECHO) 

inaccurate
– Occasional measurements for critical

decisions (to list or not to list)

• Perspective: 
– chronic hemodynamic monitoring: 

CardioMEMs (from occasional
measurements to “PH burden”?)

CHAMPION RCT, 550 pts, Lancet 2011; 357:658



Perspective: Medical Therapy
• Current condition, unmet needs

– i.v.  Inotropic Therapy: symptomatic and hemodynamic
improvement, survival benefit not shown, possible risks, 
temporary effectiveness

– LVAD: high rate of complications, difficult to justify only
for PH control

• Perspective: 
– Explore the potential of ARNI (Sacubitril/Valsartan) in 

advanced HF
– Background: first drug with combined hemodynamic and 

neurohormonal effect, robust evidence of benefit in 
stable, less severe HF patients

– Limitations: reverse remodeling has not been
systematically studied; changes of natriuretic peptides
are difficult to interprete

– Risks: hypotension, renal insufficiency, inadequate
titration



GC, born 1956, IHD, h 175 cm, w 94 Kg
- listed for HTX 2013

Date
Parameter

May 2013 May 2016,
Baseline

Id.,
+ SNP

Oct 2017 Jan 2018*

Standard MT Y Y Y Stop ACE-I Id 

Levosimendan Start Stop

Sacubitril/ 
Valsartan Start 154+156 mg

RAP, mmHg 2 6 2 2 1

PAP, S/D (M) 
mmHg 30/13 (19) 71/25 (41) 29/10 (17) 38/17 (24) 29/11 (18)

PCWP, mmHg 14 33 10 15 11

CI, l/min/m2 1.5 1.55 1.65 1.6 2.0

PVR, WU 1.5 2.6 2.1 2.8 1.7

SysBP, mmHg 105 115 105 120 110

*: CLINICALLY STABLE TO PRESENT



OE, F, born 1980, Peripartum DCM

2010 2015 2016 FEB  
2017

SEPT 
2017

OCT 
2017

* 50 >>
>> 200 mg

OCT 
2018

Follow-up: NYHA I/II, 
LVEDV 200, EDD 60, EF 38%, 
PAPm 13, PCWP 9, CI 2.5, 
NTproBNP <100
>> stop Levosimendan
>> delisted for improvement

Diagnosis of peripartum
DCM, severe MR >> 
Anuloplasty >> start MT 
(ACE-I + BB)

Worsening >> NYHA III >> prophylactic ICD
>> recurrent hospitalization for ADHF

Start Sacubitril/Valsartan*

HTx Workout >> HTX listed
LVEDV 340, EDD 85, EF 17%
PAPm 32 >>22, PCWP 18>>14,
CI 1.5 >> 2 NTproBNP >4000
VO2 max 13.6 (39%) VE/VCO2 49 

Repeated Levosimendan at local Hosp



Summary
1. PH-LVD is common in advanced HF under consideration for HTX or LVAD

2. Drugs for PAH are not recommended in PH-LVD

3. Severe, resistant PH is a major risk factor for HTX, and a contraindication

when deemed irreversible (“fixed”)

4. New insights on intra-patient variability and time course of PH could be 

provided by long term remote PAP monitoring (CardioMEMS)

5. In HTX candidates with reversible PH, suitability for HTX should be verified

(periodic RHC) and actively pursued (maintenance therapy)

6. Repeated Levosimendan may be effective, at least for some months

7. LVAD is effective unless in case of RVF, or inadequate LV unloading, and may

be used as a bridge or permanent therapy

8. The role of drugs for PAH after LVAD remains uncertain

9. The possible role of Sacubitril/Valsartan in PH-LVD deserves to be explored

10. Patients with PH-LVD and small LV (restrictive model) have earlier and 

more severe PH, and limited maintenance options, thus some priority for 

donor allocation may be justified.
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