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CLINICAL STUDY

Long-term experience with implantable treprostinil pumps in 
pulmonary arterial hypertension
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ABSTRACT
OBJECTIVES: To compare clinical parameters and quality of life in patients with pulmonary arterial 
hypertension (PAH) at the time of diagnosis, at the time of LenusPro pump implantation and during 
intravenous treptostinil treatment. 
METHODS: Seven patients with severe PAH treated with intravenous treptostinil via implantable LenusPro 
pumps were evaluated, including NYHA classifi cation, six-minute walking test, BNP and quality of life 
assessment using the EQ-5D-5L questionnaire before and after pump implantation. 
RESULTS: No signifi cant changes were observed in NYHA class and six-minute walking distance test. There 
was however a signifi cant improvement in the quality of life and a decrease in BNP levels. The mean EQ-5D-
5L index assessed during subcutaneous treptostinil treatment was signifi cantly worse when compared to that 
assessed during its intravenous application (0.39 ± 0.24 vs 0.78 ± 0.28, p ˂ 0.05); the same is true about 
the pain/discomfort dimension. Complications occurred, namely one nonfatal pneumothorax, one nonfatal 
hemothorax, and one event of nonfatal treptostinil intoxication after refi lling. 
CONCLUSIONS: In patients who do not tolerate subcutaneous treptostinil treatment, the use of the LenusPro 
implantable pump results in a signifi cant improvement in quality of life with an acceptable safety profi le 
(Tab. 2, Fig. 2, Ref. 19). Text in PDF www.elis.sk.
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Introduction

Pulmonary arterial hypertension (PAH) is a chronic progres-
sive disease leading to right-sided heart failure and ultimately 
to death if untreated. PAH can only be diagnosed by right heart 
catheterization (RHC) and is defined as mean pulmonary arterial 
pressure (PAMP) ≥ 25 mmHg, pulmonary capillary wedge pressure 
(PCW) ≤ 15 mmHg, and pulmonary vascular resistance (PVR) > 
3 Wood Units (1).

Parenteral prostanoids are indicated for high-risk patients with 
pulmonary arterial hypertension (PAH). This treatment improves 
hemodynamic parameters, functional class and six-minute walk-
ing test (6MWT) as well as survival (1–2). Intravenous treatment 

with the fi rst-generation prostacyclin analog, epoprostenol, ad-
ministered by an external intravenous pump is highly effective 
but may be accompanied by severe complications, especially 
catheter-related infections. In addition, epoprostenol has a very 
short half-life of 3-5 minutes and the discontinuation of treatment 
is associated with a rebound phenomenon bearing the risk of a 
potentially fatal hemodynamic deterioration. Many studies have 
also shown a high effi cacy of treatment with another prostacyclin 
analog, treprostinil (3–7). The advantage of treprostinil is in its 
signifi cantly longer half-life, allowing subcutaneous administra-
tion by an external pump. However, in 5–10 % of patients, this 
treatment has to be discontinued due to a strong local reaction
associated with signifi cant pain at the application site. The intra-
venous administration of treprostinil via an implantable Lenus 
Pro pump may be a suitable solution for such patients (8–10). The 
pump is implanted subcutaneously in the right upper abdominal 
quadrant, and connected to a tunneled catheter leading into the 
superior vena cava. The pump contains a reservoir attached to a 
septum with a silicone refi ll access. The usual reservoir capacity 
is 40 ml. A constant fl ow rate from 1.3 ml to 2 ml / 24 h is genera-
ted by a gas-powered microinfusion system and regulated by a 
manufactured chip capillary. No battery pack is therefore needed 
for generating the fl ow (8). The pumps with a reservoir volume 
of 40 ml are refi lled every 28 days on average. The dosage can be 
adjusted by using various concentrations of treprostinil loaded into 
the pump reservoir. So far, several papers have shown that the pump 
implantation is relatively safe with a low risk of periprocedural 
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complications (11–14). The long-term treatment has been also 
shown to be safe while complications such as local infections at the 
site of pump implantation, catheter obstruction associated with the 
risk of discontinuation of treprostinil therapy, and increased pump 
output associated with the risk of an increased amount of applied 
treprostinil due to a pump failure are relatively rare. However, 
the administration of treprostinil outside the pump is associated 
with the risk of acute overdose, which may lead to hemodynamic 
collapse. Therefore, the pump refi lling should only be performed 
in specialized centers (15). Kurzyna et al (16) described a signifi -
cant subjective improvement in vitality and physical aspects of the 
health-related quality of life resulting from the use of the LenusPro 
implantable pump. In this article, we present our experience with 
LenusPro implantable pumps in our pulmonary hypertension center 
and describe clinical parameters and quality of life at the time of 
diagnosis, during subcutaneous treprostinil treatment and during 
intravenous treprostinil treatment after the pump implantation.

Methods

This is a retrospective study including 7 patients (5 females 
and 2 males) with severe PAH (4 cases of idiopathic PAH, 2 con-

genital heart disease-associated PAH, 1 drug-induced PAH; all pa-
tients in NYHA functional class (FC) III, PAMP 65 ± 12 mmHg, 
PVR 12.6 ± 5.2 mmHg at the baseline) treated with intravenous 
treptostinil via implantable LenusPro pumps (Tab. 1). The median 
time of treatment with subcutaneous treprostinil prior to the pump 
implantation was 11 months. Clinical evaluation including NYHA 
classifi cation, six-minute walking test, BNP and assessments of 
the quality of life using the EQ-5D-5L questionnaire were per-
formed at the time of diagnosis, during subcutaneous treprostinil 
treatment, and during intravenous treprostinil treatment via im-
plantable LenusPro pump. EQ-5D-5L is a standardized measure of 

Fig. 1. Changes in six-minute walking distance test, dose of treprostinil, BNP levels and EQ-5D-5L index between sc. treprostinil therapy (be-
fore pump system implantation) and i.v. treprostinil therapy (after pump system implantation). No change was observed in six-minute walk-
ing distance test (a). The doses of treprostinil were signifi cantly higher after the implantation (b). BNP levels were signifi cantly lower (c) and 
EQ-5D-5L index was signifi cantly higher (d) after pump system implantation.

ba

c d

Females N (%) 5 (71)
Age (years) 39±14
PAMP (mmHg) 65.3±12
PCWP (mmHg) 10.6±3.2
PVR (WU) 12.6±5.2
6MWD (m) 441±78
NYHA FC N ((I/II/III/IV) 0/3/4/0
mean  ± SD, PAMP – mean pulmonary artery pressure, PCWP – pulmonary capillary 
wedge pressure, PVR – pulmonary vascular resistance, WU – Wood units, 6MWD 
– six-minute walking distance, NYHA FC

Tab. 1. Baseline characteristics at the time of diagnosis.
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health developed by the EuroQol group. It evaluates the following 
fi ve aspects of health: mobility, self-care, usual activities, pain/
discomfort and anxiety/depression. Each dimension contains fi ve 
response levels of severity. EQ-5D-5L health states can be summa-
rized using a 5-digit code or be represented by a single calculated 
number (index value), which refl ects how good or bad the health 
condition is. The higher the index, the better the health state (17).

The statistical analysis was performed using R-project, ver-
sion 3.2.3. Results are expressed as mean and standard deviation 
for continuous variables or as number of cases and percentages 
for categorical variables. T-test was used for comparison of nor-
mally distributed variables and Shapiro–Wilk test for normality 
testing. Values of p < 0.05 were considered statistically signifi cant.

The study was conducted in accordance with the principles 
laid down in the 18th World Medical Assembly (Helsinki, 1964), 
including all subsequent amendments, and in compliance with all 
laws and regulations of the Czech Republic. The approval of the 
retrospective data collection was provided by the Ethics Commit-
tee of the General University Hospital in Prague.

Results

The median duration of treatment with implantable pump 
systems was 29 months.

After the implantation, no changes were observed in NYHA 
FC (it remained unchanged in all patients) and in the six-minute 
walking distance test (the results are missing in two patients; mean 
difference of +37.8 m; 95 % CI of the difference -107 to +183; p= 
0.51). However, after the implantation, the doses of treprostinil 
were signifi cantly higher than before the implantation (mean dif-
ference of +31.0 ng/kg/min; 95 % CI +10.1 to +51.9; p = 0.01) and 
there was a signifi cant decrease in BNP levels (mean difference of 
–84 ng/L, 95 % CI –10.0 to –158.3; p = 0.03). A signifi cant im-
provement was also recorded in the quality of life, as assessed by 
EQ-5D-5L index (mean difference +0.363, 95 % CI 0.004–0.722, 
p = 0.048) (Tab. 2, Fig. 1). 

In comparison with the subcutaneous treatment, an improve-
ment was recorded in all modalities of the EQ-5D-5L question-
naire, including a signifi cant relief from pain/discomfort (Fig. 2). 
As far as complications are concerned, we recorded one case of 
nonfatal pneumothorax, one case of hemothorax after pump im-
plantation, and one event of nonfatal treptostinil intoxication after 
refi lling (out of approx. 300 refi ll procedures). 

Discussion

Parenteral prostanoid therapy is indicated in patients with 
advanced forms of PAH whose prognosis is generally poor (4). 
Prior to the development of PAH-specifi c drug therapies, the me-
dian survival rate in the fi rst published registry recording of newly 
diagnosed patients with idiopathic PAH in 1991 was 2.8 years, 
with survival rates of 68 %, 48 %, and 34 % at 1, 3, and 5 years, 
respectively. One prospective randomized trial with epoprostenol 
and many retrospective studies and registries with epoprostenol 
and treprostinil have shown a signifi cant improvement in patient 
survival after prostanoid therapy and there is currently no doubt 
that prostanoid treatment is effective not only in improving patient 
symptoms but also in improving survival. In one registry with 860 
subcutaneous treprostinil-treated pulmonary arterial hypertension 
patients, the survival estimates were 87 % at 1 year, 78 % at 2 
years, 71 % at 3 years and 68 % at 4 years. Moreover, the discon-
tinuation of treprostinil due to treatment-related adverse events, 
particularly severe pain at the injection site, was associated with 
a very poor prognosis, which was signifi cantly worse than in pa-
tients who continued with the treatment (18–19). 

All patients in our group had advanced functional disability 
and were in NYHA FC III. In all patients, the pump implantation 
was preceded by treatment with subcutaneous treprostinil by an 
external pump, and the indication of pump implantation was a pro-
nounced local injection site reaction associated with severe pain.

The functional class remained the same during both treatments 
and no signifi cant difference in 6MWT was observed (Tab. 2). The 
increase in the treptostinil dose and reduction in BNP values were 
however statistically signifi cant (Tab. 2, Fig. 1).

Our study demonstrated the relative safety of pump implanta-
tion under general anesthesia. The most serious complications in 

Before 
implantation

After implantation 
(median 29 months 
after implantation)

p 

NYHA FC N (I/II/III/IV) 0/0/7/0 0/0/7/0 –
6MWT (m) 360±147 419±144 0.51
Treprostinil dose (ng/kg/min) 28.5±13 59.5± 19.7 0.01
BNP (ng/L) 275±144 191±105 0.032
EQ-5D-5L index 0.394±0.243 0.757±0.284 0.048
mean  ± SD, NYHA FC, 6MWD – six-minute walking distance, BNP – brain na-
triuretic peptide

Tab. 2. Change in NYHA FC, 6MWT, treprostinil dose and BNP after 
LenusPro Pump implantation.

Fig. 2. Medians of individual dimensions of EQ5D5L in treated pa-
tients before s.c. treprostinil therapy initiation, during s.c. treprostinil 
therapy and during i.v. treprostinil therapy (median 29 months after 
pump system implantation); A smaller number means better quality 
in individual dimensions.
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our group were non-fatal pneumothorax and hemothorax in two 
patients after pump implantation. Moreover, it should be kept in 
mind that patients with advanced PAH represent a group at high-
risk for general anesthesia. Several papers have shown that the 
procedure may be associated with fatal complications, especially 
unmanageable right-sided heart failure (11–14). It is therefore cru-
cial that the procedure is performed in centers experienced in the 
treatment of pulmonary hypertension and that the general anesthe-
sia is conducted by an experienced anesthetist. Like other papers, 
our study has shown that intravenous treprostinil treatment via an 
implantable pump is at least as effective as subcutaneous treprosti-
nil treatment. Many complications described in other works have 
not occurred in our group of patients, namely catheter dislocation 
associated with the risk of atrial fl utter or atrial fi brillation, catheter 
obstruction or pump failure, which in some cases led to increased 
fl ow and treprostinil overdose (15), as well as catheter-related or 
local infections. The most serious complication in our cohort (other 
than the above-mentioned perioperative complications) was one 
event of off-pump refi lling associated with acute intoxication with 
treprostinil, leading to non-fatal acute myocardial infarction. It is 
necessary to consider that it was one failure out of approx. 300 
refi lling procedures, i.e., the failure rate is only approx. 0.3 %. 
Nevertheless, this complication has to be kept in mind as it em-
phasizes the necessity for the refi lling of the pump to be performed 
by experienced physicians at a pulmonary hypertension center.

As demonstrated by a number of studies, the treatment with 
subcutaneous treprostinil is effective in improving hemodynamic 
parameters, 6MWT and functional class (3–4). Yet, paradoxically, 
it may be at the same time associated with deteriorated quality of 
life due to the pain associated with its subcutaneous application.

However, it should be emphasized that only patients with se-
vere local reactions and pain were indicated for the intravenous 
treprostinil treatment via implantable pump. Therefore, it cannot be 
concluded in general that the treatment with subcutaneous trepro-
stinil deteriorates the quality of life in all patients. Our study has, 
however, shown that even patients with severe local reactions and 
pain, in whom the treatment with treprostinil would be probably 
withdrawn due to this complication could still benefi t from this 
treatment. The absence of local pain facilitated a more effective 
treatment owing to the possibility of increasing the dose and ben-
efi ting from the resulting reduction in BNP levels.

Conclusion

In patients who do not tolerate subcutaneous treptostinil treat-
ment, the use of the LenusPro implantable pump results in a signifi cant 
improvement in their quality of life, acceptable safety profi le and bet-
ter control of the disease demonstrated by the decrease in BNP levels. 

Learning points

• Some patients do not tolerate the subcutaneous application of 
treptostinil in the treatment of pulmonary arterial hypertension.

• The application of an implantable pump allowed such patients 
to continue with their very effective therapy.

• The quality of life improved in these patients.
• The implantation and refi lling of the pump must be performed 

in specialized centers.
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