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Abstract
Background In palliative care, alternative routes for drug application besides the oral and intravenous administration 
are frequently necessary. Up-to-date, very little is known about the familiarity, use and perceived relevance of 
inhalative medications for symptom control among palliative care practitioners.

Methods We conducted an anonymous online survey among palliative care physicians throughout Germany 
between 09/2021 and 04/2022. The questionnaire covered participants’ sociodemographics, as well as familiarity, 
perceived relevance and prescription practices regarding 21 nebulised drugs. Analysis was performed using methods 
of descriptive statistics.

Results 108 fully completed questionnaires were analysed. Most of the participants were employed in palliative care 
for 5 + years. The administration of normal saline, mucoactive drugs, bronchodilators and steroids via nebulisation 
was a widely known and frequently used technique among the participants, as evidenced by its regular use in clinical 
routine. About 50% of the participants reported to know epinephrine and tranexamic acid for anti-oedematous or 
haemostyptic effects, respectively. Both drugs were considered “relevant” by more than 60% of the prescribers. Only 
a minority of participants reported to know and use nebulised opioids, iloprost, several antibiotics, heparin, ketamine 
and lidocaine.

Conclusions Our survey shows that nebulised drugs are prescribed and considered relevant in palliative care. 
However, for several of the mentioned medications only limited data is available regarding use and effectivity. There 
is also uncertainty to what extent the existing data may be transferable into routine palliative care setting. Therefore, 
more evidence should be generated.

Trial registration Not applicable.
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Background
A variety of problems can occur at the end of life and 
the treatment of symptoms like pain, dyspnoea or bleed-
ing can be challenging [1]. Many drugs that are regularly 
administered to control these issues are available via the 
oral, transdermal or intravenous route. Furthermore, in 
palliative care there is a wide approval for subcutaneous 
drug administration, mostly in form of a so-called “off-
label-use” based upon expert opinion [2]. Another way 
of application is inhalation of nebulised drugs. There are 
several reasons, why to consider the inhalation of medi-
cations in palliative care. First, there may be situations, 
where an oral intake is not possible anymore, for example 
due to dysphagia, and at the same time a parenteral appli-
cation may not be available or tolerated by the patient. 
It might also be taken into consideration, that inhala-
tion could offer several advantages over other routes of 
administration. These comprise direct delivery to the 
bronchial system and therefore higher luminal doses, less 
systemic side effects and a faster onset of action [3].

For some medications, the inhalative use is approved 
and well established in daily clinical routine. These 
include normal saline, steroids and bronchodilators [4, 5]. 
There are also a variety of trials published on the inhala-
tive use of other medications. However, for most of these 
medications evidence for the nebulised route of admin-
istration is altogether very limited. Furthermore, most 
of the published data on inhalation of the various drugs 
were not collected in palliative care situations.

To date, there is very little known about the knowledge, 
use and perceived relevance of inhalative medications 
for symptom control among palliative care practitioners. 
Therefore, this survey aimed at investigating this unex-
plored topic of inhalation therapies for symptom control 
in the palliative care setting from the view of palliative 
care professionals in Germany.

Methods
Study design
We conducted an online survey to evaluate the role of 
inhalation therapies for symptom control in the pallia-
tive setting from the view of physicians in palliative care 
in Germany. For this purpose, palliative care units, spe-
cialised palliative home care (SAPV)-teams, as well as 
other palliative care physicians throughout Germany 
were invited to participate by email. In an attempt to 
increase the study population, participants were asked to 
forward the survey invitation to any other palliative care 
professionals.

Invitations were sent on September 9, 2021. Data from 
questionnaires completed until April 21, 2022 were 
included into the present analysis.

The survey was designed to be carried out in a fully 
anonymous way. An identification of individual respon-
dents by the research team was not possible.

The study was discussed with the local Ethics Com-
mittee. The need for a formal approval of the study was 
waived, due to completely anonymous participation.

Data collection and questionnaire
Data collection was done via a commercial online survey 
platform (UmfrageOnline, enuvo GmbH, Switzerland).

The questionnaire covered participants’ sociodemo-
graphics in addition to familiarity and prescription prac-
tices regarding nebulised medications.

Regarding participant´s characteristics, items on age, 
gender, palliative care qualification, profession and occu-
pational specifics were included.

Medications suitable for inhalation in a palliative care 
setting were identified on the basis of expert knowledge 
and via literature research. Finally, 21 drugs were selected 
for the survey. The following variables were assessed for 
each drug: familiarity with the specific nebulised drug in 
the palliative care setting (yes/no), prescription in pallia-
tive care clinical routine (yes/no), frequency of prescrip-
tion (very often/often/less often/rarely/never), indication 
for prescription in palliative care (drug-specific catego-
ries), opinion regarding clinical relevance for symptom 
relief (very relevant, relevant, less relevant, not relevant 
at all), clinical setting of prescription (specialised pal-
liative home care, palliative care unit, palliative care 
inpatient consultation, non-palliative care setting), dos-
ing (drug-specific categories), administration interval 
(drug-specific categories), and combination with other 
inhalative medications (yes/no and free text reply). If a 
participant did not know a medication or if he answered 
that he does not prescribe a medication, no further ques-
tions appeared concerning this specific drug.

Statistical analysis
Analysis was performed using methods of descriptive 
statistics. Individual items of the questionnaire were 
reported with absolute numbers and/or as percent-
ages. Particularly relevant aspects were presented by bar 
charts.

Only complete questionnaires were analysed.
Statistical analysis was performed with R (R Founda-

tion for Statistical Computing, Vienna 2021).

Results
Baseline characteristics of participants
1328 email addresses were contacted (comprising institu-
tions and individual persons). 188 persons participated in 
the survey. 128 of these completed the questionnaire. The 
survey was primarily answered by physicians; only very 
few questionnaires were answered by nursing staff and 
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non-medical palliative care staff. Furthermore only doc-
tors are allowed to prescribe drugs. Therefore, nursing 
staff and non-medical palliative care staff were excluded 
from the analysis. Finally, there were 108 questionnaires 
considered for the analysis.

Details concerning the participant characteristics are 
shown in Table  1. 58% were female. Most participants 
were between 40 and 59 years old. The majority held a 
certificate of palliative care qualification and worked 
in the field of specialised palliative care. About half of 
the participants had been working in palliative care 
for at least 10 years, only 5% had less than one year of 

experience. More than 50% of the participants worked 
in a hospital. Therefore, the participants reflect the inpa-
tient as well as the outpatient sector of specialised pallia-
tive care physicians.

Familiarity with inhalative drugs
The proportion of participants that reported being famil-
iar with each drug is shown in Fig.  1, indicated by the 
total bar height.

Almost all participants were familiar with the inhalative 
application of normal saline 0.9%, a drug for the hydra-
tion of mucous membranes. With regard to mucoactive 
substances, nebulised ambroxol was far better known 
than hypertonic saline or acetylcysteine.

Inhalation of the bronchodilators salbutamol and 
ipratropium bromide was known by a majority, as well 
as the inhalation of the steroid budesonide. In terms of 
other anti-inflammatory drugs, inhalation of dexpanthe-
nol was known by about a third of participants, whereas 
nebulisation of heparin as an anti-inflammatory drug was 
almost unknown.

About half of the participants were familiar with nebu-
lisation of the anti-oedematous and vasoconstrictive drug 
epinephrine and of haemostyptic tranexamic acid.

Regarding opioids, which are used to treat pain, dys-
pnoea and cough, less than one third of participants were 
familiar with the inhalation of morphine, hydromor-
phone or fentanyl. Inhalation of the two other analgesic 
drugs assessed, ketamine and lidocaine, was also scarcely 
known.

Iloprost is a drug for treatment of pulmonary hyperten-
sion. Only very few participants were familiar with inha-
lation of this drug. The same was true for the nebulisation 
of the antibiotics tobramycin, gentamicin, colistin and 
aztreonam.

In summary, only five inhalative drugs were known by 
more than half of the participants: normal saline 0.9%, 
ambroxol, salbutamol, ipratropium bromide, budesonide 
and epinephrine. All other nebulised drugs were known 
to a lower extent.

Clinical use
The frequency of clinical use, as reported by the physi-
cians for each medication they were familiar with, varied 
widely by drug (Fig. 1).

For example, concerning the well-known inhalative 
drugs normal saline 0.9%, salbutamol and ipratropium 
bromide, the prevalence of any prescription was higher 
than 75%. About half of the prescribers reported a fre-
quent or very frequent prescription. Data for budesonide 
were similar but the prevalence was a bit lower.

Concerning epinephrine and tranexamic acid about 
50% reported prescription of the drugs, too. However, 

Table 1 Participants’ characteristics
Variable Distribution
Gender n (%)
Male 45 (42)
Female 62 (58)
Missing 1 (-)
Age n (%)
≤ 40 years 13 (12)
40–49 years 29 (27)
50–59 years 49 (45)
60–69 years 14 (13)
≥ 70 years 3 (3)
missing 0 (-)
Certificate of palliative care qualification n (%)
Yes 101 (94)
No 6 (6)
Missing 1 (-)
Work in specialised palliative care n (%)
Yes 101 (94)
No 7 (6)
Missing 0 (-)
Professional experience in specialised palliative care n (%)
< 1 year 5 (5)
1–4 years 20 (20)
5–9 years 23 (23)
≥ 10 years 52 (52)
missing 8 (-)
Work setting n (%)
Hospital 60 (56)
Doctor’s office 17 (16)
Retired 0 (0)
Other 24 (22)
Hospital/ doctor’s office/ retired + other 6 (6)
Missing 1 (-)
Position n (%)
Chief/leading physician
(Leitende Position/Chefarzt/Chefärztin)

29 (27)

Senior physician (Oberarzt) 34 (31)
Medical specialist (Facharzt) 39 (36)
Assistant doctor (Assistenzarzt) 2 (2)
General practitioner (Allgemeinarzt) 4 (4)
Missing 0 (-)
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the drugs were prescribed “very often” or “often” by only 
6% and 19% respectively.

For other substances, like acetylcysteine or dexpan-
thenol, less than half of the practitioners reported any 
prescription. The proportion of participants reporting 
frequent prescription of these drugs was very low.

For less well-known nebulised substances the preva-
lence of prescription was generally low. The absolute 
number in these cases was very small.

Indication for use in palliative care, dosing, administration 
interval, and combination with other medications
The reported indications for treatment with the various 
nebulised drugs in the palliative care setting are shown 
in Table 2.

Answers regarding dosing and administration intervals 
revealed a large variability in prescription practices. The 
combination with other inhalative drugs likewise varied 
widely. This resulted in many reply categories with mostly 
very small numbers. Details are shown in the additional 
file 1, together with data on the clinical setting of use.

Clinical relevance
Opinions regarding the clinical relevance by practitio-
ners reporting the use of nebulised drugs varied widely 
by substance (Fig. 2).

More than 60% of the prescribers considered the nebu-
lised bronchodilators salbutamol and ipratropium bro-
mide, as well as the nebulised steroid budesonide, to be 

“relevant” or “very relevant” in clinical use. The same was 
true for epinephrine and tranexamic acid.

Nebulised normal saline 0.9% was also estimated as a 
relevant drug by a major percentage of participants. The 
relevance of the mucoactive drugs hypertonic saline, 
ambroxol and acetylcysteine was deemed lower, with 
more participants considering hypertonic saline and 
ambroxol relevant than acetylcysteine.

Concerning all other drugs, the absolute numbers were 
low. Nevertheless, among the few prescribers of these 
drugs, many considered them to be relevant.

Discussion
Our study among palliative care professionals in Ger-
many sheds first light on the clinical use and perceived 
relevance of inhalative medications for symptom con-
trol in the palliative care setting. Our data revealed that 
inhaled drugs are regularly prescribed and often con-
sidered relevant in palliative care. Nevertheless, there 
were substantial differences between distinct substances. 
Participants reported familiarity and frequent use espe-
cially for those drugs, whose nebulised use is generally 
approved and well established in clinical routine. Inha-
lation of other drugs was almost unknown, for example 
inhalation of nebulised heparin or antibiotics.

There are several barriers for desired studies on nebu-
lised medications in palliative care [6]. Published studies 
concerning non-approved inhaled drugs are mostly very 
small controlled trials or uncontrolled studies such as 
case reports [7, 8]. Most of the studies were performed in 

Fig. 1 Familiarity regarding nebulised drugs and frequency of their prescription. legend: Total bar height = proportion of participants who are familiar 
with a specific nebulised drug (percentage). Blue bar = proportion of participants who are familiar with a specific nebulised drug, but do not prescribe it. 
Brown and green bars = proportion of participants who are familiar with a specific nebulised drug and prescribe it “very often” (light brown), “often” (dark 
brown), “less often” (dark green) or “rarely” (light green). NS = normal saline, HS = hypertonic saline, Amb = ambroxol, Acc = acetyl cysteine, Sal = salbutamol, 
Ipr = ipratropium bromide, Bud = budesonide, Dex = dexpanthenol, Hep = heparin, Epi = epinephrine, Tran = tranexamic acid, Mo = morphine, HDM = hy-
dromorphone, Fen = fentanyl, Ket = ketamine, Lid = lidocaine, Ilo = iloprost, Tob = tobramycin, Gent = gentamicin, Col = colistin, Azt = aztreonam
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non-palliative care populations and therefore it remains 
unclear, to what extent the results can be transferred to 
a palliative care setting. Nevertheless, they may provide 
some valuable information - especially for palliative care 
situations, where no approved medication exists or no 
approved way of application is available for symptom 
control.

Normal saline 0.9% and mucoactive substances hypertonic 
saline, ambroxol and acetylcysteine
Nebulised normal saline 0.9% is widely known in in the 
medical field. By indication, it is applied for the hydra-
tion of mucous membranes; however, administration of 
normal saline is also commonly intended as mucoactive 
therapy in daily clinical practice. This was also reflected 
by the results of the present survey. Most participants 
reported knowing and prescribing the nebulised form of 
this drug. Intriguingly, beyond the standard indications, 
some participants reported to use it for “well-being” 
or for “structuring of the patient´s day”. This might be 
interpreted as normal saline sometimes being used as 
an intervention for the sake of doing something– there-
fore being considered as a rather psychological substance 
with limited pharmaceutical activity, but also virtually 
free of side effects.

Hypertonic saline, ambroxol and acetylcysteine are 
regarded as mucoactive therapies. The intended mecha-
nism of mucoactive drugs is to affect mucous properties 
and to improve the clearance of secretion. Besides oth-
ers they act as expectorants, mucolytics, mucokinetics 
or abhesives [9, 10]. The effect of mucoactive drugs is 
discussed widely but controversially [10, 11]. Concern-
ing the inhalative use of mucoactive agents, most of the 
published work studied the effect in cystic fibrosis and 
paediatric acute bronchitis [12–14]. Hypersecretion and 
difficulties with mucous clearance are common in pal-
liative care patients. However, the pathophysiology of 
symptoms in adult palliative care patients might be very 
different compared to paediatric bronchitis or cystic 
fibrosis. Thus, the aforementioned evidence may not be 
applicable to our patient collective. A more comparable 
condition might be non-cystic fibrosis. However, avail-
able data concerning the clinical effects in this setting 
are also ambiguous [15]. We did not find any published 
data regarding the inhalative use of mucoactive agents in 
a clearly palliative situation. Nevertheless our data reveal 
that a certain proportion of our study participants con-
sider nebulised mucoactive substances as relevant medi-
cations and up to a third of the participants prescribe 
them in palliative care situations.
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Bronchodilators and Budesonide, other anti-inflammatory 
substances
Bronchodilators and Budesonide
The nebulised bronchodilators salbutamol, ipratropium 
bromide and budesonide are very well established in 
daily clinical practice. Their efficacy has been extensively 
investigated, and major guidelines concerning chronic 
obstructive pulmonary disease (COPD) and asthma rec-
ommend their use [4, 5]. Therefore, it is not surprising, 
that a large percentage of this survey´s participants pre-
scribe these drugs for bronchodilation also in the pallia-
tive care setting.

Dexpanthenol
Dexpanthenol is a drug that is commonly used for its 
anti-inflammatory and wound-healing effects [16]. In 
our clinical experience, the nebulisation of dexpanthenol 
is often recommended for tracheitis by expert opinion. 
However, there are no official recommendations and no 
studies or case reports analysing inhaled dexpanthenol 
could be found. Nevertheless, about two thirds of the 
participants were familiar with its inhalation and about 
one third of them reported to prescribe it. Likewise one 
third of participants considered it as a relevant drug.

Heparin
Heparin is mainly known for its anticoagulant proper-
ties. Furthermore, anti-inflammatory, anti-microbial and 

mucoactive effects have been described in the literature 
[17]. The results of our survey suggest, that it is used only 
very rarely as a nebulised drug in the palliative care set-
ting. We could not find any studies reporting on the use 
of inhaled heparin in a dedicated palliative care situation. 
The focus of published clinical studies is mainly on acute 
lung injury in critically ill ventilated patients, especially 
in acute smoke inhalation injury, COPD and asthma 
[18–20]. Positive effects on different parameters like 
bronchoconstriction, lung function parameters, ventila-
tor free days, length of hospital stay and mortality rates 
have been suggested. However, data are controversial and 
endpoints varied widely [19–21].

Given the rather special nature of the various study 
populations, it remains unclear if and to what extent 
inhaled heparin could exert beneficial effects in palliative 
care patients. One pilot study in non-ventilated COPD 
patients, which may be somewhat more transferable to 
our setting, described an improvement not only in lung 
function parameters, but also in the clinically relevant 
end point of dyspnoea [8]. With respect to bleeding com-
plications, the evidence seems to support, that there is no 
increased risk of bleeding [19]. However, this might also 
differ in our palliative care patients, especially when suf-
fering from cancer affecting the lungs.

Fig. 2 Perceived relevance regarding nebulised drugs. legend: Brown and green bars = proportion of prescribers, who deem the relevance of a specific 
nebulised drug “very relevant” (light brown), “relevant” (dark brown), “less relevant” (light green) or “not relevant” (dark green). The absolute number of 
participants reporting to prescribe a specific drug is shown above each bar. NS = normal saline, HS = hypertonic saline, Amb = ambroxol, Acc = acetyl 
cysteine, Sal = salbutamol, Ipr = ipratropium bromide, Bud = budesonide, Dex = dexpanthenol, Hep = heparin, Epi = epinephrine, Tran = tranexamic acid, 
Mo = morphine, HDM = hydromorphone, Fen = fentanyl, Ket = ketamine, Lid = lidocaine, Ilo = iloprost, Tob = tobramycin, Gent = gentamicin, Col = colistin, 
Azt = aztreonam
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Bleeding control (and bronchodilation) by epinephrine 
and Tranexamic acid
Tranexamic acid
Tranexamic acid rewards special attention as a poten-
tial option for bleeding control. It is an antifibrinolytic 
agent, which is frequently administered systemically to 
stop bleeding [22]. Some studies point towards the effec-
tiveness of systemic tranexamic acid also in hemoptysis, 
but the effect is not yet certain [23]. Meanwhile there 
is a growing number of mostly small studies and case 
reports, which report on the successful use of nebu-
lised tranexamic acid for bleeding control [7, 24]. Par-
ticularly, a randomised controlled study including 47 
patients showed a benefit of inhaled tranexamic acid 
for the termination of non-massive pulmonary bleed-
ing [25]. In addition, case reports are published using 
inhaled tranexamic acid for post-tonsillectomy bleeding 
and epistaxis [26, 27]. There were no severe side effects 
reported for the use in either indication [7, 24, 25]. More 
of the participants of our survey reported on using it for 
pulmonary bleeding, than for oral or hypopharyngeal 
bleeding. Interestingly, most of them deemed it a relevant 
inhalative drug for bleeding events.

Epinephrine
The participants of our survey also considered epineph-
rine as a relevant nebulised drug. Furthermore, a consid-
erable amount of participants reported to also administer 
epinephrine for the termination of bleeding events. The 
approval of nebulised epinephrine, however, encom-
passes only mucosal oedema of the upper airway and/ 
or bronchoconstriction, caused by conditions like laryn-
gotracheitis or allergic reactions [28]. Nonetheless, epi-
nephrine has vasoconstrictive effects and therefore can 
provide haemostasis. Topical epinephrine is used for the 
management of bleeding, for example during bronchos-
copy or oral surgery [29, 30]. Evidence for the nebulised 
administration route for haemostasis is much more lim-
ited, but the successful use of nebulised epinephrine for 
termination of oral bleeding has been reported [31].

Opioids, other analgesic drugs
Opioids
Opioids are important medications for the treatment of 
pain, dyspnoea and cough in the palliative care setting 
[1]. Besides the oral and intravenous application, opioids 
are often administered subcutaneously. In addition, Fen-
tanyl is available as nasal spray, transdermal patch and 
dispersible tablet. The existence of multiple, easily appli-
cable administration routes might be one reason for the 
very low frequency regarding the use of inhaled opioids 
as reported in our study. The slightly higher reported use 
of inhaled fentanyl might be overestimated, since free 

text answers suggested, that not all participants distin-
guished between inhalation and intranasal application.

A further potential explanation for the low frequency of 
inhalation is the more limited available evidence regard-
ing the nebulised route of administration compared to 
the established modes of application. Most published 
studies on inhaled opioids refer to morphine, only some 
refer to fentanyl. Only very limited data exist on inhaled 
hydromorphone [32, 33].

Regarding the treatment of pain, most of the few small 
prospective studies suggest a benefit for nebulised mor-
phine, although the administered doses of application 
varied [34–36]. Besides, smaller studies point towards a 
benefit of inhaled fentanyl for relieve of pain in a postop-
erative and emergency setting [37].

Recent meta-analyses questioned the effect of opioids 
on dyspnoea at all [38, 39]. Most of the meta-analyses 
and systematic reviews revealed a lack of evidence for 
the benefit of inhaled morphine for objective and sub-
jective parameters in various diseases as well [40–42]. 
Even though non randomised controlled studies and 
case reports might suggest a benefit, nebulised fentanyl 
also did not show significant effects on dyspnoea in ran-
domised controlled studies [43–46].

Concerning the treatment of coughing there are only a 
few case reports, which described an improvement after 
inhalation of morphine [47].

Ketamine
We found a few case reports and some small randomised 
studies pointing towards an analgesic effect of nebulised 
ketamine in acute pain in emergency settings and for the 
management of the postoperative sore throat [48, 49]. 
One study reported on the use of inhaled ketamine in 
corticosteroid resistant asthma exacerbation [50]. Only 
very few participants of our survey stated to use inhaled 
ketamine for the treatment of pain. Nevertheless, there 
are a number of potential applications for patients in 
(specialised) palliative care, for example, when complex 
out-patient pain therapy is required in situations where 
parenteral administration is not desired or possible.

Lidocaine
A few reports have been published on the use of nebu-
lised lidocaine for the treatment of cough due to various 
conditions, as for example COPD, infection or cancer 
[51–53]. Its inhalation was discussed as an alternative 
option, when other antitussive medication was not suc-
cessful or tolerable [52]. There is also limited evidence for 
the use of nebulised lidocaine for treatment of pain, with 
one analysis showing a reduction of pain during nasogas-
tric tube insertion when lidocaine was nebulised prior 
to the intervention [54]. This might suggest a use in pal-
liative care patients who need additional local analgesic 
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- for example due to mucositis or an oropharyngeal 
tumour - however not being able to rinse their mouth 
with a local anaesthetic solution. The use of inhaled 
lidocaine seems to play only a small role in palliative 
care, since only about a quarter of the study participants 
reported to know it and only about half of them reported 
to (rarely) use it.

Iloprost
Inhaled iloprost is a drug for the treatment of pulmonary 
hypertension [55]. This potentially terminal illness may 
obviously also be encountered in the palliative care set-
ting. With respect to our data, it did not play a relevant 
role. Very few participants were familiar with this drug 
and almost nobody reported to use it. This could be dif-
ferent in patient populations enriched with pulmonary 
pathology.

Antibiotics
Almost no participants of our survey reported to know 
or to prescribe the nebulised antibiotics tobramycin, gen-
tamicin, colistin and aztreonam. These antibiotics act on 
Gram-negative organisms, including Pseudomonas aeru-
ginosa [56]. Inhaled antibiotics were primarily tested in 
cystic fibrosis, and limited data are also available for non-
cystic-fibrosis and ventilator associated pneumonia [56, 
57]. Besides this, they are often reserved for the use in 
multi-drug-resistant bacterial infections, but resistances 
have already been described [58]. Therefore, the indica-
tion for administration of nebulised antibiotics should 
also be handled very consciously and cautiously in the 
palliative care setting.

Limitations
Some limitations should necessarily be kept in mind 
when considering our results. Because of the type of the 
study and the mode of the invitation process, we can-
not be sure to what extent the results are transferable 
to the palliative care community in general. In addition, 
especially for the less known inhalative drugs the abso-
lute numbers for answers concerning details of use were 
small. Therefore, any interpretation should be done with 
caution. However, given the aforementioned paucity 
of prior information, our study provides valuable first 
insight into the clinical relevance of this topic.

Conclusions
To our knowledge, this is the first study on the use and 
perceived relevance of inhaled medications for symptom 
control among palliative care physicians in Germany. 
Our study revealed that nebulised drugs are a standard 
component of clinical palliative care and are frequently 
regarded as a valuable therapeutic option by the par-
ticipants of the survey. Concurrently, our analysis of the 

findings reveal a paucity of published data concerning 
the specific utilisation and efficacy of nebulised medica-
tions in palliative care. For the majority of the substances, 
the scientific evidence for this route of administration 
exists in non-palliative settings. However, analogous con-
clusions can be drawn for some areas of palliative care, 
although the results may not be directly transferable to 
palliative care patients. Overall, even though there are 
several barriers to trials on nebulised medications, our 
study encourages further research to optimise symptom 
control in palliative care using the inhaled approach.

Abbreviations
COPD  Chronic obstructive pulmonary disease
SAPV  Specialised palliative home care

Supplementary Information
The online version contains supplementary material available at  h t t p  s : /  / d o i  . o  r 
g /  1 0 .  1 1 8 6  / s  1 2 9 0 4 - 0 2 5 - 0 1 7 6 1 - y  

Supplementary Material 1

Acknowledgements
Not applicable.

Author contributions
RM: data preparation, data analysis, interpretation of results, drafting of 
manuscript. AS: study design, data collection, interpretation of results, revision 
of manuscript. CS: interpretation of results, revision of manuscript. WH: revision 
of manuscript.MR: study design, data collection, interpretation of results, 
revision of manuscript. All authors read and approved the submitted version 
of the manuscript.

Funding
Open Access funding enabled and organized by Projekt DEAL.
No specific funding was received for this study.
Data availability: The datasets used and/or analysed during the current 
study are available from the corresponding author on reasonable request.

Data availability
Data and materials are available from the corresponding author upon 
reasonable request.

Declarations

Ethics approval and consent to participate
The study was discussed with the local Ethics Committee (Ethikkommission 
bei der Universität Regenburg). The need for a formal approval of the study 
was waived, due to completely anonymous participation.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 23 November 2024 / Accepted: 21 April 2025

References
1. Deutsche Krebsgesellschaft D, Krebshilfe AWMF. Aug (Leitlinienprogramm 

Onkologie). Palliativmedizin für Patienten mit einer nicht-heilbaren Krebser-
krankung. Langversion 2.2, 2020, AWMF-Registernummer: 128/001OL.  h t t p  s : /  

https://doi.org/10.1186/s12904-025-01761-y
https://doi.org/10.1186/s12904-025-01761-y
https://www.leitlinienprogramm-onkologie.de/leitlinien/palliativmedizin/


Page 10 of 11Mair et al. BMC Palliative Care          (2025) 24:125 

/ w w w  . l  e i t  l i n  i e n p  r o  g r a  m m -  o n k o  l o  g i e  . d e  / l e i  t l  i n i  e n /  p a l l  i a  t i v m e d i z i n /. Accessed 
30 Aug 2024.

2. Rémi C, Büsel S, Volk M, Anzböck M, Wolf C, Leskowschek R. Subkutane 
Arzneimittelanwendung in der palliativmedizin. Z Für Palliativmedizin. 
2021;22:255–64.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 5 5  / a  - 1 3 8 8 - 0 5 6 7

3. Rau JL. The inhalation of drugs: advantages and problems. Respir Care. 
2005;50:367–82.

4. Bundesärztekammer (BÄK). Kassenärztliche Bundesvereinigung (KBV), Arbe-
itsgemeinschaft der Wissenschaftlichen Medizinischen Fachgesellschaften 
(AWMF). Nationale VersorgungsLeitlinie COPD– Teilpublikation der Langfas-
sung, 2. Auflage. Version 1. 2021. www.leitlinien.de/copd. Accessed 13 Sep 
2023.

5. Lommatzsch M, Criée C-P, de Jong CCM, Gappa M, Geßner C, Gerstlauer M, et 
al. S2k-Leitlinie Zur Fachärztlichen diagnostik und therapie von asthma 2023. 
[Diagnosis and treatment of asthma: a guideline for respiratory specialists 
2023 - published by the German Respiratory Society (DGP) e. V]. Pneumolo-
gie. 2023;77:461–543.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 5 5  / a  - 2 0 7 0 - 2 1 3 5

6. Smith TJ, Coyne P, French W, Ramakrishnan V, Corrigan P. Failure to accrue 
to a study of nebulized Fentanyl for dyspnea: lessons learned. J Palliat Med. 
2009;12:771–2.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 8 9  / j  p m . 2 0 0 9 . 0 1 1 3

7. Segrelles Calvo G, de Granda-Orive I, López Padilla D. Inhaled Tranexamic acid 
as an alternative for hemoptysis treatment. Chest. 2016;149:604.  h t t p  s : /  / d o i  . o  
r g /  1 0 .  1 0 1 6  / j  . c h  e s t  . 2 0 1  5 .  1 0 . 0 1 6

8. Shute JK, Calzetta L, Cardaci V, Di Toro S, Page CP, Cazzola M. Inhaled nebu-
lised unfractionated heparin improves lung function in moderate to very 
severe COPD: A pilot study. Pulm Pharmacol Ther. 2018;48:88–96.  h t t p  s : /  / d o i  . 
o  r g /  1 0 .  1 0 1 6  / j  . p u p t . 2 0 1 7 . 1 0 . 0 0 1

9. Rubin BK. Mucolytics, expectorants, and mucokinetic medications. Respir 
Care. 2007;52:859–65.

10. Rogers DF. Mucoactive agents for airway mucus hypersecretory diseases. 
Respir Care. 2007;52:1176–93. discussion 1193-7.

11. Tarrant BJ, Le Maitre C, Romero L, Steward R, Button BM, Thompson BR, Hol-
land AE. Mucoactive agents for chronic, non-cystic fibrosis lung disease: A 
systematic review and meta-analysis. Respirology. 2017;22:1084–92.  h t t p  s : /  / d 
o i  . o  r g /  1 0 .  1 1 1 1  / r  e s p . 1 3 0 4 7

12. Wark P, McDonald VM, Smith S. Nebulised hypertonic saline for cystic fibrosis. 
Cochrane Database Syst Rev. 2023;6:CD001506.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 0 2  / 1  4 6 5  
1 8 5  8 . C D  0 0  1 5 0 6 . p u b 5

13. Zhang L, Mendoza-Sassi RA, Wainwright CE, Aregbesola A, Klassen TP. Nebu-
lised hypertonic saline solution for acute bronchiolitis in infants. Cochrane 
Database Syst Rev. 2023;4:CD006458.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 0 2  / 1  4 6 5  1 8 5  8 . C D  0 
0  6 4 5 8 . p u b 5

14. Tam J, Nash EF, Ratjen F, Tullis E, Stephenson A. Nebulized and oral thiol 
derivatives for pulmonary disease in cystic fibrosis. Cochrane Database Syst 
Rev. 2013;CD007168.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 0 2  / 1  4 6 5  1 8 5  8 . C D  0 0  7 1 6 8 . p u b 3

15. Máiz Carro L, Martínez-García MA. Nebulized hypertonic saline in noncys-
tic fibrosis bronchiectasis: a comprehensive review. Ther Adv Respir Dis. 
2019;13:1753466619866102.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 1 7 7  / 1  7 5 3 4 6 6 6 1 9 8 6 6 1 0 2

16. Baron JM, Glatz M, Proksch E. Optimal support of wound healing: new 
insights. Dermatology. 2020;236:593–600.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 1 5 9  / 0  0 0 5 0 5 2 9 1

17. Shute JK, Heparin. Low molecular weight Heparin, and Non-Anticoagulant 
derivatives for the treatment of inflammatory lung disease. Pharmaceuticals 
(Basel). 2023.  h t t p  s : /  / d o i  . o  r g /  1 0 .  3 3 9 0  / p  h 1 6 0 4 0 5 8 4

18. Diamant Z, Timmers MC, van der Veen H, Page CP, van der Meer FJ, Sterk 
PJ. Effect of inhaled heparin on allergen-induced early and late asthmatic 
responses in patients with atopic asthma. Am J Respir Crit Care Med. 
1996;153:1790–5.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 1 6 4  / a  j r c  c m .  1 5 3 .  6 .  8 6 6 5 0 3 6

19. Ashoor TM, Hasseb AM, Esmat IM. Nebulized heparin and salbutamol versus 
salbutamol alone in acute exacerbation of chronic obstructive pulmonary 
disease requiring mechanical ventilation: a double blind randomised con-
trolled trial. Korean J Anesthesiol. 2020;73:509–17.  h t t p  s : /  / d o i  . o  r g /  1 0 .  4 0 9 7  / k  j a . 
1 9 4 1 8

20. Juschten J, Tuinman PR, Juffermans NP, Dixon B, Levi M, Schultz MJ. Nebulized 
anticoagulants in lung injury in critically ill patients-an updated systematic 
review of preclinical and clinical studies. Ann Transl Med. 2017;5:444.  h t t p  s : /  / 
d o i  . o  r g /  1 0 .  2 1 0 3  7 /  a t m . 2 0 1 7 . 0 8 . 2 3

21. Lan X, Huang Z, Tan Z, Huang Z, Wang D, Huang Y. Nebulized heparin for 
inhalation injury in burn patients: a systematic review and meta-analysis. 
Burns Trauma. 2020;8:tkaa015.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 9 3  / b  u r n s t / t k a a 0 1 5

22. Mannucci PM. Hemostatic drugs. N Engl J Med. 1998;339:245–53.  h t t p  s : /  / d o i  . 
o  r g /  1 0 .  1 0 5 6  / N  E J M  1 9 9  8 0 7 2  3 3  3 9 0 4 0 7

23. Chen L-F, Wang T-C, Lin T-Y, Pao P-J, Chu KC-W, Yang C-H, et al. Does 
Tranexamic acid reduce risk of mortality on patients with hemoptysis? A 
protocol for systematic review and meta-analysis. Medicine. 2021;100:e25898.  
h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 9 7  / M  D . 0  0 0 0  0 0 0 0  0 0  0 2 5 8 9 8

24. Alabdrabalnabi F, Alshahrani M, Ismail N. Nebulized Tranexamic acid for 
recurring hemoptysis in critically ill patients: case series. Int J Emerg Med. 
2020;13:45.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 1 8 6  / s  1 2 2 4 5 - 0 2 0 - 0 0 3 0 4 - x

25. Wand O, Guber E, Guber A, Epstein Shochet G, Israeli-Shani L, Shitrit D. 
Inhaled Tranexamic acid for hemoptysis treatment: A randomized controlled 
trial. Chest. 2018;154:1379–84.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 1 6  / j  . c h  e s t  . 2 0 1  8 .  0 9 . 0 2 6

26. Dermendjieva M, Gopalsami A, Glennon N, Torbati S. Nebulized Tranexamic 
acid in secondary Post-Tonsillectomy hemorrhage: case series and review of 
the literature. Clin Pract Cases Emerg Med. 2021;5:1–7.  h t t p  s : /  / d o i  . o  r g /  1 0 .  5 8 1 
1  / c  p c e m . 2 0 2 1 . 5 . 5 2 5 4 9

27. Booth DY, Cruz JE, Benson CL. Nebulized Tranexamic acid for the use of 
epistaxis: A case report. J Emerg Med. 2020;58:110–2.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 1 6  
/ j  . j e  m e r  m e d .  2 0  1 9 . 1 0 . 0 3 0

28. Infectopharm Arzneimittel und Consilium GmbH. Fachinformation InfectoK-
rupp Inhal 09/2020 (Summary of Product Characteristics).

29. Badovinac S, Glodić G, Sabol I, Džubur F, Makek MJ, Baričević D, et al. 
Tranexamic acid vs adrenaline for controlling iatrogenic bleeding during 
flexible bronchoscopy: A Double-Blind randomized controlled trial. Chest. 
2023;163:985–93.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 1 6  / j  . c h  e s t  . 2 0 2  2 .  1 0 . 0 1 3

30. Aslam RD, Liew J, Besi E. Is 1:1000 adrenaline as a topical haemostat an effec-
tive alternative to control bleeding in dentistry and oral surgery? Br Dent J. 
2023;235:29–34.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 3 8  / s  4 1 4 1 5 - 0 2 3 - 6 0 1 0 - 7

31. Rowlands RG, Hicklin L, Hinton AE. Novel use of nebulised adrenaline in 
the treatment of secondary oropharyngeal haemorrhage. J Laryngol Otol. 
2002;116:123–4.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 2 5 8  / 0  0 2 2 2 1 5 0 2 1 9 0 9 8 3 6

32. Charles MA, Reymond L, Israel F. Relief of incident dyspnea in palliative cancer 
patients: a pilot, randomized, controlled trial comparing nebulized hydro-
morphone, systemic hydromorphone, and nebulized saline. J Pain Symptom 
Manage. 2008;36:29–38.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 1 6  / j  . j p  a i n  s y m m  a n  . 2 0 0 7 . 0 8 . 0 1 6

33. Sarhill N, Walsh D, Khawam E, Tropiano P, Stahley MK. Nebulized hydromor-
phone for dyspnea in hospice care of advanced cancer. Am J Hosp Palliat 
Care. 2000;17:389–91.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 1 7 7  / 1  0 4 9 9 0 9 1 0 0 0 1 7 0 0 6 0 9

34. Fulda GJ, Giberson F, Fagraeus L. A prospective randomized trial of nebulized 
morphine compared with patient-controlled analgesia morphine in the 
management of acute thoracic pain. J Trauma. 2005;59:383–8.  h t t p  s : /  / d o i  . o  r g 
/  1 0 .  1 0 9 7  / 0  1 . t  a . 0  0 0 0 1  7 9  4 5 2 . 7 0 5 2 0 . 1 b. discussion 389– 90.

35. Majidinejad S, Ebrahimi M, Heydari F, Ahmadpour M, Esmailian M. Compari-
son of analgesic effects of nebulized morphine with Fentanyl transdermal 
patch and oral methadone for Cancer patients in terminal stages; a Double-
blind randomized controlled study. Adv J Emerg Med. 2019;3:e23.  h t t p  s : /  / d o i  . 
o  r g /  1 0 .  2 2 1 1  4 /  a j e m . v 0 i 0 . 1 2 9

36. Grissa MH, Boubaker H, Zorgati A, Beltaïef K, Zhani W, Msolli MA, et al. Efficacy 
and safety of nebulized morphine given at 2 different doses compared to IV 
titrated morphine in trauma pain. Am J Emerg Med. 2015;33:1557–61.  h t t p  s : /  
/ d o i  . o  r g /  1 0 .  1 0 1 6  / j  . a j e m . 2 0 1 5 . 0 6 . 0 1 4

37. Thompson JP, Thompson DF. Nebulized Fentanyl in acute pain: A systematic 
review. Ann Pharmacother. 2016;50:882–91.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 1 7 7  / 1  0 6 0 0 2 8 
0 1 6 6 5 9 0 7 7

38. Gaertner J, Fusi-Schmidhauser T, Stock S, Siemens W, Vennedey V. Effect of 
opioids for breathlessness in heart failure: a systematic review and meta-
analysis. Heart. 2023;109:1064–71.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 1 3 6  / h  e a r  t j n  l - 2 0  2 2  - 3 2 2 
0 7 4

39. Feliciano JL, Waldfogel JM, Sharma R, Zhang A, Gupta A, Sedhom R, et al. 
Pharmacologic interventions for breathlessness in patients with advanced 
cancer: A systematic review and Meta-analysis. JAMA Netw Open. 
2021;4:e2037632.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 0 1  / j  a m a  n e t  w o r k  o p  e n . 2 0 2 0 . 3 7 6 3 2

40. Ben-Aharon I, Gafter-Gvili A, Paul M, Leibovici L, Stemmer SM. Interventions 
for alleviating cancer-related dyspnea: a systematic review. J Clin Oncol. 
2008;26:2396–404.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 2 0 0  / J  C O . 2 0 0 7 . 1 5 . 5 7 9 6

41. Viola R, Kiteley C, Lloyd NS, Mackay JA, Wilson J, Wong RKS. The management 
of dyspnea in cancer patients: a systematic review. Support Care Cancer. 
2008;16:329–37.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 0 7  / s  0 0 5 2 0 - 0 0 7 - 0 3 8 9 - 6

42. Kallet RH. The role of inhaled opioids and Furosemide for the treatment of 
dyspnea. Respir Care. 2007;52:900–10.

43. Simon ST, Köskeroglu P, Gaertner J, Voltz R. Fentanyl for the relief of refractory 
breathlessness: a systematic review. J Pain Symptom Manage. 2013;46:874–
86.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 1 6  / j  . j p  a i n  s y m m  a n  . 2 0 1 3 . 0 2 . 0 1 9

https://www.leitlinienprogramm-onkologie.de/leitlinien/palliativmedizin/
https://doi.org/10.1055/a-1388-0567
http://www.leitlinien.de/copd
https://doi.org/10.1055/a-2070-2135
https://doi.org/10.1089/jpm.2009.0113
https://doi.org/10.1016/j.chest.2015.10.016
https://doi.org/10.1016/j.chest.2015.10.016
https://doi.org/10.1016/j.pupt.2017.10.001
https://doi.org/10.1016/j.pupt.2017.10.001
https://doi.org/10.1111/resp.13047
https://doi.org/10.1111/resp.13047
https://doi.org/10.1002/14651858.CD001506.pub5
https://doi.org/10.1002/14651858.CD001506.pub5
https://doi.org/10.1002/14651858.CD006458.pub5
https://doi.org/10.1002/14651858.CD006458.pub5
https://doi.org/10.1002/14651858.CD007168.pub3
https://doi.org/10.1177/1753466619866102
https://doi.org/10.1159/000505291
https://doi.org/10.3390/ph16040584
https://doi.org/10.1164/ajrccm.153.6.8665036
https://doi.org/10.4097/kja.19418
https://doi.org/10.4097/kja.19418
https://doi.org/10.21037/atm.2017.08.23
https://doi.org/10.21037/atm.2017.08.23
https://doi.org/10.1093/burnst/tkaa015
https://doi.org/10.1056/NEJM199807233390407
https://doi.org/10.1056/NEJM199807233390407
https://doi.org/10.1097/MD.0000000000025898
https://doi.org/10.1097/MD.0000000000025898
https://doi.org/10.1186/s12245-020-00304-x
https://doi.org/10.1016/j.chest.2018.09.026
https://doi.org/10.5811/cpcem.2021.5.52549
https://doi.org/10.5811/cpcem.2021.5.52549
https://doi.org/10.1016/j.jemermed.2019.10.030
https://doi.org/10.1016/j.jemermed.2019.10.030
https://doi.org/10.1016/j.chest.2022.10.013
https://doi.org/10.1038/s41415-023-6010-7
https://doi.org/10.1258/0022215021909836
https://doi.org/10.1016/j.jpainsymman.2007.08.016
https://doi.org/10.1177/104990910001700609
https://doi.org/10.1097/01.ta.0000179452.70520.1b
https://doi.org/10.1097/01.ta.0000179452.70520.1b
https://doi.org/10.22114/ajem.v0i0.129
https://doi.org/10.22114/ajem.v0i0.129
https://doi.org/10.1016/j.ajem.2015.06.014
https://doi.org/10.1016/j.ajem.2015.06.014
https://doi.org/10.1177/1060028016659077
https://doi.org/10.1177/1060028016659077
https://doi.org/10.1136/heartjnl-2022-322074
https://doi.org/10.1136/heartjnl-2022-322074
https://doi.org/10.1001/jamanetworkopen.2020.37632
https://doi.org/10.1200/JCO.2007.15.5796
https://doi.org/10.1007/s00520-007-0389-6
https://doi.org/10.1016/j.jpainsymman.2013.02.019


Page 11 of 11Mair et al. BMC Palliative Care          (2025) 24:125 

44. Chen C, Kolbe J, Paton JFR, Fisher JP. Nebulized Fentanyl does not improve 
exercise capacity or dyspnoea in fibrosing interstitial lung disease. Exp 
Physiol. 2025;110:15–22.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 1 1 3  / E  P 0 9 2 1 2 3

45. Jensen D, Alsuhail A, Viola R, Dudgeon DJ, Webb KA, O’Donnell DE. Inhaled 
Fentanyl citrate improves exercise endurance during high-intensity constant 
work rate cycle exercise in chronic obstructive pulmonary disease. J Pain 
Symptom Manage. 2012;43:706–19.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 1 6  / j  . j p  a i n  s y m m  a n  . 2 
0 1 1 . 0 5 . 0 0 7

46. Coyne PJ, Viswanathan R, Smith TJ. Nebulized Fentanyl citrate improves 
patients’ perception of breathing, respiratory rate, and oxygen saturation in 
dyspnea. J Pain Symptom Manage. 2002;23:157–60.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 1 6  / S  
0 8 8 5 - 3 9 2 4 ( 0 1 ) 0 0 3 9 1 - 8

47. Stein WM, Min YK. Nebulized morphine for paroxysmal cough and dyspnea 
in a nursing home resident with metastatic cancer. Am J Hosp Palliat Care. 
1997;14:52–6.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 1 7 7  / 1  0 4 9 9 0 9 1 9 7 0 1 4 0 0 2 0 1

48. Drapkin J, Masoudi A, Butt M, Hossain R, Likourezos A, Motov S. Administra-
tion of nebulized ketamine for managing acute pain in the emergency 
department: A case series. Clin Pract Cases Emerg Med. 2020;4:16–20.  h t t p  s : /  / 
d o i  . o  r g /  1 0 .  5 8 1 1  / c  p c e  m . 2  0 1 9 .  1 0  . 4 4 5 8 2

49. Orji MO, Osinaike BB, Amanor-Boadu SD, Ugheoke A. Nebulized magnesium 
versus ketamine for prevention of post-operative sore throat in patients for 
general anaesthesia. Ann Ib Postgrad Med. 2020;18:3–8.

50. Farshadfar K, Sohooli M, Shekouhi R, Taherinya A, Qorbani M, Rezaei-Kojani 
M. The effects of nebulized ketamine and intravenous magnesium sulfate 
on corticosteroid resistant asthma exacerbation; a randomized clinical trial. 
Asthma Res Pract. 2021;7:15.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 1 8 6  / s  4 0 7 3 3 - 0 2 1 - 0 0 0 8 1 - 1

51. Truesdale K, Jurdi A. Nebulized Lidocaine in the treatment of intractable 
cough. Am J Hosp Palliat Care. 2013;30:587–9.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 1 7 7  / 1  0 4 9 9 
0 9 1 1 2 4 5 8 5 7 7

52. Slaton RM, Thomas RH, Mbathi JW. Evidence for therapeutic uses of 
nebulized Lidocaine in the treatment of intractable cough and asthma. Ann 
Pharmacother. 2013;47:578–85.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 3 4 5  / a  p h . 1 R 5 7 3

53. Panprapakorn K, Tangjaturonrasme N, Rawangban W. Effect of Lidocaine 
nebuliser compared with NSS nebuliser in reducing cough symptom and 
pain in early tracheostomy care. Clinical otolaryngology: official journal of 
ENT-UK; official journal of Netherlands society for Oto-Rhino-Laryngology & 
Cervico-Facial surgery. 2020;45:424–8.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 1 1 1  / c  o a . 1 3 5 2 1

54. Kuo Y-W, Yen M, Fetzer S, Lee J-D. Reducing the pain of nasogastric tube 
intubation with nebulized and atomized Lidocaine: a systematic review and 
meta-analysis. J Pain Symptom Manage. 2010;40:613–20.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 
0 1 6  / j  . j p  a i n  s y m m  a n  . 2 0 1 0 . 0 1 . 0 2 5

55. Galiè N, Humbert M, Vachiery J-L, Gibbs S, Lang I, Torbicki A, et al. 2015 ESC/
ERS guidelines for the diagnosis and treatment of pulmonary hyperten-
sion: the joint task force for the diagnosis and treatment of pulmonary 
hypertension of the European society of cardiology (ESC) and the European 
respiratory society (ERS): endorsed by: association for European paediatric 
and congenital cardiology (AEPC), international society for heart and lung 
transplantation (ISHLT). Eur Heart J. 2016;37:67–119.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 9 3  / 
e  u r h e a r t j / e h v 3 1 7

56. Restrepo MI, Keyt H, Reyes LF. Aerosolized Antibiotics. Respir Care. 
2015;60:762-1; discussion 771–3.  h t t p  s : /  / d o i  . o  r g /  1 0 .  4 1 8 7  / r  e s p c a r e . 0 4 2 0 8

57. Quon BS, Goss CH, Ramsey BW. Inhaled antibiotics for lower airway infec-
tions. Ann Am Thorac Soc. 2014;11:425–34.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 5 1 3  / A  n n a  l s A  T 
S . 2  0 1  3 1 1 - 3 9 5 F R

58. Panigrahi K, Pathi BK, Poddar N, Sabat S, Pradhan S, Pattnaik D, et al. Colistin 
resistance among Multi-Drug resistant Gram-Negative bacterial isolates from 
different clinical samples of ICU patients: prevalence and clinical outcomes. 
Cureus. 2022;14:e28317.  h t t p s :   /  / d o  i .  o r  g  /  1 0  . 7 7   5 9  / c u r  e u s . 2 8 3 1 7

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1113/EP092123
https://doi.org/10.1016/j.jpainsymman.2011.05.007
https://doi.org/10.1016/j.jpainsymman.2011.05.007
https://doi.org/10.1016/S0885-3924(01)00391-8
https://doi.org/10.1016/S0885-3924(01)00391-8
https://doi.org/10.1177/104990919701400201
https://doi.org/10.5811/cpcem.2019.10.44582
https://doi.org/10.5811/cpcem.2019.10.44582
https://doi.org/10.1186/s40733-021-00081-1
https://doi.org/10.1177/1049909112458577
https://doi.org/10.1177/1049909112458577
https://doi.org/10.1345/aph.1R573
https://doi.org/10.1111/coa.13521
https://doi.org/10.1016/j.jpainsymman.2010.01.025
https://doi.org/10.1016/j.jpainsymman.2010.01.025
https://doi.org/10.1093/eurheartj/ehv317
https://doi.org/10.1093/eurheartj/ehv317
https://doi.org/10.4187/respcare.04208
https://doi.org/10.1513/AnnalsATS.201311-395FR
https://doi.org/10.1513/AnnalsATS.201311-395FR
https://doi.org/10.7759/cureus.28317

	Inhaled nebulised medications in palliative care - a survey among palliative care practitioners in Germany
	Abstract
	Background
	Methods
	Study design
	Data collection and questionnaire
	Statistical analysis

	Results
	Baseline characteristics of participants
	Familiarity with inhalative drugs
	Clinical use
	Indication for use in palliative care, dosing, administration interval, and combination with other medications
	Clinical relevance

	Discussion
	Normal saline 0.9% and mucoactive substances hypertonic saline, ambroxol and acetylcysteine
	Bronchodilators and Budesonide, other anti-inflammatory substances
	Bronchodilators and Budesonide
	Dexpanthenol
	Heparin


	Bleeding control (and bronchodilation) by epinephrine and Tranexamic acid
	Tranexamic acid
	Epinephrine

	Opioids, other analgesic drugs
	Opioids
	Ketamine
	Lidocaine

	Iloprost
	Antibiotics
	Limitations
	Conclusions
	References


