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ABSTRACT
Introduction: Nasal irrigations are a longstanding modality of treatment. Mechanical nasal lavage and 
irrigation of the nasal cavities and paranasal sinuses are frequently conflated under the principle of 
nasal irrigations even if the objectives are different.
Areas covered: The aims and principles of these two different modalities are described in the first part of 
the paper. In the second part, the literature is summarized based on the data related to the clinical efficacy 
of the nasal irrigation and on the results of the studies assessing the physical efficacy of the delivery.
Expert opinion: Although abundant, the literature does not provide strong enough evidence about the 
optimal nasal irrigation modality. There is a genuine need for a clear definition of terms and evidence- 
based recommendations on the techniques that should be proposed to patients according to specific 
clinical objectives. The authors proposed a new terminology to distinguish between nasal clearance 
irrigation and nasal drug irrigation.
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1. Introduction

Nasal irrigations are a longstanding modality of treatment, and 
they have been mentioned in the medical literature for centuries. 
The concept originally stems from the Ayurvedic Medicine that 
emphasizes the balance between body, mind, and spirit and 
integrates natural therapies and holistic practices to promote 
well-being in a variety of disorders [1,2]. These methods were 
devised to purify the nasal passages, founded on the belief that 
they foster respiratory well-being and contribute to spiritual 
equilibrium. The first described tool for nasal irrigation was 
a ceramic pot, known as Neti pot, traditionally used in yoga 
practices. From there and with many evolutions related to the 
devices, they became a widespread modality in the modern and 
traditional practices [3]. A majority of otorhinolaryngologists 
prescribe nasal irrigations, especially in patients after 
a functional endoscopic sinus surgery [4].

This technique has been highly popular because it offers an 
opportunity for self-treatment, provided the patient has been 
trained with the technique and regularly monitored. Indeed, 
the maneuver is not difficult to perform and it can be repro
duced regularly. Moreover, it is associated by the patients to 
a natural modality when no mechanical device is required. 
Besides, it is usually inexpensive albeit generally not reim
bursed by social security systems.

In clinical practice, two modalities either for diagnosis or as 
intervention are often conflated under the principle of nasal 
irrigations. These modalities should be distinguished 

depending on the objectives and the related terms should 
be considered based on this distinction. First, the nasal lavage 
should a mechanical mucus clearance of the nasal cavities. 
Second, the nasal irrigation should be a way to deliver a drug 
directly into the sinuses or the nose (considered as irrigation of 
the nasal cavities and paranasal sinuses). The two terms are 
often used interchangeably in both the literature and clinical 
settings. Furthermore, a lavage can also facilitate drug delivery 
either by removing physical obstruction and reducing impac
tion (clearance or increase in the fluidity of the mucus), or 
acting as a decongestant due to the solution used, further 
reinforcing the confusion between these two terms. For these 
reasons, it is difficult not to consider both together. Moreover, 
they refer to preventive, symptomatic or curative purposes.

The nasal administration route has gained interest for sys
temic and brain drug delivery due to the nasal mucosa’s 
porous and thin basement membrane [5], its rich vasculariza
tion [6], and its ability to bypass both first-pass metabolism in 
the liver and the blood-brain barrier [7]. While the concept is 
easy to understand, the practical approaches vary significantly, 
which may explain the discrepancies in their efficacy.

Nasal irrigation may be associated with drug delivery via 
spray or nebulization, particularly when used to facilitate drug 
administration. Even if both are popular [8], the nasal spray is 
widely predominant to intranasal delivery of corticosteroids. In 
a comparative study, both modalities were shown to reach only 
nasal cavities but not paranasal sinus contrarily to a small 
volume irrigation (5 mL) [9]. This may explain why the sprays 
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are less efficient than modalities of nasal irrigation in clinical 
studies [10–12]. Sonic nebulization which adds ultrasonic sound 
waves during the nebulization demonstrated higher clinical 
benefit on olfactory function than nasal spray [13], possibly 
associated to the better delivery of drug into the olfactory 
region [13,14]. However, nebulization and sprays cannot really 
be considered as irrigation/lavage method because the very 
small volume of liquid and the lower amount of drug delivered 
compared to the other modalities of nasal irrigation [15]. For 
these reasons, these two modalities were not discussed further.

2. Aim and mechanism

The presence of nasal secretions and congestion from mucosal 
hypertrophy contribute to obstruction, significantly reducing 
nasal patency. The goals of nasal lavage/irrigation are to 
enhance nasal permeability either by flushing out of the 
nasal cavities inflammatory mediators, secretions, viruses, bac
teria or allergens through shear forces [3], or by constricting 
blood vessels to reduce the infiltration by inflammatory cells, 
or to improve the mucociliary clearance by increasing the 
periciliary layer of the mucus. Nasal lavage is also prescribed 
to promote wound recovery in the postoperative period after 
endoscopic sinus surgery and is considered as an essential 
adjunct to surgery [16]. Nasal lavage presents multiple advan
tages, including low cost, ease of use, and proven efficacy in 
managing sinonasal disorders – factors that contribute to its 
broad clinical adoption.

The underlying mechanism of the main delivering devices is 
universally consistent. Indeed, the device contains a solution. The 
nozzle of the device is then applied to the upper nostril while the 
head is tilted. From there, the gravity drives the flow of the 
solution crossing through the nasal passages [17], filling the 
paranasal sinuses and exiting through the opposite nostril. 
Sometimes, an additional pressure is applied on the solution to 
enhance the effect of the gravity on it. The idea is that the 
solution drags the obstacles along in its flow.

Unlike lavage, the irrigation reaches to deliver locally a drug as 
treatment for nasal cavities or paranasal sinuses diseases. 
Advantages of nasal irrigation on other modalities of drug deliv
ery include low side effects related to the topical delivery and 
hence lower systemic absorption, ease and safety of the techni
que. The main burden associated with this modality is the nar
rowness of the ostiomeatal complex and middle meatus, 
preventing effective distribution of the drug when the sinuses 
are targeted. Moreover, if a sinus is not effectively drained and 

ventilated, this may annihilate the effectiveness of the drug 
delivery, hence its efficiency.

3. Data from the literature

The literature can be split in two sections dealing either with 
the effects of the drugs delivered by nasal irrigation or with 
studies assessing the methodology of delivery.

3.1. About clinical efficacy

Regarding the efficacy, the studies focused mainly on the treat
ment of chronic rhinosinusitis or on the patients who had under
gone an endoscopic sinus surgery. This surgery improves the 
delivery of topical medications with a better sinus distribution, 
mainly in the frontal and sphenoid sinuses [18]. Even, nasal 
lavage and irrigation have been included in the main guidelines 
as a first-line treatment to reduce the drug prescription in chronic 
rhinosinusitis [19,20]. Anti-inflammatory response was reduced 
by irrigation, as shown by the reduced release of interleukin-6 
[21]. In these patients, nasal irrigations with hypertonic saline 
solutions were demonstrated to be safe and tolerable even if 
some minor side effects associated with intranasal delivery were 
reported (e.g.: epistaxis, otalgia, irritation . . .) [22]. They improved 
the quality of life and the nasal symptoms, and they reduced the 
use of medications such as antibiotics and nasal sprays [23,24]. 
Hypertonic saline irrigation has even been clinically proven to be 
more efficient than normal saline [25] with an increase in muco
ciliary clearance, a reduction in the viscosity of the mucus and 
a reduction of the inflammatory status [26,27]. This greater ben
efit over isotonic saline in sinonasal diseases was highlighted in 
a meta-analysis despite greater nasal discomfort and more fre
quent side effects associated with hypertonic solutions [28].

Ringer’s lactate, which maintains the hydration of the 
mucosa and the electrolyte balance, was used as a surrogate 
for iso- or hypertonic solution and also demonstrated a benefit 
on symptoms after 6 weeks in post-surgery [29]. Similarly, due 
to its high concentration in bicarbonates, potassium, and 
calcium and as it improved the ciliary beat frequency as 
shown in vitro, the non-diluted seawater was also considered 
as a solution for irrigation. The diluted seawater did not show 
the same benefits as the non-diluted seawater [30]. The role of 
calcium in the cilia beat regulation explains the advantage of 
non-diluted over diluted seawater [31] because calcium con
centration is greater in non-diluted seawater. Moreover, the 
non-diluted seawater has a pH which is more favorable to 
ciliary beating [32]. However, the clinical data are insufficient 
to conclude about the best option from these various.

Xylitol and hyaluronate were also delivered by irrigation in the 
nose, but the level of evidence for these drugs is still low. Xylitol 
was used as an anti-infective agent [33] because it improves the 
natural bactericidal defenses [34]. It was mainly investigated in 
post-operative period. Benefits were observed on symptoms, 
endoscopic scores, and olfactory function [21]. Hyaluronate con
tributes to hydrate and lubricate the mucosa of the upper air
ways [35]. It also plays a role in the regulation of vasomotor tone 
and gland secretion, promoting mucociliary clearance, and in the 
regulation of the inflammatory response [36,37]. A recent meta- 
analysis noted improvement in symptoms, endoscopic scores, 

Article highlights

● Different modalities of nasal irrigation exist but literature related to 
the clinical efficacy is confusing.

● The authors proposed a new terminology to distinguish between 
clearance and drug delivery.

● The term ‘nasal clearance irrigation’ should be used for mechanical 
irrigation modalities intended for the clearance of secretions and 
debris from the nasal and paranasal cavities.

● The term ‘nasal drug irrigation’ should be used for irrigation mod
alities that aim to deliver medications in a specific area.
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nasal obstruction, and mucociliary clearance with hyaluronate 
delivered by irrigation [38] even though no difference was found 
when compared to saline irrigation [39]. The level of evidence is 
still insufficient [38].

Nasal irrigation with steroids was widely investigated and aims 
to control the sinonasal diseases due to the anti-inflammatory 
properties of steroids and the exposure of the mucosa of the 
nasal cavities and paranasal sinuses to them. This modality was 
considered as efficient as saline solution in patients with chronic 
rhinosinusitis in a recent European position paper [19] although 
discrepancies in the results [40], and concerns regarding of long- 
term use [41] have been reported in the literature. In postopera
tive care for chronic rhinosinusitis, the nasal irrigation with steroids 
reduced the inflammation and associated symptoms, and 
improved the imagery scores, even more than the nasal spray 
[12,42–44]. Outside the surgical context, evidence related to the 
corticosteroids’ irrigation is missing [45].

The antibiotics demonstrated poor evidence about clinical 
efficacy when delivered via nasal irrigation as treatment. The 
recent guidelines concluded antibiotics should not be prescribed 
using this modality [19]. Mupirocin was used for staphylococcal 
decolonization in patients with chronic rhinosinusitis and if short- 
term benefit was observed, it disappeared after 6 months [46].

Nasal irrigation of antifungals did not demonstrated bene
fits in patients after functional endoscopic sinus surgery. 
Indeed, studies failed to observe any improvement on smell 
function, nasal permeability, quality of life and symptoms 
compared to saline solution [47–50].

3.2. About methodology

Various nasal irrigation techniques have been studied using 
different investigative methods both in vitro [51–54] and 
in vivo [9,55,56]. The aim of these studies was to identify 
where the delivery occurred, either in healthy subjects, cada
ver, or patients. The distribution of solution is widely obtained 
into the nasal cavities in contrast to the sinuses with all the 
devices delivering a greater volume than some drops. Indeed, 
the nasal cavities are nearly fully covered [57] although the 
distribution in the sinuses is scarce and varies widely between 
subjects [55,58]. Globally, the solution deposits particularly on 
the septum and inferior turbinate [59] and a double distribu
tion is measured in the nasal cavities compared to the para
nasal sinuses [58]. This is unfavorable to the delivery of drugs 
into the sinuses by irrigation. Moreover, the proportion of the 
volume retained in the nasal cavities and paranasal sinuses is 
low (<5%) which also negatively impacts the clinical efficacy of 
the drugs delivered by irrigation [60].

When evaluating the modalities of delivery, aside from the 
solution type, one must also consider the solution’s volume and 
temperature, the posture of the head as well as the device used 
and its characteristics. Despite ongoing efforts, the current level of 
evidence concerning these parameters remains relatively weak.

3.2.1. Volume of irrigation
The influence of the volume of irrigation on the distribution in 
the nasal cavities and paranasal sinuses was investigated. 
Intuitively and confirmed by an in vitro study, the greater the 
volume of irrigation (between 30 and 500 mL), the larger the 

covered nasal area [61]. Volumes delivered by irrigation in the 
in vivo studies about the modality of delivery ranged from 5 mL 
[9] to 120 mL per nostril [59] although larger volumes of irriga
tion are found in studies assessing the clinical efficacy [39]. 
Anterior and posterior part of the nasal cavities, and maxillary, 
sphenoid, and frontal sinuses were already reached by irrigation 
with a small volume [9]. Even if small and large volumes were 
poorly compared in clinical studies about nasal irrigations, a large 
volume was more efficient for the endoscopic score, at 4 weeks 
postoperatively [11].

3.2.2. Driven-pressure
The pressure used for nasal irrigation can be adjusted from either 
low to high pressure. In the absence of a definition, we arbitrarily 
considered that low pressure (around 10 cm of water) corre
sponds to the only ‘pressure’ coming from the gravitational 
force exerted on the solution (gravity-driven irrigation). This 
pressure is related to the weight (volume) of the liquid column 
and its height, the density of the liquid. High pressure is related 
to any pressure applied to the device and that squeezes the 
solution. Both negative-pressure and positive-pressure irrigation 
effectively delivered saline to the sinuses [55]. In a study on 
cadavers, the authors showed that for a similar and large volume 
(240 mL), an added pressure reduced the overall distribution of 
a water-soluble iodinated radiopaque contrast medium into the 
sinuses [18]. However, the variability of the retention decreases 
when a pressure is used for the irrigation which is probably 
related to the lower impact of the application of the technique 
on the distribution of the liquid in this case [60].

3.2.3. Head position
The head-down-and-forward position seems the favorite pos
ture proposed by the healthcare workers [62], even if the 
nose-to-ceiling position demonstrated a better distribution, 
especially with low volumes of irrigation [63]. The head-back 
position can help to reach specific sinuses [60] and modifies 
the distribution of the delivery into the paranasal sinuses [64], 
mainly after surgery.

The sinus that lies in the lowest position relative to gravity 
(dependent sinus) tends to receive more volume by irrigation 
than the other one (non-dependent) [58]. The targeted sinus and 
the reach rate following the irrigation vary depending on the 
position of the head and the pressure [9,55], even though the 
methodology of the studies does not offer the possibility to inter
pret these influences with a high level of evidence. Compared to 
a conventional gravity-driven irrigation, the irrigation through the 
lower nostril improved the sinus penetration, particularly in the 
maxillary, ethmoid, and frontal sinuses as demonstrated by a study 
on one healthy subject using computational fluid dynamics. This 
backfill irrigation led to faster and greater coverage of the sinuses 
[65]. This result suggests that irrigating against gravity may 
improve fluid retention around sinus openings, enhancing medi
cation delivery. Despite the available data, the current body of 
literature does not yet allow for definitive conclusions to be drawn 
on the position of the head during the maneuver.

3.2.4. Temperature
The temperature of the solutions is known to influence the 
mucociliary clearance [66]. In in vivo studies assessing the 
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effect of the temperature of the solution used for the nasal 
irrigation, no additional benefit for heated solutions (37°C) to 
room-temperature solutions was really observed [67,68]. 
Therefore, it is difficult to conclude about the influence of 
temperature on nasal irrigation effectiveness but the comfort 
seems to be improved with a temperature close to 37°C.

4. Conclusion

Different modalities of nasal irrigation exist, with primarily two 
objectives: cleansing of the nasal or paranasal cavities, and drug 
delivery. However, the literature regarding their clinical efficacy is 
inconclusive, as many variables influence the outcomes and were 
inconsistently addressed across studies. These factors should be 
controlled in future research in order to clarify their impact and 
determine the efficacy of each modality.

5. Expert opinion

This synthesis from the available data showed the difficulties 
to conclude about one modality and the need for further 
investigations, but also the necessity to reach a consensus 
on the methodology and the appropriate terminology for 
the future investigations.

First of all, a precise definition of terminology is indispensable 
to ensure clarity and consistency. We suggest dissociating two 

modalities based on their objectives. Indeed, based on the phy
sical principles, it is totally different aiming to remove secretions 
(or equivalent) from the nasal cavities and eventually the para
nasal sinuses than to target them to deposit a topical medicine. 
The efficacy of a cleaning by flushing out the secretions depends 
on the volume of the solution passing through the nasal cavities, 
and on the speed and the properties of the fluid flow (laminar or 
turbulent) into them. The concept is not the same for the optimal 
deposition of a drug because in this case, the targeted zone is 
essential. While the solution volume and corresponding drug 
dose are relevant parameters, the key determinant of efficacy 
lies in maximizing local drug amount at the intended site of 
action. One can therefore imagine a significant sinus delivery of 
drug despite a smaller overall volume of the delivered solution 
compared to the volume required to fill in the entire nasal cavity. 
Additionally, the contact time becomes a key element for this 
modality which reinforces the need for mucoadhesive drugs and 
innovative particle engineering techniques [69].

From a semantic perspective, the term ‘nasal clearance 
irrigation’ should be used for mechanical irrigation modalities 
intended for the clearance of secretions and debris from the 
nasal and paranasal cavities, while the term ‘nasal drug irriga
tion’ should be used for irrigation modalities that aim to 
deliver medications in a specific area (Figure 1).

For nasal clearance irrigation, the optimal modality should keep 
being investigated. A large volume of a saline solution driven by 

Figure 1. Flowchart of the definition and objectives of nasal irrigation modalities.
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gravity (better global coverage) or by a light pressure (better flow 
in the superior half of the upper cavity [70]) and a head down-and- 
forward position should increase the duration of flow and produce 
a turbulent flow. Such flow involves chaotic and irregular fluid 
motion, which is optimal for dislodging and transporting the 
secretions due to the resulting shear forces. A larger volumes 
also promote a larger cover of all the nasal cavities. This should 
favor the clearance of secretions throughout the entire nasal 
cavities.

For the nasal drug irrigation, investigations are required to 
conclude about the optimal modality or even modalities. Indeed, 
it is probable that more than one modality has to be recom
mended depending on the target. For reaching the nasal cavity, 
the proposition is similar to the nasal washing. However, 
a laminar flow would probably be better as it improves interac
tions between fluid layers (air and different types of liquid or 
semi-liquid substances (sol or gel layer of mucus, blood, pus) in 
the nasal cavities. Therefore, gravity-driven irrigation should be 
advised, as higher pressures do not seem to be optimal to obtain 
such a flow type. The volume of the solution should be chosen 
depending on the side-effects and the required dilution of the 
drug because larger volumes can produce Eustachian tube over
flow and middle ear discomfort with local burning sensation and 
acute pain. If the topical treatment targets the paranasal sinuses, 
pushing the solution against gravity through the lower nostril 
should be advocated to improve the specific penetration of the 
drug into the homolateral sinuses. About the drugs used, even if 
the saline solution could already be efficient, it seems difficult not 
to recommend the corticosteroids’ solution. Based on the avail
able literature, advising different positions for reaching specific 
sinuses is not possible because the data are scarce and not 
heterogeneous. It should be kept in mind that the sinuses are 
difficult to target with nasal drug irrigation.

As the nasal anatomy impacts the distribution of the solution 
and is highly variable between subjects, it is useful to assess the 
efficacy of the nasal clearance irrigation or nasal drug irrigation in 
the clinical practice and to adapt it in case of treatment failure. 
The nozzle orientation should also be modified because it can 
modify the efficacy of the delivery. A personalized approach is 
probably more adapted and that was even investigated with 
benefits [71].

Novel treatments for delivery into the nasal cavities are under 
investigation such as interferon [72], butorphanol [73], or porous 
maltodextrin nanoparticle-formulated vaccine [74] as the nose- 
to-brain route is attractive for a drug delivery strategy. Studies in 
a mouse model of Alzheimer’s disease have demonstrated this 
approach, investigating how nasal irrigation can facilitate the 
direct delivery of therapeutic compounds to the brain [75,76].

These perspectives reinforce the urgent need to establish 
guidelines about the optimal delivery modality from the nasal 
route and algorithms for choosing such modalities in the daily 
routine. These guidelines should pay attention to the risk of con
tamination associated with the preparation of the solution and the 
device.

Funding

G Reychler received a grant from the Institut de Recherche Expérimentale 
et Clinique (Université catholique de Louvain – Brussels – Belgium).

Declarations of interest
The authors have no relevant affiliations or financial involvement with any 
organization or entity with a financial interest in or financial conflict with 
the subject matter or materials discussed in the manuscript. This includes 
employment, consultancies, honoraria, stock ownership or options, expert 
testimony, grants or patents received or pending, or royalties.

Reviewer disclosures
Peer reviewers on this manuscript have no relevant financial or other 
relationships to disclose.

Acknowledgments

The English in this scientific manuscript was reviewed with the assistance 
of Microsoft Copilot.

References

Papers of special note have been highlighted as either of interest (•) 
or of considerable interest (••) to readers.

1. Jabbari P, Yazdanpanah O, Benjamin DJ, et al. The role of ayurveda 
in prostate cancer management. Integr Cancer Ther. 
2025;24:15347354251330906. doi: 10.1177/15347354251330906

2. Rastogi S, Rastogi R. Use of saline nasal irrigation (Jala Neti) in 
SARS-CoV-2 infection and its complications like mucormycosis 
needs to be given a serious consideration. Indian J Otolaryngol 
Head Neck Surg. 2022;74(Suppl 2):3534–3535. doi: 10.1007/s12070- 
022-03149-3

3. Fandino A, Douglas R. A historical review of the evolution of nasal 
lavage systems. J Laryngol Otol. 2021;135(2):110–116. doi: 10.1017/ 
S002221512100030X

4. Portela RA, Hootnick J, McGinn J. Perioperative care in functional 
endoscopic sinus surgery: a survey study. Int Forum Allergy Rhinol. 
2012;2(1):27–33. doi: 10.1002/alr.20098

5. Bajracharya R, Song JG, Back SY, et al. Recent advancements in 
non-invasive formulations for protein drug delivery. Comput Struct 
Biotechnol J. 2019;17:1290–1308. doi: 10.1016/j.csbj.2019.09.004

6. Khafagy S, Morishita M, Kamei N, et al. Efficiency of cell-penetrating 
peptides on the nasal and intestinal absorption of therapeutic 
peptides and proteins. Int J Pharm. 2009;381(1):49–55. doi: 10. 
1016/j.ijpharm.2009.07.022

7. Erdo F, Bors LA, Farkas D, et al. Evaluation of intranasal delivery 
route of drug administration for brain targeting. Brain Research 
Bulletin. 2018;143:155–170. doi: 10.1016/j.brainresbull.2018.10.009

• of interest.
8. de Monte M, Scruignec J, Dubus JC, et al. N.U.A.G.E.S: a survey of 

nebulisation practice in France with regard to ERS guidelines. 
Respir Med. 2007;101(12):2561–2565. doi: 10.1016/j.rmed.2007.03. 
004

9. Wormald P-J, Cain T, Oates L, et al. A comparative study of three 
methods of nasal irrigation. Laryngoscope. 2004;114 
(12):2224–2227. doi: 10.1097/01.mlg.0000149463.95950.c5

10. Pynnonen MA, Mukerji SS, Kim HM, et al. Nasal saline for chronic 
sinonasal symptoms: a randomized controlled trial. Arch 
Otolaryngol Head Neck Surg. 2007;133(11):1115–1120. doi: 10. 
1001/archotol.133.11.1115

11. Salib RJ, Talpallikar S, Uppal S, et al. A prospective randomised 
single-blinded clinical trial comparing the efficacy and tolerability 
of the nasal douching products sterimar and sinus rinse following 
functional endoscopic sinus surgery. Clin Otolaryngol. 2013;38 
(4):297–305. doi: 10.1111/coa.12132

12. Harvey RJ, Snidvongs K, Kalish LH, et al. Corticosteroid nasal irriga
tions are more effective than simple sprays in a randomized 
double-blinded placebo-controlled trial for chronic rhinosinusitis 
after sinus surgery. Int Forum Allergy Rhinol. 2018;8(4):461–470. 
doi: 10.1002/alr.22093

EXPERT OPINION ON DRUG DELIVERY 5

https://doi.org/10.1177/15347354251330906
https://doi.org/10.1007/s12070-022-03149-3
https://doi.org/10.1007/s12070-022-03149-3
https://doi.org/10.1017/S002221512100030X
https://doi.org/10.1017/S002221512100030X
https://doi.org/10.1002/alr.20098
https://doi.org/10.1016/j.csbj.2019.09.004
https://doi.org/10.1016/j.ijpharm.2009.07.022
https://doi.org/10.1016/j.ijpharm.2009.07.022
https://doi.org/10.1016/j.brainresbull.2018.10.009
https://doi.org/10.1016/j.rmed.2007.03.004
https://doi.org/10.1016/j.rmed.2007.03.004
https://doi.org/10.1097/01.mlg.0000149463.95950.c5
https://doi.org/10.1001/archotol.133.11.1115
https://doi.org/10.1001/archotol.133.11.1115
https://doi.org/10.1111/coa.12132
https://doi.org/10.1002/alr.22093


13. Reychler G, Colbrant C, Huart C, et al. Effect of three-drug delivery 
modalities on olfactory function in chronic sinusitis. Laryngoscope. 
2015;125(3):549–555. doi: 10.1002/lary.24937

14. Durand M, Le Guellec S, Pourchez J, et al. Sonic aerosol therapy to 
target maxillary sinuses. Eur Ann Otorhinolaryngol Head Neck Dis. 
2012;129(5):244–250. doi: 10.1016/j.anorl.2011.09.002

15. Cai Y, Gudis DA. Is topical high-volume budesonide sinus irrigation 
safe? Laryngoscope. 2018;128(4):781–782. doi: 10.1002/lary.26880

16. Verma RR, Verma R. Sinonasal irrigation after endoscopic sinus 
surgery - past to present and future. Indian J Otolaryngol Head 
Neck Surg. 2023;75(3):1–8. doi: 10.1007/s12070-023-03525-7

17. Seifelnasr A, Zare F, Si XA, et al. Optimized gravity-driven intranasal 
drop administration delivers significant doses to the ostiomeatal 
complex and maxillary sinus. Drug Deliv Transl Res. 2024;14 
(7):1839–1859. doi: 10.1007/s13346-023-01488-4

18. Harvey RJ, Goddard JC, Wise SK, et al. Effects of endoscopic sinus 
surgery and delivery device on cadaver sinus irrigation. Otolaryngol 
Head Neck Surg. 2008;139(1):137–142. doi: 10.1016/j.otohns.2008. 
04.020

19. Fokkens WJ, Lund VJ, Hopkins C, et al. European position paper on 
rhinosinusitis and nasal polyps 2020. Rhinology. 2020;58(Suppl 
S29):1–464.

•• of considerable interest.
20. Chong LY, Head K, Hopkins C, et al. Saline irrigation for chronic 

rhinosinusitis. Cochrane Database Of Systematic Reviews. 2016;4(4): 
CD011995. doi: 10.1002/14651858.CD011995.pub2

21. Jiang RS, Chiang YF, Liang KL. Efficacy and safety of xylitol nasal 
irrigation after functional endoscopic sinus surgery: a randomized 
controlled study. Biomedicines. 2024;12(6):1377. doi: 10.3390/ 
biomedicines12061377

22. Petty DA, Blaiss MS. Intranasal corticosteroids topical characteris
tics: side effects, formulation, and volume. Am J Rhinol Allergy. 
2013;27(6):510–513. doi: 10.2500/ajra.2013.27.3949

23. Rabago D, Zgierska A, Mundt M, et al. Efficacy of daily hypertonic 
saline nasal irrigation among patients with sinusitis: a randomized 
controlled trial. J Fam Pract. 2002;51(12):1049–1055.

24. Heatley DG, Ke M, Kille TL, et al. Nasal irrigation for the alleviation 
of sinonasal symptoms. Otolaryngol Head Neck Surg. 2001;125 
(1):44–48. doi: 10.1067/mhn.2001.115909

25. Liu L, Pan M, Li Y, et al. Efficacy of nasal irrigation with hypertonic 
saline on chronic rhinosinusitis: systematic review and 
meta-analysis. Braz J Otorhinolaryngol. 2020;86(5):639–646. doi:  
10.1016/j.bjorl.2020.03.008

26. Homer JJ, Dowley AC, Condon L, et al. The effect of hypertonicity 
on nasal mucociliary clearance. Clin Otolaryngol Allied Sci. 2000;25 
(6):558–560. doi: 10.1046/j.1365-2273.2000.00420.x

27. Talbot AR, Herr TM, Parsons DS. Mucociliary clearance and buffered 
hypertonic saline solution. Laryngoscope. 1997;107(4):500–503. doi:  
10.1097/00005537-199704000-00013

28. Kanjanawasee D, Seresirikachorn K, Chitsuthipakorn W, et al. 
Hypertonic saline versus isotonic saline nasal irrigation: systematic 
review and meta-analysis. Am J Rhinol Allergy. 2018;32(4):269–279. 
doi: 10.1177/1945892418773566

•• of considerable interest.
29. Low TH, Woods CM, Ullah S, et al. A double-blind randomized 

controlled trial of normal saline, lactated Ringer’s, and hypertonic 
saline nasal irrigation solution after endoscopic sinus surgery. Am 
J Rhinol Allergy. 2014;28(3):225–231. doi: 10.2500/ajra.2014.28.4031

30. Bonnomet A, Luczka E, Coraux C, et al. Non-diluted seawater 
enhances nasal ciliary beat frequency and wound repair speed 
compared to diluted seawater and normal saline. Int Forum 
Allergy Rhinol. 2016;6(10):1062–1068. doi: 10.1002/alr.21782

31. Schmid A, Salathe M. Ciliary beat co-ordination by calcium. Biol 
Cell. 2011;103(4):159–169. doi: 10.1042/BC20100120

32. Luk CK, Dulfano MJ. Effect of pH, viscosity and ionic-strength 
changes on ciliary beating frequency of human bronchial 
explants. Clin Sci (lond). 1983;64(4):449–451. doi: 10.1042/ 
cs0640449

• of interest.

33. Weissman JD, Fernandez F, Hwang PH. Xylitol nasal irrigation in the 
management of chronic rhinosinusitis: a pilot study. Laryngoscope. 
2011;121(11):2468–2472. doi: 10.1002/lary.22176

34. Kim DH, Kim Y, Lim IG, et al. Effect of postoperative xylitol nasal 
irrigation on patients with sinonasal diseases. Otolaryngol Head 
Neck Surg. 2019;160(3):550–555. doi: 10.1177/0194599818802815

35. Savietto E, Marioni G, Maculan P, et al. Effectiveness of micronized 
nasal irrigations with hyaluronic acid/isotonic saline solution in 
non-polipoid chronic rhinosinusitis: a prospective, randomized, 
double-blind, controlled study. Am J Otolaryngol. 2020;41 
(4):102502. doi: 10.1016/j.amjoto.2020.102502

36. Wolny PM, Banerji S, Gounou C, et al. Analysis of CD44-hyaluronan 
interactions in an artificial membrane system: insights into the 
distinct binding properties of high and low molecular weight 
hyaluronan. J Biol Chem. 2010;285(39):30170–30180. doi: 10.1074/ 
jbc.M110.137562

37. Gelardi M, Iannuzzi L, Quaranta N. Intranasal sodium hyaluronate 
on the nasal cytology of patients with allergic and nonallergic 
rhinitis. Int Forum Allergy Rhinol. 2013;3(10):807–813. doi: 10. 
1002/alr.21193

38. Liu H, Chen Y, Wang H, et al. Efficacy of hyaluronic acid in the 
treatment of nasal inflammatory diseases: a systematic review and 
meta-analysis. Front Pharmacol. 2024;15:1350063. doi: 10.3389/ 
fphar.2024.1350063

• of interest.
39. Mozzanica F, Preti A, Gera R, et al. Double-blind, randomised con

trolled trial on the efficacy of saline nasal irrigation with sodium 
hyaluronate after endoscopic sinus surgery. J Laryngol Otol. 
2019;133(4):300–308. doi: 10.1017/S0022215119000446

40. Yoon HY, Lee HS, Kim IH, et al. Post-operative corticosteroid irriga
tion for chronic rhinosinusitis after endoscopic sinus surgery: a 
meta-analysis. Clin Otolaryngol. 2018;43(2):525–532. doi: 10.1111/ 
coa.13015

41. Soudry E, Wang J, Vaezeafshar R, et al. Safety analysis of long-term 
budesonide nasal irrigations in patients with chronic rhinosinusitis 
post endoscopic sinus surgery. Int Forum Allergy Rhinol. 2016;6 
(6):568–572. doi: 10.1002/alr.21724

42. Kang TW, Chung JH, Cho SH, et al. The effectiveness of budesonide 
nasal irrigation after endoscopic sinus surgery in chronic rhinosi
nusitis with asthma. Clin Exp Otorhinolaryngol. 2017;10(1):91–96. 
doi: 10.21053/ceo.2016.00220

43. Grayson JW, Cavada M, Wong E, et al. Effects of sphenoid surgery 
on nasal irrigation delivery. Int Forum Allergy Rhinol. 2019;9 
(9):971–976. doi: 10.1002/alr.22371

44. Grayson JW, Harvey RJ. Topical corticosteroid irrigations in chronic 
rhinosinusitis. Int Forum Allergy Rhinol. 2019;9(S1):S9–S15. doi: 10. 
1002/alr.22331

45. Bernstein JA, White AA, Han JK, et al. Review of evidence support
ing the use of nasal corticosteroid irrigation for chronic 
rhinosinusitis. Ann Allergy Asthma Immunol. 2023;130(1):46–57. 
doi: 10.1016/j.anai.2022.09.008

•• of considerable interest.
46. Kim JS, Kwon SH, Thierry B. Mupirocin in the treatment of staphy

lococcal infections in chronic rhinosinusitis: a meta-analysis. PLOS 
ONE. 2016;11(12):e0167369. doi: 10.1371/journal.pone.0167369

47. Head K, Sharp S, Chong LY, et al. Topical and systemic antifungal 
therapy for chronic rhinosinusitis. Cochrane Database Syst Rev. 
2018;9(9):CD012453. doi: 10.1002/14651858.CD012453.pub2

48. Jiang RS, Twu CW, Liang KL. Efficacy of nasal irrigation with 200 
mug/mL amphotericin B after functional endoscopic sinus surgery: 
a randomized, placebo-controlled, double-blind study. Int Forum 
Allergy Rhinol. 2018;8(1):41–48. doi: 10.1002/alr.22033

49. Ebbens FA, Scadding GK, Badia L, et al. Amphotericin B nasal 
lavages: not a solution for patients with chronic rhinosinusitis. 
J Allergy Clin Immunol. 2006;118(5):1149–1156. doi: 10.1016/j.jaci. 
2006.07.058

50. Gerlinger I, Fittler A, Fonai F, et al. Postoperative application of 
amphotericin B nasal spray in chronic rhinosinusitis with nasal 
polyposis, with a review of the antifungal therapy. Eur Arch 

6 G. REYCHLER ET AL.

https://doi.org/10.1002/lary.24937
https://doi.org/10.1016/j.anorl.2011.09.002
https://doi.org/10.1002/lary.26880
https://doi.org/10.1007/s12070-023-03525-7
https://doi.org/10.1007/s13346-023-01488-4
https://doi.org/10.1016/j.otohns.2008.04.020
https://doi.org/10.1016/j.otohns.2008.04.020
https://doi.org/10.1002/14651858.CD011995.pub2
https://doi.org/10.3390/biomedicines12061377
https://doi.org/10.3390/biomedicines12061377
https://doi.org/10.2500/ajra.2013.27.3949
https://doi.org/10.1067/mhn.2001.115909
https://doi.org/10.1016/j.bjorl.2020.03.008
https://doi.org/10.1016/j.bjorl.2020.03.008
https://doi.org/10.1046/j.1365-2273.2000.00420.x
https://doi.org/10.1097/00005537-199704000-00013
https://doi.org/10.1097/00005537-199704000-00013
https://doi.org/10.1177/1945892418773566
https://doi.org/10.2500/ajra.2014.28.4031
https://doi.org/10.1002/alr.21782
https://doi.org/10.1042/BC20100120
https://doi.org/10.1042/cs0640449
https://doi.org/10.1042/cs0640449
https://doi.org/10.1002/lary.22176
https://doi.org/10.1177/0194599818802815
https://doi.org/10.1016/j.amjoto.2020.102502
https://doi.org/10.1074/jbc.M110.137562
https://doi.org/10.1074/jbc.M110.137562
https://doi.org/10.1002/alr.21193
https://doi.org/10.1002/alr.21193
https://doi.org/10.3389/fphar.2024.1350063
https://doi.org/10.3389/fphar.2024.1350063
https://doi.org/10.1017/S0022215119000446
https://doi.org/10.1111/coa.13015
https://doi.org/10.1111/coa.13015
https://doi.org/10.1002/alr.21724
https://doi.org/10.21053/ceo.2016.00220
https://doi.org/10.1002/alr.22371
https://doi.org/10.1002/alr.22331
https://doi.org/10.1002/alr.22331
https://doi.org/10.1016/j.anai.2022.09.008
https://doi.org/10.1371/journal.pone.0167369
https://doi.org/10.1002/14651858.CD012453.pub2
https://doi.org/10.1002/alr.22033
https://doi.org/10.1016/j.jaci.2006.07.058
https://doi.org/10.1016/j.jaci.2006.07.058


Otorhinolaryngol. 2009;266(6):847–855. doi: 10.1007/s00405-008- 
0836-0

51. Piromchai P, Puvatanond C, Kirtsreesakul V, et al. Effectiveness of 
nasal irrigation devices: a Thai multicentre survey. PeerJ. 2019;7: 
e7000. doi: 10.7717/peerj.7000

52. Wu D, Chang F, Hong J, et al. Development of an apparatus and 
procedure for evaluating the efficiency of nasal irrigation. Eur Arch 
Otorhinolaryngol. 2022;279(8):3997–4005. doi: 10.1007/s00405- 
021-07249-8

53. Djupesland PG, Messina JC, Palmer JN. Deposition of drugs in the 
nose and sinuses with an exhalation delivery system vs conven
tional nasal spray or high-volume irrigation in draf II/III 
post-surgical anatomy. Rhin. 2019. doi: 10.4193/Rhin18.304

54. Siu J, van Strien J, Campbell R, et al. Comparison of sinus deposi
tion from an aqueous nasal spray and pressurised MDI in a 
post-endoscopic sinus surgery nasal replica. Pharm Res. 2022;39 
(2):317–327. doi: 10.1007/s11095-021-03129-2

55. Olson DEL, Rasgon BM, Hilsinger RL. Radiographic comparison of 
three methods for nasal saline irrigation. Laryngoscope. 2002;112 
(8):1394–1398. doi: 10.1097/00005537-200208000-00013

56. Miller TR, Muntz HR, Gilbert ME, et al. Comparison of topical 
medication delivery systems after sinus surgery. Laryngoscope. 
2004;114(2):201–204. doi: 10.1097/00005537-200402000-00004

57. Inthavong K, Shang Y, Wong E, et al. Characterization of nasal 
irrigation flow from a squeeze bottle using computational fluid 
dynamics. Int Forum Allergy Rhinol. 2020;10(1):29–40. doi: 10. 
1002/alr.22476

58. Cnockaert P, Audag N, Poncin W. Nasal irrigation practice habits in 
infants: a Belgian survey. Archives de Pédiatrie. 2022;29(3):S200– 
206. doi: 10.1016/j.arcped.2022.01.010

59. Bleier BS, Debnath I, Harvey RJ, et al. Temporospatial quantifi
cation of fluorescein-labeled sinonasal irrigation delivery. 
Int Forum Allergy Rhinol. 2011;1(5):361–365. doi: 10.1002/alr. 
20041

60. Harvey RJ, Debnath N, Srubiski A, et al. Fluid residuals and drug 
exposure in nasal irrigation. Otolaryngol Head Neck Surg. 2009;141 
(6):757–761. doi: 10.1016/j.otohns.2009.09.006

61. Campos J, Heppt W, Weber R. Nasal douches for diseases of the 
nose and the paranasal sinuses–a comparative in vitro investiga
tion. Eur Arch Otorhinolaryngol. 2013;270(11):2891–2899. doi: 10. 
1007/s00405-013-2398-z

62. Audag N, Cnockaert P, Reychler G, et al. Consensus on nasal irriga
tion in infants: a delphi study. Ann Otol Rhinol Laryngol. 2023;132 
(6):674–683. doi: 10.1177/00034894221112514

63. Thomas WW, Harvey RJ, Rudmik L, et al. Distribution of topical 
agents to the paranasal sinuses: an evidence-based review with 
recommendations. Int Forum Allergy Rhinol. 2013;3(9):691–703. 
doi: 10.1002/alr.21172

64. Craig JR, Palmer JN, Zhao K. Computational fluid dynamic modeling of 
nose-to-ceiling head positioning for sphenoid sinus irrigation. 
Int Forum Allergy Rhinol. 2017;7(5):474–479. doi: 10.1002/alr.21908

65. Kim K, Otto BA, Farag AA, et al. Topical irrigation against gravity 
may lead to better sinus penetration. Int Forum Allergy Rhinol. 
2021;11(2):198–200. doi: 10.1002/alr.22711

66. Green A, Smallman LA, Logan AC, et al. The effect of temperature 
on nasal ciliary beat frequency. Clin Otolaryngol Allied Sci. 1995;20 
(2):178–180. doi: 10.1111/j.1365-2273.1995.tb00040.x

67. Sauvalle M, Alvo A. Effect of the temperature of nasal lavages on 
mucociliary clearance: a randomised controlled trial. Eur Arch 
Otorhinolaryngol. 2018;275(9):2403–2406. doi: 10.1007/s00405- 
018-5060-y

68. Nimsakul S, Ruxrungtham S, Chusakul S, et al. Does heating up 
saline for nasal irrigation improve mucociliary function in chronic 
rhinosinusitis? Am J Rhinol Allergy. 2018;32(2):106–111. doi: 10. 
1177/1945892418762872

69. Seifelnasr A, Talaat M, Si XA, et al. Delivery of agarose-aided sprays to 
the posterior nose for mucosa immunization and short-term protec
tion against infectious respiratory diseases. Curr Pharm Biotechnol. 
2024;25(6):787–798. doi: 10.2174/1389201024666230801142913

70. Salati H, Khamooshi M, Fletcher DF, et al. Computational investiga
tion of nasal surface coverage from squeeze bottle and neti pot 
saline irrigation flow. Comput Methods Programs Biomed. 
2022;227:107223. doi: 10.1016/j.cmpb.2022.107223

71. Root ZT, Lepley TJ, Kim K, et al. Optimizing corticosteroid sinonasal 
irrigation outcomes through 3D printing: a randomized Pilot clin
ical trial. OTO Open. 2024;8(4):e70036. doi: 10.1002/oto2.70036

72. Gonzalez LF, Acuna E, Arellano G, et al. Intranasal delivery of 
interferon-beta-loaded nanoparticles induces control of neuroinflam
mation in a preclinical model of multiple sclerosis: a promising simple, 
effective, non-invasive, and low-cost therapy. J Control Release. 
2021;331:443–459. doi: 10.1016/j.jconrel.2020.11.019

73. Sun J, Wu F, Wu M, et al. Effect of butorphanol nasal spray admin
istration on patient cooperativity during labor epidural placement: 
a single-center randomized controlled trial. Perioper Med (Lond). 
2025;14(1):59. doi: 10.1186/s13741-025-00535-7

74. Fasquelle F, Scuotto A, Howsam M, et al. Maltodextrin-Nanoparticles 
as a delivery system for nasal vaccines: a review article. Pharmaceutics. 
2024;16(2):247. doi: 10.3390/pharmaceutics16020247

75. Sun C, Sha S, Shan Y, et al. Intranasal delivery of BACE1 siRnA and 
Berberine via engineered stem cell exosomes for the treatment of 
Alzheimer’s disease. Int J Nanomedicine. 2025;20:5873–5891. doi:  
10.2147/IJN.S506793

76. Bhilare KD, Dobariya P, Lee A, et al. Intranasal delivery of metabo
lically resilient glutathione: In Vivo pharmacokinetic, permeation, 
and efficacy studies. Mol Pharm. 2025;22(7):4145–4157. doi: 10. 
1021/acs.molpharmaceut.5c00382

EXPERT OPINION ON DRUG DELIVERY 7

https://doi.org/10.1007/s00405-008-0836-0
https://doi.org/10.1007/s00405-008-0836-0
https://doi.org/10.7717/peerj.7000
https://doi.org/10.1007/s00405-021-07249-8
https://doi.org/10.1007/s00405-021-07249-8
https://doi.org/10.4193/Rhin18.304
https://doi.org/10.1007/s11095-021-03129-2
https://doi.org/10.1097/00005537-200208000-00013
https://doi.org/10.1097/00005537-200402000-00004
https://doi.org/10.1002/alr.22476
https://doi.org/10.1002/alr.22476
https://doi.org/10.1016/j.arcped.2022.01.010
https://doi.org/10.1002/alr.20041
https://doi.org/10.1002/alr.20041
https://doi.org/10.1016/j.otohns.2009.09.006
https://doi.org/10.1007/s00405-013-2398-z
https://doi.org/10.1007/s00405-013-2398-z
https://doi.org/10.1177/00034894221112514
https://doi.org/10.1002/alr.21172
https://doi.org/10.1002/alr.21908
https://doi.org/10.1002/alr.22711
https://doi.org/10.1111/j.1365-2273.1995.tb00040.x
https://doi.org/10.1007/s00405-018-5060-y
https://doi.org/10.1007/s00405-018-5060-y
https://doi.org/10.1177/1945892418762872
https://doi.org/10.1177/1945892418762872
https://doi.org/10.2174/1389201024666230801142913
https://doi.org/10.1016/j.cmpb.2022.107223
https://doi.org/10.1002/oto2.70036
https://doi.org/10.1016/j.jconrel.2020.11.019
https://doi.org/10.1186/s13741-025-00535-7
https://doi.org/10.3390/pharmaceutics16020247
https://doi.org/10.2147/IJN.S506793
https://doi.org/10.2147/IJN.S506793
https://doi.org/10.1021/acs.molpharmaceut.5c00382
https://doi.org/10.1021/acs.molpharmaceut.5c00382

	Abstract
	1.  Introduction
	2.  Aim and mechanism
	3.  Data from the literature
	3.1.  About clinical efficacy
	3.2.  About methodology
	3.2.1.  Volume of irrigation
	3.2.2.  Driven-pressure
	3.2.3.  Head position
	3.2.4.  Temperature


	4.  Conclusion
	5.  Expert opinion
	Funding
	Declarations of interest
	Reviewer disclosures
	Acknowledgments
	References

