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Application of nasal irrigation in the treatment of 
chronic rhinosinusitis
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ABSTRACT 
Nasal irrigation (NI) for the local treatment of chronic rhinosinusitis (CRS) has some specificity due to the deep anatomical site of the 
sinuses. The purpose of this review is to help standardize the application of NI in healthcare practice, improve the prevention and 
treatment of CRS, and facilitate further research on the local treatment of CRS in the future. We searched the PubMed database 
for 342 articles in the last decade, using the keywords “saline nasal irrigation” and “chronic rhinosinusitis.” We summarize the 
studies on the mechanism of action, rinsing solution, rinsing apparatus, and rinsing method of NI for CRS. NI plays an important 
role in the treatment of CRS, and it is a beneficial low-risk treatment. Isotonic saline is the most accepted flushing solution, and 
large-volume low-pressure flushing bottles are the flushing devices with the best flushing effect and are generally tolerated by 
patients. Phage, colloidal silver, and hydrogen can be further studied as components of rinses. NI plays an important role in the 
treatment of CRS, and it is a beneficial low-risk treatment. Further high-quality and expanded sample size studies on other flushing 
solutions, flushing head position, flushing frequency, and treatment courses are still needed, and lessons learned in practice.
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1. Introduction

Chronic rhinosinusitis (CRS) is a chronic inflammatory disease 
of the sinus mucosa, an inflammatory disease thought to be 
associated with allergies and immunity, mostly involving mul-
tiple sinuses, with symptoms such as nasal congestion, runny 
nose, loss of smell, and headache lasting more than 12 weeks, 
with or without nasal polyps [1]. It is a heterogeneous dis-
ease, usually refractory, with a prevalence of 6% to 27.1% 
[1] and an incidence of approximately 1,800 to 2,300 per 
100,000 people [2], which negatively affects the quality of life 
of patients.

The origins of nasal irrigation (NI) can be traced back to the 
ancient Hindu art of Hatha yoga in the 1st millennium B.C. [3], 
which is an important component of the yogic system of bodily 
cleansing. NI is thought to act through a variety of mechanisms, 
generally based on the thinning of nasal secretions and the result-
ing improved mucociliary clearance, direct removal of mucus, 
antigens, bacterial membranes or inflammatory mediators, and 

possibly vasoconstriction, thus reducing congestion and nasal 
congestion to some extent. Simple and convenient to operate, 
NI is noted in many guidelines for the treatment of sinusitis and 
nasal polyps [1, 4, 5] as an important treatment for nasal and 
sinus disease as well as postoperatively, and occupies an import-
ant position in the recovery of nasal mucosal morphology and 
function. Simple and convenient to operate, even in children with 
CRS, NI may be beneficial [6] and is recommended as one of the 
initial medical management measures for CRS in children [7].

Although NI is recommended as effective for the treatment 
of CRS in various guidelines and consensus [1, 7–10], there are 
many corresponding studies showing that there is still a wide 
variation in flushing fluid composition, flushing volume, fre-
quency duration, and flushing equipment. Moreover, patient 
compliance in clinical practice is uneven [8], with a recent study 
reporting [11] that only 24% of patients had daily compliance 
and only 19% used irrigation regularly, which does not reflect 
well on the true efficacy and makes it difficult to assess the 
results of clinical studies.

We used NI and chronic sinusitis as keywords and searched 
the PubMed database for 342 relevant literature over a 
10-year period from 2012 to 2022, with the main eligibility 
criteria being articles in English, randomized and controlled 
trials, including retrospective studies, literature reviews, and 
CRS studies in children, excluding the acute sinusitis NI lit-
erature. Additional relevant literature was also identified 
by reviewing the reference lists of the selected articles. The 
authors independently assessed the full text of each literature, 
excluded those that were not considered relevant to the topic 
of this review, and summarized them according to the follow-
ing aspects in the hope of informing clinical use and future 
related research.

2. Therapeutic mechanism of NI for sinusitis

The etiology and pathophysiological mechanisms of CRS 
are complex and are mainly related to a variety of factors, 
including anatomical structures, genetics, metabolic reactions, 
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environment, and so on. Increasing evidence supports the pre-
dominance of inflammation in the pathogenesis of CRS [12–
14], with intrinsic and extrinsic factors involved in a complex 
interplay, including bacterial biofilm formation. Given that CRS 
inflammation occurs at the interface between the mucosa and 
the external environment, it seems reasonable to target exoge-
nous drugs or interventions that act at this interface. Treatment 
of CRS is a long-term process aimed at achieving local inflam-
matory control and alleviating patient symptoms, with a clinical 
preference for local treatment acting on the nasal cavity and 
sinuses, and NI is the main local treatment method. It is cur-
rently believed that the therapeutic mechanism of NI may have 
the following several aspects.

2.1. Physical or mechanical scouring effect

The therapeutic effect of NI may lie more in its physical flush-
ing mechanism [15], which flushes out mucus, allergens, and air 
pollutants from the nasal cavity.

2.2. Improving mucosal cilia function

Normal ciliary function plays an important role in maintain-
ing a clean nasal cavity and sinuses. Irrigation improves cili-
ary activity and allows cilia to transport mucus, particles, and 
microorganisms efficiently [16].

2.3. Alleviating mucosal inflammatory edema

NI increases local blood circulation in the nasal cavity and has 
a mild vasoconstrictive effect, so it can alleviate mucosal inflam-
matory edema and improve patients’ symptoms such as nasal 
congestion and headache [17].

2.4. Reduction of bacteria and biofilm formation

The biofilm-forming ability of bacteria plays an important role 
in the pathogenesis of sinusitis. NI reduces the diversity of the 
nasal flora structure and decreases the flora species and biofilm 
formation, allowing the timely removal of some of the more 
strongly adherent bacteria [18].

2.5. Immunomodulatory effects on the nasal mucosa

NI may also inhibit the development of chronic inflammation 
of the sinuses through immunomodulatory effects. NI was also 
found to reduce the level of IL-8 expression in CRS, possibly 
accompanied by a decrease in neutrophil chemotaxis, for local 
immunomodulation [19]. Relying on certain added ingredients 
of the flushing solution, such as hydrogen, can also have some 
immunomodulatory effects, as described in the later section on 
flushing solution ingredients.

2.6. Special mechanisms of NI after CRS surgery

Postoperative patients with CRS are routinely given biodegrad-
able hemostatic sponges to stop bleeding, and when it degrades 
on its own, the residual hemostatic material and crusts will 
adhere to the operative cavity, thus delaying epithelialization 
of the operative cavity. Recent postsinus surgery flushing can 
effectively mechanically remove postoperative blood clots, 
degraded caulking material and crusts, and remove mucous 
snot, pathogens, and allergens from the nasal cavity to improve 

nasal mucosal cilia function, reduce inflammatory factor release, 
decrease nasal mucosal edema, unblock sinus drainage, promote 
sinus secretion drainage, facilitate surgical wound healing, and 
reduce the risk of postoperative adhesion [20, 21]. The distant 
irrigation after sinusitis surgery makes it easier to clean the sinus 
cavity locally during irrigation and to distribute the irrigating 
drugs into the sinus cavity because the surgery enlarges the sinus 
opening and opens the sinuses.

Endoscopic sinus surgery (ESS) is essential to provide effec-
tive local solution distribution, and flushing can be enhanced, 
especially in the frontal sinus and sphenoid sinus, by unblocking 
and clearing drainage through nasal endoscopy [22]. Barham et 
al. [23] using a cadaveric head, concluded that the Draf type III 
procedure (which involves removal of the entire frontal sinus 
floor, frontal sinus septum, and part of the superior nasal sep-
tum to create a common cavity) provides the best delivery path-
way for local drug therapy in patients with frontal sinus disease. 
The clinical study by Li et al. [24]. resulted in good control of 
CRS after complete nasal endoscopic removal of the inter-sinus 
septum to form a new sinus cavity with NI.

3. Studies related to the composition of nasal rinse 
solution

3.1. Saline

Saline is most commonly used for NI, and the solution can be 
isotonic (saline), hypotonic, or hypertonic, and can be in buff-
ered or nonbuffered form [1]. In several randomized trials, 
saline irrigation improved symptoms, quality of life, and endo-
scopic findings in CRS, and its good safety profile makes it an 
attractive long-term local treatment strategy [25, 26].

Although isotonic saline is the most commonly used NI 
solution, [18, 19] this search revealed more studies with higher 
acceptance of hypertonic saline in the last 5 years. A very early 
study found a statistically significant improvement in nasal 
mucociliary clearance when hypertonic saline was applied to 
patients with CRS. Kanjanawasee et al. [27] showed that hyper-
tonic saline was superior to isotonic saline and that hypertonic 
solution promoted water drainage from cells, alleviated muco-
sal edema, and increased lysis layer hydration more significantly 
than isotonic solution, thereby reducing mucus adhesion and 
improving mucus cilia removal power. There was a meta-analy-
sis on several different concentrations of saline for NI for CRS 
[28], which ultimately concluded that hypertonic saline was sig-
nificantly more effective in improving nasal congestion, nasal 
secretion and headache symptoms, and nasal cilia movement 
with mild side effects compared with isotonic saline, but there 
were no significant differences in imaging performance and 
olfactory improvement. Wang et al. [17].searched the database 
until 2019 and found that the application of buffered hyper-
tonic saline (1.25%, 2%, 2.7%, and 3%) compared with iso-
tonic saline (0.9%) irrigation, local hypertonic saline alleviated 
nasal edema, improved the nasal cavity environment, and had 
a relatively lower rate of postoperative complications, and 3% 
hypertonic saline was more effective. However, it is worth noting 
that the concentration of hypertonic saline should not exceed 
3% because higher concentrations (6% or higher) can have a 
deleterious effect on mucociliary clearance and may cause some 
severe mucosal irritation and other adverse effects [17], causing 
significant nasal pain when the hypertonic saline concentration 
is >2.7% [29] and nasal congestion secondary to vasodilation at 
concentrations >5.4%23. Low et al. [30] compared the effects of 
lactated Ringer’s solution, isotonic saline, and hypertonic saline 
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for NI after sinus surgery, and they found that lactated Ringer’s 
solution improved the symptoms of sinusitis such as nasal con-
gestion and headache with better results.

Although hypertonic saline rinses have their advantages 
based on the current literature review, after all, the sample sizes 
of these studies are small, and the 2020 EPOSS Steering Group 
still recommends that isotonic saline or lactated Ringer’s salts 
for nasal saline rinses are preferable [1].

3.2. Other components of the rinse solution

Local nasal administration directly contacts the mucous mem-
branes of the nasal cavity and sinuses, theoretically allowing for 
higher local concentrations and fewer systemic effects. Based on 
this, there have been many studies on nasal rinses, but in general, 
not many have actually been promoted for clinical application. 
For example, the use of xylitol for CRS and local fluconazole 
for allergic fungal sinusitis seemed promising 10 years ago, but 
nasal rinses with xylitol are still not commonly promoted today, 
while nasal rinses with antifungal drugs are currently the major-
ity of opposing views.

3.2.1. Corticosteroids from anti-inflammatory 
mechanism  Corticosteroids bind to specific cytoplasmic 
glucocorticoid receptors and have a multifactorial effect, 
activating anti-inflammatory gene transcription and inhibiting 
pro-inflammatory gene transcription, reducing inflammatory 
cell infiltration and cytokine production. Recent studies 
suggest that the utility of steroids in CRS treatment may not 
be limited to their anti-inflammatory effects but also exhibit in 
vitro antimicrobial effects [12, 31]. Delivery of local steroids 
by irrigation to improve CRS has also been recommended by 
many guidelines [1, 32]. The effectiveness and safety studies of 
steroids for CRS irrigation are the most numerous compared 
with other nasal rinse components, and some of our studies over 
the last 10 years are summarized in Table 1.

One of the more studied corticosteroid flushing agents is 
budesonide and 9 of the 13 studies we summarized studied 
budesonide. Budesonide is an effective local corticosteroid with 
approximately 1,000 times the local anti-inflammatory potency 
of cortisol, and most of the relevant studies have used it for 
postoperative irrigation of CRS [33–39], all of which concluded 
that budesonide is safe and effective for postoperative irrigation 
of CRS and facilitates postoperative management of CRS. There 
is also a significant clinical benefit for patients with refractory 
CRS [40] or CRS who have not undergone sinus surgery [41]. 
However, Rawal et al. [42] found no significant difference 
between irrigation with saline and saline plus budesonide in 
patients with postoperative CRSwNP. The single flush dose of 
budesonide in these studies ranged from 0.5 to 2 mg, and the 
frequency of flushing varied from 1 to 3 times a day, but 0.5 mg/
dose once a day was the most common.

Fluticasone propionate may have higher potency and lower 
systemic bioavailability compared with budesonide; therefore, 
Man et al. [43] used fluticasone propionate for postoperative 
rinsing in CRS and found no changes in intraocular pressure, 
blood, and urine cortisol and considered it a safe treatment 
option. Studies [38, 39] using mometasone NI in the treatment 
of CRS have found that the efficacy is better than that with 
mometasone topical spray.

There are also reviews on NI after sinus surgery for CRS [46, 
47]. Some believe that NI after sinus surgery is not beneficial 
[46], while others suggest that using local corticosteroids in irri-
gation can be a first-line medical treatment for postoperative 
CRS patients [47], which is safe and effective [48]. Therefore, 

further clinical trials with strong evidence are needed to confirm 
this. There are also many inconsistent aspects, such as the dos-
age of irrigation ranging from 5 ml to 480 ml. It is recommended 
that randomized controlled trials in the future are necessary 
for CRS phenotypes, subtypes, and the dosage and duration of 
nasal corticosteroid irrigation [48]. Therefore, comparing the 
advantages and disadvantages of local corticosteroid irrigation 
treatment for CRS with other management schemes is still a 
field that needs further research [49].

3.2.2. From the antimicrobial perspective 
3.2.2.1. Various antibiotics.  When antibacterial efficacy is 
mentioned, the first thing that comes to mind is a variety of 
antibiotics. Although there is growing evidence supporting the 
concept of CRS pathogenesis as an inflammation rather than an 
infection, it is widely accepted that bacteria play a major role in 
triggering or exacerbating chronic inflammation. Biofilms have 
been identified in the mucosa of patients with CRS and have 
been associated with the development of recalcitrant CRS, with 
the help of which bacteria can evade host defenses and the action 
of antibiotics. The aim of local antibiotic therapy is to inject 
higher concentrations of antibiotics directly into the sinuses and 
disrupt bacterial biofilms while minimizing potential systemic 
side effects, so the use of local antibiotics has been widely 
studied, including cephalosporin antibiotics, aminoglycoside 
antibiotics, macrolides, mupirocin, tobramycin, and so on. The 
most research has been done on the local use of mupirocin and 
aminoglycoside antibiotics.

In 2012, Jervis-Bardy et al. [50] conducted a randomized 
double-blind controlled study on mupirocin NI for postopera-
tive CRS, in which the experimental group irrigated their nasal 
cavity with saline containing mupirocin at 240 ml (containing 
125 mg of mupirocin) twice a day for 1 month, and then com-
pared the bacterial culture results and other indicators with the 
control group (saline). It was concluded that mupirocin NI is 
a short-term effective treatment for recalcitrant CRS due to 
Staphylococcus aureus, but the efficacy may not be durable. Lee 
et al. [51] in a study published in 2020 compared the efficacy of 
povidone-iodine, mupirocin, and saline irrigation in the treat-
ment of postoperative exacerbation of sinusitis in 3 groups irri-
gated twice daily for 30 days. In a study published in 2022, Hon 
et al. [52] found that mupirocin delivered after lowering the pH 
of the irrigation solution may help to eliminate the S. aureus 
biofilm present in the sinus mucosa of patients with CRS.

Snidvongs et al. [53] in a 2017 review concluded that there 
is no evidence yet to support the use of local antibiotics in the 
treatment of sinusitis. Carlton et al. [54] in 2019 summarized 
studies on the use of local antibiotics in chronic sinusitis since 
2014 and showed that local antibiotic therapy may be useful in 
the short term in patients with CRS after sinusitis surgery and 
recalcitrant S. aureus infection. The EPOS2020 Steering Group 
concluded that it is uncertain whether the use of topical antimi-
crobial therapy has an impact on the prognosis of adult patients 
with CRS compared with placebo due to the very low quality 
of evidence [1].

On the whole, so far, NI with local antibiotics for CRS is 
still controversial, and better protocol design and more studies 
are needed to evaluate the efficacy and safety of local antibiotic 
irrigation, to study the problem of bacterial resistance caused by 
local administration, and the potential risk of local and systemic 
adverse effects.

3.2.2.2. Xylitol nasal irrigation.  Xylitol is an organic, insoluble, 
5-carbon sugar alcohol that acts as an osmotic agent to reduce 
the salt concentration of airway surface fluids, thereby increasing 
bactericidal efficacy. Because Xylitol nasal irrigation (XNI) may 
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Table 1.

Clinical study of steroid rinsing of the nasal cavity for the treatment of CRS in recent 10 years

Study Methods participants Intervention Duration Outcomes 

Better than 
the control 

group  
(yes/no) 

Luz-Matsumoto 
GR [39], 
2021

Retrospective 
observational study

205 CRSwNP
52 CRSsNP.

CS spray group: CS spray
CNI group: 1% compounded budesonide 

drops or betamethasone cream 0.5 mg 
in 250 mL alkaline homemade saline 
solution

3–6months SNOT-22 score, Lund---Kennedy 
endoscopic score

Yes

Thanneru M 
[38], 2020

Prospective study 60 
postoperative 
CRSwNP

Experimental group (30 patients): 2 mg 
of budesonide was mixed in 250 mL 
normal saline

control group (30 patients): isotonic saline

1, 2, 6 
and 10 
weeks

SNOT-22 score, Lund-Kennedy 
endoscopy score

Yes

Jiramongkolchai 
P [45], 2020

Double-blind, 
placebo-controlled, 
randomized clinical 
trial

53 CRSsNP (43 
were actually 
completed)

Experimental group (21 patients): 
mometasone nasal irrigation (2.4 mg 
in 240 mL)

control group (22 patients): MFNS (nasal 
saline irrigation and mometasone 
furoate nasal spray,50 µg in each spray, 
2 sprays/nostril)

8 weeks SNOT-22 score, Lund-Kennedy 
endoscopy score

Yes

Huang ZZ [37], 
2019

Prospective cohort 
analysis of 
prospectively 
collected data

60 CRS Post 
ESS

Experimental group (30 patients): 
budesonide nasal irrigation

control group (30 patients): normal saline 
nasal irrigation

no amount of irrigation, no dose of 
budesonide, no frequency of irrigation

3 months Lund-Kennedy endoscopy score, 
symptom VAS, SNOT-22 score, 
SF-36, SAS, SDS, side effects scale

Yes

Harvey RJ [44], 
2018

Randomized in a double-
blind,randomized, 
placebo-controlled 
trial

44 CRS, 
postoperative

(35 were 
actually 
completed)

Nasal irrigation followed by a nasal 
spray once a day (2 mg mometasone 
delivered by either spray or irrigation)

12 months VAS, SNOT-22 score, 13-point Likert 
score of overall (or global), sinonasal 
function, Lund-Mackay score, 
Modified Lund-Kennedy score

Yes

Tait S [41], 
2018

Double-blind, 
placebo-controlled, 
randomized clinical 
trial

74 CRS (61 
were actually 
completed)

29 budesonide
32 saline

Both groups were washed with 8-ounce 
(approximately 240 mL) of normal 
saline once a day, and the budesonide 
group wash solution contained 0.5 mg 
of budesonide

30 days SNOT-22 score, Lund-Kennedy 
endoscopic score

Yes

Kang TW [35], 
2017

prospective study 12 CRSwNP 
with asthma, 
postoperative

0.5 mg budesonide in 250 mL normal 
saline

6 months SNOT-22 score, Lund-Kennedy 
endoscopy score

Yes

Dawson B [36], 
2017

Open-label study 30 CRS, 
postoperative

betamethasone nasal irrigation 0.5 mg in 
200 mL normal saline, once daily

6 weeks Endogenous cortisol levels, SNOT-22 
score

Yes

Kosugi EM [40], 
2016

Prospective uncontrolled 
intervention trial

16 difficult-to-
treat CRS

1 mg budesonide was mixed with 500 mL 
normal saline and the nasal cavity was 
irrigated twice a day

3 months SNOT-22 score, Lund-Kennedy 
endoscopy score

Yes

Rawal RB [42], 
2015

Prospective, single-
blind, randomized 
controlled trial.

50 CRSwNP
post-FESS

0.5 mg budesonide in 240 mL normal 
saline,60 mL per nostril twice-daily 
irrigation for a total of 240 mL using a 
high -volume low -pressure irrigating 
device

3–6 months SNOT-22 score, RSOM-31, RSDI, 
UPSIT, PEA test

No

Jang DW [34], 
2013

Retrospective review 
of prospectively 
collected data

60 CRS post 
ESS

(30 
eCRSwNP,13 
AFS, 13 ST, 
4 eCRSsNP)

0.5 mg budesonide mixed in 3 ounces of 
nasal saline. irrigate each nostril with 
1.5 ounces using a syringe twice a day

25 months SNOT-20 score, Lund-Kennedy 
endoscopy score

Yes

Man LX [43], 
2013

Prospective,
an open-label study

23 CRS 
previously 
undergone 
bilateral ESS

3 mg of fluticasone propionate powder in 
240 mL of normal saline delivered via 
low-pressure, high-volume, twice-daily

6 weeks Adrenal function, IOP, cataracts Yes

Snidvongs K 
[33], 2012

Self control study 111CRS,post 
ESS

Budesonide 1 mg or Betamethasone 1 mg 
delivered in a 240 mL squeeze bottle, 
once daily

55.5 ± 33.9 
weeks

Symptom score, SNOT-22 score, 
endoscopy score

Yes

AFS, allergic fungal sinusitis; CNI, corticosteroid nasal irrigation; CS, corticosteroid; CRS, chronic rhinosinusitis; CRSsNP, chronic rhinosinusitis without nasal polyps; CRSwNP, chronic rhinosinusitis with 
polyposis; eCRSsNP, eosinophilic chronic rhinosinusitis without polyps; eCRSwNP, eosinophilic chronic rhinosinusitis with polyps; ESS, endoscopic sinus surgery; FESS, functional endoscopic sinus surgery; 
IOP, intraocular pressure; MFNS, mometasone furoate nasal spray; PEA, Phenyl Ethyl Alcohol; RSDI, Rhinosinusitis Disability Index; RSOM-31, Rhinosinusitis Outcomes Measurement Teste-31; SAS, Self-
Rating Anxiety Scale; SDS, Self-Rating Depression Scale; SF-36, Short Form36-Item Questionnaire; SNOT-22, Sino-Nasal Outcome Test22; UPSIT, University of Pennsylvania Smell Identification Test; ST, 
Samter’s triad; VAS, visual analog score.
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disrupt S. aureus biofilms and inhibit the growth of Streptococcus 
pneumoniae [55], there was a study in 2011 where 12 mg of 
XNI mixed with 240 mL of water flush significantly improved 
CRS symptoms compared with the saline flush [56]. A later 
researcher [49] also used XNI as a rinse solution for CRS, and 
compared with the saline flush group, the XNI group showed 
significant improvement in various assessment indicators 
compared with the saline flush group, and the difference was 
also significant, but the sample size of the study was still too 
small (only 25 cases were actually completed in both groups in 
total), and further studies are needed to confirm this. Recently, 
Silva et al. [57] also did a study with a total of 52 patients with 
sinusitis, and after 30 days of irrigation, the “xylitol” group 
showed significant pain relief and reduction of nasal symptoms 
in the postoperative period compared with the saline group (P < 
0.001). The drawback of this study is that there is no objective 
assessment index such as imaging assessment.

3.2.2.3. Manuka honey.   The advantages of Manuka honey 
(MH) over topical antibiotics are that it is natural, nontoxic, 
low side effects and hypoallergenic reactions, a broad 
antimicrobial spectrum, and reduces the emergence of resistant 
bacteria [58]. Lee et al. [59] conducted a randomized single-
blind controlled trial of MH NI for CRS and completed the 
trial in a total of 42 individuals; both MH and saline irrigation 
improved prognosis, but there was no statistically significant 
difference between groups; however, in the subgroup that 
did not receive oral antibiotics/steroids, MH was statistically 
better in terms of negative bacterial cultures, so it is thought 
that MH may be effective for acute exacerbations of CRS. The 
combination of low pH, hypertonic blood pressure, hydrogen 
peroxide activity, and methylglyoxa (MGO) gives MH its 
unique antibiofilm properties [58]. Ooi et al. [60] conducted 
a randomized, single-blind, placebo-controlled phase 1 clinical 
trial of MH combined with MGO irrigation for the treatment 
of recalcitrant chronic sinusitis, and a total of 25 patients 
completed this study with twice-daily 16.5% MH and 1.3 mg/
mL MGO combined NI and the final results concluded that it 
was safe to use for 14 days, and although the efficacy was not 
superior to oral antibiotics and twice-daily saline irrigation, it 
was concluded that MH irrigation had some potential benefit 
in the treatment of recalcitrant CRS. In future studies, they 
will look to optimize the duration of treatment or use MH as 
an adjunct to antibiotics and evaluate it in a larger sample of 
patients.

3.2.2.4. Povidone-iodine.   Povidone-iodine (PVP-I) has been 
shown to have an inactivating effect on a range of infection 
factors, including drug-resistant bacteria, viruses, fungi, 
protozoa, and biofilms [61]. PVP-I is an attractive candidate for 
the treatment of recalcitrant CRS because of its good tolerability, 
rare sensitization, and lack of drug resistance [61]. Panchmatia 
et al. [62] conducted a prospective cohort study on the efficacy 
and safety of diluted PVP-I nasal rinse as an adjunctive treatment 
for CRS, including analysis of 29 patients with recalcitrant CRS, 
requiring bilateral NI with 0.08% PVP-I every other day for 7 
weeks, and based on the results concluded that diluted 0.08% 
PVP-I nasal rinse as an adjunctive treatment for recalcitrant 
CRS significantly reduced signs of infection while significantly 
improving symptoms without affecting thyroid function, 
mucociliary clearance, or olfaction. Lee et al. [51] concluded 
that 0.1% PVP-I solution was well tolerated as sinus irrigation 
and also suggested that it may be a viable method for temporary 
disinfection of sinus cavities for viruses and bacteria such as 
COVID-19.

3.2.2.5. Hypochlorous acid.  Hypochlorous acid (HOCl) 
at low concentrations has been shown to be effective against 
bacteria, fungi, and viruses and is not toxic to the nasal mucosa, 
so it may be an effective NI agent [63]. Cho et al. [64] evaluated 

the effectiveness of low-concentration HOCl NI compared with 
isotonic saline for pediatric CRS and concluded that HOCl NI 
for pediatric CRS is also an effective adjunctive therapy.

Other studies of nasal rinses with antibacterial effects include 
surfactants (eg, baby shampoo) and electrolyzed acid water, which, 
although found to be effective against CRS, are not currently rec-
ommended because they cause nasal irritation or discomfort [1].

3.2.3. In terms of promoting cilia and mucosal repair 
function: Hyaluronic acid  Hyaluronic acid, which has no 
allergenic properties, is considered a highly safe molecule and 
has a wide range of applications in many branches of medicine 
[65]. Due to the mucosal regenerative properties of sodium 
hyaluronate, there has been an increasing interest in its use 
for the treatment of patients after CRS surgery [66, 67], with 
beneficial effects. Mozzanica et al. [67] conducted a multicenter, 
prospective, randomized, double-blind, parallel-controlled 
comparison of isotonic saline and isotonic saline plus sodium 
hyaluronate rinsing of the nasal cavity for functional endoscopic 
sinus surgery after CRS. A total of 56 patients included in the 
analysis were randomly divided into 2 groups and the nasal 
cavity was irrigated with 250 mL of isotonic saline or 250 mL 
of isotonic saline plus 9 mg of sodium hyaluronate twice daily 
for a total of 6 weeks of follow-up. The results showed that the 
evaluation indexes of the hyaluronate group were significantly 
better than those of the saline group, so they hypothesized that 
the application of sodium hyaluronate facilitated the repair of 
nasal mucosal tissue, promoted wound healing, and reduced 
crust formation, and improved nasal congestion, hyposmia, 
and headache. While Savietto et al. [68] conducted a study on 
the use of hyaluronic acid for NI in CRS, 30 patients aged 18 
to 65 years with chronic rhinosinusitis without nasal polyps 
were randomly administered hyaluronic acid or isotonic 
saline solution through a nasal spray twice a day, both 5 mL 
each time, twice a day for 30 days, and 26 cases were actually 
completed. Although both groups improved the symptoms of 
chronic rhinosinusitis without nasal polyps, especially nasal 
congestion and olfactory ability, hyaluronic acid did not show 
an advantage.

As mentioned earlier, there have been many studies on rinses 
in recent years, many of which are still controversial. Chen et 
al. [69] systematically evaluated and compared the results of 5 
studies involving 331 post-CRS patients receiving nasal rinses 
with different solutions (hot water with iron in sulfur arsenic, 
lactated Ringer’s solution, electrolytic acidic water, amphoteri-
cin B, hyaluronic acid plus saline, or saline alone). It was found 
that, based on the limited evidence available, these different 
compositions of solutions were not superior to saline for irri-
gating. Therefore, the study of flushing solutions needs to be 
expanded and deepened.

3.3. Research progress on the composition of flushing 
solution

There are some studies of flushing solutions in the basic experi-
mental phase or early clinical research phase.

3.3.1. Bacteriophage/phage  Bacteriophages/phages are 
viruses that can infect and lyse specific bacteria without harming 
the human host [70]. Zhang et al. [71] found that S. aureus 
isolated from CRS patients had a high incidence of multidrug 
resistance (20%) and that these resistant strains could still 
be killed by phages. Therefore, it is believed that phage could 
be a promising therapeutic alternative to antibiotics for the 
control of multidrug-resistant S. aureus infections and biofilms. 
Drilling et al. [72] have tested phages in animal models by saline 
irrigation and found that phages significantly reduced biofilm 
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without causing host damage. Ooi et al. [73] first reported that 
a phase 1 clinical trial of phage for CRS caused by S. aureus 
has been completed in 9 patients studied who received twice-
daily intranasal irrigations with phage for 1 to 2 weeks with 
good initial efficacy (but no statistical analysis due to the small 
sample size) and no serious adverse events or biochemical or 
physiological abnormalities, and further clinical trials are in 
development.

3.3.2. Silver  Recalcitrant CRS is associated with bacterial 
biofilms, and biofilm lesions are periodically shed, leading to 
recurrent disease. Some studies have confirmed that colloidal 
silver (CS) may be effective against bacterial biofilms [74]. 
Ooi et al. [75] conducted the first study of CS irrigation for 
recalcitrant sinusitis, enrolling 22 patients who completed a 
twice-daily saline (along with oral administration of a sensitive 
antibiotic chosen based on culture results) or CS irrigation for 
10 days, and based on the results, they concluded that daily 2 
CS (0.015 mg/mL) NIs per day for 10 days were considered 
safe but not superior to the oral antibiotic group. However, 
this study confirmed the safety of CS and found no serious 
adverse effects or olfactory changes. The study was limited by 
the sample size and further studies are needed. Feizi et al. [76] 
reported their results in 2021 on the in vitro antibacterial of 
Silver nanoparticles (AgNPs) (strains isolated from the nasal 
cavity of patients) and concluded that AgNPs appear to be a 
promising tool for the treatment of bacterial biofilms, especially 
in CRS.

3.3.3. Hydrogen  It is now clear that hydrogen is a therapeutic 
gas signaling molecule with selective antioxidant and anti-
inflammatory effects and that oxidative stress is one of the 
pathogenic mechanisms of CRS [77, 78]. In recent years, there 
have been basic studies on the use of hydrogen-rich saline to 
improve chronic inflammation in the nasal mucosa, and it was 
found that hydrogen-rich saline achieved antioxidant effects 
by directly neutralizing free radicals and indirectly increasing 
superoxide dismutase levels [79], and also reduced the 
transcription and expression of inflammatory factors IL-4 and 
IL-13 in the nasal mucosa of experimental guinea pigs, reducing 
inflammation and promoting the recovery of nasal mucosa 
physiological functions [80]. On this basis, clinical studies have 
been conducted on the use of hydrogen-rich saline for chronic 
rhinitis [81] and CRS, with the hope that it will become another 
effective alternative to NI for CRS.

In short, future studies on flushing solutions need to be fur-
ther developed to refine the study protocol, overcome current 
limitations, and provide more accurate clinical information.

4. Nasal irrigator

The efficacy of NI is related to its ability to reach the target tis-
sue, that is, the distribution of the irrigation fluid. The complex 
nasal anatomy resulting in large regional differences, as well as 
pathological changes due to disease effects causing impaired cil-
iary motility and nasal mucosal edema, make it challenging to 
study the distribution of NI fluid [35]. The factor that affects 
the distribution of irrigation, besides the nasal cavity itself, is 
the rinsing apparatus. Nasal rinses can be delivered by a variety 
of instruments, including squeeze nebulizers, syringes, Neti pots 
(Fig. 1A), squeeze rinse bottles, pressurized rinses (Fig. 1B), and 
electric rinse devices (Fig. 1C).

The volume of appropriate nasal rinsers for adult patients 
ranges from approximately 30 to 500 mL and can be divided 
into small and large volumes. Small-volume irrigators are not as 
effective as high-volume delivery in terms of sinus distribution, 
so high-volume nasal irrigators (generally defined as >100 mL) 
are effective and commonly used [82]. The 2016 international 
consensus statement on allergy and sinology strongly recom-
mends high-volume (>200 mL) NI as an adjunctive therapy for 
CRS [83].

Squeeze bottles are most commonly used because of their ease 
of handling, cleaning, and adding other medications. Chen et al. 
[84] in a 2017 cadaveric study comparing powered high-pres-
sure irrigating devices with classic NI squeeze bottles showed 
that squeeze bottles were more effective at irrigating sinus cavi-
ties. Piromchai et al. [85] in their two investigative studies found 
that high-volume (>100 ml) NI devices were effective in treating 
sinusitis and more effective than other types of devices in remov-
ing nasal secretions and reducing postnasal drip.

Professor Zhang Luo’s team at China Capital Medical 
University also published a patent this year for a nasal sinus 
irrigator with a large capacity, adjustable, anti-reflux, and other 
advantages [86].

5. Irrigating methods

The common method of NI is nasal lavage, and the operation 
steps are: first, place the configured rinse solution in the rinse 
device, second, with the patient’s head in a low position, place 
the outlet of the nasal rinse device at one nostril, and finally, 
apply slight force so that there is no gap between the outlet and 
the nasal cavity (Fig. 2A), use the pressure difference to make 
the rinse solution flow into the nasal cavity from one nostril, 

Figure 1.  Commonly used flushing equipment. (A) Nebulizer (a, Shanghai Nasalcleaner Biotechnology Co., Ltd, China); Syringe (b); Neti jug (c, Jiangsu 
Kangshen Pharmaceutical Health Products Co., Ltd, China) (B) Squeeze flush bottle (a, Foshan Changming Medical Technology Co., Ltd, China; b, Shanghai 
Chunzi Biotechnology Co., Ltd, China); Push flusher (c, Yangzhou Qiangjian Medical Equipment Co., Ltd, China) (C) Electric flushing device (a, b, Shenzhen 
Miaomiaoce Medical Device Technology Co., Ltd, China).
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pass through the nasopharynx, and then flow out from the other 
nostril or oropharynx Spit out (Fig. 2B), and when the irriga-
tion is finished, the other side of the nasal cavity is changed to 
irrigate, and finally the residual rinsing fluid in the nasal cavity 
is drained by pressing both nostrils, respectively (Fig. 2C). There 
are also nasal spray method. Different NI methods can produce 
different adjuvant therapeutic effects. NI is characterized by 
high pressure and high flow rate, easy method, mild respiratory 
response, and higher comfort, but may produce damage to nasal 
mucosal tissues; nasal spray is characterized by low pressure 
and flow rate but is easy to operate.

NI is suitable for patients with CRS because their subjec-
tive symptoms are closely related to the accumulation of large 
amounts of nasal secretions, and the higher flow and pressure 
of NI can more thoroughly remove crusts and secretions from 
the nasal cavity and keep the nasal cavity clean and moist in 
real time [87].NI after nasal endoscopy in patients with CRS 
may be an ideal postoperative NI method because it can more 
effectively relieve patients’ discomfort and reduce the risk of 
postoperative nasal adhesions.

The optimal penetration of the solution into the sinuses also 
depends on the patient’s head position during irrigation. It is 
common to have a slightly anterior head position (Fig. 3A), but 
for the most efficient penetration, especially to access the frontal 
sinuses, the patient’s head should be in a head-down position 
as far as possible (Fig. 3B) [30]. In 2013, a systematic review 
by Thomas et al. [88] concluded that the evidence supports the 
use of high-volume devices in the anterior inferior head position 
(Fig.  3B) as the optimal sinus irrigation modality, and as for 
small-volume devices, the dorsal or lateral low head position 
is recommended for optimal low-volume irrigation penetration 
[88].

Griggs et al. [89] studied the head position and bottle angle 
used by 42 patients when irrigating according to the pictorial 
description of the irrigation device or the instructions of the rhi-
nologist, and interestingly, there were no significant differences 
in head position and bottle angle between the different instruc-
tion groups of patients. It was also found that some patients 
completed irrigation within seconds, while others took several 
minutes, and some patients were unable to complete a 120 mL 
per side irrigation. This variability should be considered simul-
taneously in all future NI studies.

When flushing is performed with the vertex of the head in 
a downward position (Fig. 3B), all open sinuses are optimally 

distributed, but this head position is uncomfortable. In con-
trast, the entire nasal cavity and paranasal sinuses can also be 
filled if the flushing volume is large enough when the position 
of the head has less influence on the delivery of flushing fluid 
[88]. Therefore, if patients who cannot achieve the position of 
the head vertex toward the floor should use a squeeze bottle 
with 200 mL of flushing for better results, so a review by de 
Paiva Leite et al. [22] concluded that it is recommended that 
patients bend over a hand basin and do NI through a squeeze 
bottle using a high volume flushing apparatus with good results. 
Inthavong et al. [90] established a computational fluid dynamics 
model of the detailed physical mechanisms of sinus irrigation 
with fluid injected in a commonly used squeeze bottle and found 
that ipsilateral maxillary sinus and ethmoid sinus penetration 
was mainly due to overflow rather than direct jet entry, which 
confirmed the large volume irrigation to “flood” the sinus open-
ing as suggested.

It has also been suggested that patients instructed to per-
form NI should be gentle [91], not apply strong pressure, and 
not insert the tip of the device too deeply or point the tip 
toward the nasal septum. The use of a bottle or natural fall 
rinse device is recommended over a pump type. In addition, 
check the nasal septum for any abnormalities during each 
postoperative examination. Therefore, more and more rig-
orous studies are needed to investigate the choice of the NI 
method.

6. Other aspects of NI

6.1. Rinse volume

In fact, the amount of fluid for NI has been mentioned earlier, 
and most recommend large volumes, supporting daily large 
volume (>100 mL) irrigation as one of the first-line treatments 
for CRS [92], and also recommending >200 mL [83], so it is 
recommended that at least >100 mL of irrigation volume is 
preferable.

6.2. Temperature

The ciliary function of the nasal mucosa is influenced by tem-
perature. Since the rinse solution acts directly on the nasal 
mucosa during NI, an inappropriate temperature can directly 
damage the physiological function of the nasal mucosa. The 

Figure 2.  Commonly used flushing methods for squeeze bottles. (A) Put the water outlet of the nasal irrigator on one nostril. (B) Squeeze the rinse fluid from 
one nostril into the nasal cavity, pass through the nasopharynx, and then flow out from the other nostril or spit out from the oropharynx. (C) After rinsing, press 
two Lateral nostrils to drain the residual irrigation fluid from the nasal cavity.



194

Jin et al.  • Volume 13 • Issue 4 • 2023� https://apallergy.org/ 

most suitable temperature for NI is the one closest to the normal 
body temperature of the human body. Too high a temperature is 
not tolerated by the nasal mucosa, while too low a temperature 
will stimulate the vasoconstriction of the nasal mucosa.

In 2008, Liu et al. [93] studied the effect of nasal rinse tem-
perature on nasal mucosal healing time, and they found that a 
32°C to 34°C nasal rinse was sufficient. In 2012, Ottaviano et 
al. [94] studied a controlled study of iron-containing hot water 
(exact temperature unknown) with sulfite arsenic versus iso-
tonic saline rinses, and the hot water treatment group had sig-
nificantly lower nasal resistance and significantly improved cilia 
cell counts and nasal endoscopy findings. Nimsakul et al. [95] 
in a 2018 study compared heated saline (40°C) and room tem-
perature saline nasal rinses on mucociliary clearance in patients 
with CRS and found that the effect of rinsing after heating the 
solution was not significantly increased, so rinsing after heating 
was considered unnecessary.

6.3. Frequency and duration

Pham et al. [96] found that NI once a day for 6 weeks was effec-
tive in relieving CRS symptoms through clinical observation of 
144 pediatric CRS patients. In contrast, patients with refractory 
CRS can undergo long-term NI, that is, NI 1 to 3 times daily 
for several months or even more than 2 years. Maintaining the 
duration of NI for about 12 weeks after functional endoscopic 
sinus surgery for CRS maximizes the postoperative results of 
nasal endoscopy and reduces postoperative complications. 
Casale et al. [97] in their 2019 review on NI for CRS in adults 
analyzed the NI frequency ranged from 1 to 3 times and dura-
tion ranged from 3 to 6 months, all of which have not been 
standardized, making it difficult to conclude the optimal proto-
col. Therefore, the frequency and duration of individualized NI 
should be determined for patients with sinusitis based on their 
subtype, whether they are operated on or not, and the severity 
and tolerance of their disease.

7. Adverse effects of NI

NI is generally considered to be a highly safe treatment. It has 
rare and usually mild adverse effects, including a sensation of 
ear stuffiness, burning or stinging of the nasal mucosa, rhinor-
rhea, nausea, and headache, with no serious adverse effects [39]. 
High-volume devices cause a greater incidence of local irritation 
discomfort, burning, and eustachian tube dysfunction compared 

with small-volume devices [88]. However, some studies have 
found no statistically significant differences in the incidence of 
adverse events between different flushing device sets [85]. Sekine 
et al. [91] reported 3 cases of anterior septal perforation with NI 
after CRS (all without septal surgery), and because of the small 
number of cases, further epidemiological studies are pending to 
confirm these results.

In addition, the irrigation equipment and irrigation fluid may 
be contaminated with bacteria. Contamination of NI bottles 
is clinically important, most likely due to fluid reflux from the 
sinuses into the NI bottle, leading to bacterial colonization [98], 
and the presence of biofilm on the surface of NI bottles has been 
established [98]. Keen et al. [98] showed contamination of 97% 
of bottles in a study of regular replacement of irrigation bottles 
and nasal swabs. A review of sinus irrigation device contami-
nation showed that the overall contamination rate ranged from 
25% to 100%, with the most common bacteria isolated being S. 
aureus and Pseudomonas spp [99]. Although rare fatal primary 
amebic meningoencephalitis infections have been reported as a 
result of rinsing with contaminated tap water [100], according 
to a survey performed by Sowerby et al. [101], 48% of peo-
ple still choose to use tap water for rinsing because of its ease 
of access, and more than a quarter of people never wash their 
bottles.

8. Hygiene recommendations for NI

One study found that the vast majority (70%) of patients with 
CRS did not follow the cleaning instructions for sinus irrigation 
bottles [101]. Although some studies have concluded [102] that 
contaminants from the irrigation water have little effect on the 
sinus microbiota regardless of the source of the water, patients 
are currently advised to observe the hygiene of the irrigation 
water and the irrigation apparatus.

The official guidelines of the Centers for Disease Control and 
Prevention recommend the use of boiled water that has been 
cooled (boiled for at least 1 min or 3 min at >6500 feet), micro-
filtered water (<1 µmpore), or bottled water (distilled or ster-
ile). Hardy et al. [97], by studying 3 nasal rinses (cooled water 
after boiling for 5 min; bottled water, and distilled water) at 
room temperature and refrigerated conditions, recommended 
that the solutions should be refrigerated and should not be 
stored for more than 7 days. If the solutions are to be stored 
at ambient temperature, they should be isotonic or hypertonic 
and prepared from bottled or distilled water [103].

Figure 3.  Comparison of irrigating head positions. (A) Commonly used head position for irrigation (slightly tilted head): limited irrigation of the sinuses. (B) Head-
down position with the head facing the floor: irrigation of the sinuses widely.
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It is recommended that irrigation equipment be disinfected 
after each use and replaced every 3 months or according to 
instructions [99]. Morong et al. [104] concluded that irrigation 
bottle contamination may be time-dependent, so it is reason-
able to microwave the irrigation apparatus before irrigation. 
Treatment with Milton’s solution (1% sodium hypochlorite + 
19% sodium chloride) and microwaving was found to be an 
effective method for disinfection of bottles [98].

9. Conclusion

NI is a safer and more effective treatment for CRS, and its ther-
apeutic effect has been confirmed by a large amount of clinical 
data and accepted and recognized by the majority of patients. 
According to the results of our review of the information con-
tained in the literature (Fig. 4), low-pressure and high-volume 
flushing devices are mostly recommended, saline and hypertonic 
saline are currently more recognized, and other components 
are more studied and used with steroid hormones. Although 
there are more studies on antimicrobial mechanisms, they are 
still mostly controversial or defective and need to be further 
expanded or not yet generally promoted. There are fewer stud-
ies on irrigation solutions that accelerate epithelialization of the 
nasal mucosa and improve the efficiency of cilia transmission, 
etc. Phage, CS, and hydrogen are all directions that can be fur-
ther studied in the future.

Most studies using NI in patients with CRS are character-
ized by small patient populations, short observation periods, 
different clinical and diagnostic parameters assessed, and adher-
ence to the study assessed mainly by patient self-report, which 
is more subjective. Future studies should be designed as ran-
domized controlled trials and include patients with and without 
nasal polyps (randomized by subgroup strata), uniform assess-
ment metrics, and refined studies of irrigation frequency, dura-
tion of treatment, and so on. More studies are needed to develop 

individualized optimal delivery methods (rinse device, rinse vol-
ume, delivery method, and composition of the solution used), 
irrigation frequency and duration of treatment for patients with 
CRS, and to evaluate the safety of its long-term use, which is 
essential for the treatment of CRS.
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