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Abstract

Purpose of Review The advances in the knowledge of the molecular basis of the inflammatory response in chronic rhinosi-
nusitis with nasal polyps (CRSwNP) have led the management of these patients towards personalized and precision medicine.
Surgery has been positioned as a suitable alternative in patients who do not achieve control with appropriate medical treat-
ment, but polypoid recurrences remain a constraint. The emergence of new surgical approaches based on patient phenotyp-
ing and the poor disease control associated with type 2 inflammatory phenotype makes it necessary to review the role of
personalized and precision surgery in managing the disease.

Recent Findings Surgical approaches based on wide resection of bony sinus structures and the treatment of mucosa lining
the sinonasal cavity have been analyzed and compared with other techniques and seem to offer more favorable surgical
outcomes and improved quality of life (QoL), in addition to lower relapse rates. The innovations with new complementary
surgical techniques, such as reboot surgery adding an extended autologous mucosal graft from the nasal floor (mucoplasty),
may benefit endoscopic and QoL outcomes in the most severe CRSwNP patients with type 2 phenotype.

Summary Using bilateral endonasal mucoplasty as a complementary technique to reboot surgery is a suitable technical
choice that has improved short- and medium-term QoL and endoscopic outcomes for patients with severe CRSwNP. These
results are likely due to a combination of the extension of reboot and the inherent inflammatory and healing properties of
mucoplasty. We propose this technique as a valuable surgical resource, although more robust clinical studies are needed to
evaluate its long-term benefits comprehensively.

Keywords Nasal polyps - Chronic rhinosinusitis - Nasal surgical procedures - Type 2 inflammation - Reboot surgery -
Mucoplasty

Introduction

Chronic rhinosinusitis with nasal polyps (CRSwNP) is an
inflammatory sinonasal disease that is estimated to affect
between 0.5 and 4.5% of the general population, with a
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proven significant impact on patient’s quality of life (QoL)
and a high economic cost to healthcare systems [1]. Initial
treatment involves nasal rinses and intranasal steroids, leav-
ing systemic corticosteroids for the exacerbations, consti-
tuting the so-called appropriate medical treatment (AMT)
[2-4]. In patients whose AMT is insufficient to achieve
symptom control, endoscopic sinus surgery (ESS) has been
proposed as a suitable alternative [5]. However, there is no
consensus on the optimal surgical strategy in CRSwNP,
and polyp recurrences remain a significant limitation of
this therapeutic approach [6]. Moreover, since the guide-
line’s recommendations on the management of CRSwNP
are constantly changing, surgery has become a fundamental
criterion for indicating the recent treatment option with bio-
logical therapies [7].
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Comorbidities, such as late-onset asthma and nonsteroi-
dal anti-inflammatory drugs-exacerbated respiratory dis-
ease (N-ERD), or a history of re-interventions, are associ-
ated with poorer disease control and often account for the
failure of the medical and surgical treatments [8]. Further-
more, the increasing knowledge of the underlying mecha-
nisms that produce mucosal inflammation in CRSwNP
(the mucosal concept) [9¢] and the description of several
biomarkers, such as immunoglobulin E (IgE), eosinophilic
cationic protein (ECP), or interleukins (IL) 4, 5, and 13,
have led the description of subjacent inflammatory endo-
types and consequent phenotypes and allow the application
of the precision medicine paradigm in the management of
CRSwNP patients [10, 11]. In this sense, the advances in the
knowledge of the type 2 endotype have allowed the devel-
opment of new and more extended surgical approaches to
manage these disease’s severe and recalcitrant phenotypes
[12, 13]. This change in the CRSwWNP paradigm has meant
that techniques such as full-house or reboot surgery, based
on wide resection of bony sinus structures and the treat-
ment of mucosa lining the sinonasal cavity, have been ana-
lyzed and compared with other techniques to assess if they
are associated with more favorable surgical outcomes and
improved QoL, in addition to lower relapse rates [14, 15e¢].

Our group home-grown classification of the different
techniques of ESS published to date, including a thorough
description of their characteristics attending to the sur-
gical modification performed on the anatomic structures
of the sinonasal cavity, is shown in supplementary files
(Table S1).

We have also shown that an extended autologous mucosal
graft from the nasal floor positioned in the ethmoidal roof
(mucoplasty) associated with reboot surgery may provide an
added benefit to endoscopic and QoL outcomes in CRSwNP
patients with type 2 phenotype by improving not only the
healing but also the post-surgical inflammatory pattern with
a regenerative role [16ee].

The objective of our study is to systematically review
the expected benefit of extended endoscopic sinus surgery
(EESS) versus other approaches and the role of mucoplasty
as a conceptually regenerative option in the surgical manage-
ment of severe CRSwNP patients.

Material and Methods

This systematic review has been reported following the
recommendations of the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) [17] (sup-
plementary files—Table S2 contains the PRISMA checklist
fulfilled). No review protocol was registered for this study.

@ Springer

Research Question

We aimed to answer the following research question: What
are the advantages of adding mucoplasty to reboot surgery
in treating severe chronic rhinosinusitis with nasal polyp
patients versus the medical or surgical standard of care?

Search Strategy

The search strategy was designed using the PICOTs
framework:

e Participants: Severe CRSwNP patients older than 18,
non-responders to adequate medical treatment who
undergo ESS.

e Intervention: Eligible interventions included extended
ESS (e.g., nasalization, complete, radical, full-house,
reboot, reboot) with or without mucoplasty.

e Comparators: Standard of care of medical or surgical
treatment, following international guidelines [2, 3].

e Outcomes: Quality of life (QoL) and/or symptom scale
improvement, changes in nasal endoscopy scores and/or
computed tomography (CT) scan scores.

e Timing and Setting: With no limitations.

According to PRISMA statement recommendations, we
searched in the following databases: PubMed, The Cochrane
Library for Cochrane Reviews, Embase via Elsevier, Web
of Science, and Scopus from inception until May 2023.
The search strategy is described in supplementary files
(Table S3). To supplement the database search, we manu-
ally checked the reference lists of the included studies, per-
formed a backward citation analysis, and completed a for-
ward citation analysis.

Eligibility Criteria

Inclusion criteria for studies to select were articles written
in English, which type of design has been clinical trials,
cohort studies, case—control studies, cross-sectional studies,
or case-series studies published in peer-reviewed journals.

Exclusion criteria were studies dealing with localized
and/or systemic CRSwNP, bilateral inflammatory disease
but without nasal polyps, unilateral surgical approaches, or
CRSwNP in treatment with monoclonal antibodies during
the study period.

Study Extraction, Categorization, and Analysis

Screening by title and abstract was conducted by three
authors (DMJ, RML, JMS) independently. After title and
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abstract screening and discard, full texts were retrieved for
the remaining articles. Two authors (DMJ, RML) reviewed
the full texts against the inclusion criteria. Discrepancies
were resolved by consensus.

A standardized form (initially piloted on six included
studies) was used for data extraction of characteristics of
studies, outcomes, and risk of bias. Data extraction was
conducted by two authors (DMJ, RML). Extracted varia-
bles encompassed: sample size, age, gender, comorbidities
such as asthma, NSAID-exacerbated respiratory disease,
or proven allergic sensitization, type of surgery, and the
primary outcomes in terms of QoL (Sinonasal Outcomes
Test—22), symptom severity (visual analogue scale (VAS),
total nasal symptom score (TSS)), nasal endoscopy scores
(nasal polyp score (NPS), Meltzer scale, total polyp score
(TPS), modified Lund-Kennedy (MLK) scale), or sinus
CT scan (Lund Mackay (LM) scale).

Assessment of Study Quality and Risk of Bias

Studies selected for the systematic review were assessed
about quality using the Oxford Centre for Evidence-Based
Medicine Levels of Evidence [18]. The risk of bias was
assessed using the Quality Assessment of case series
studies checklist from the National Institute for Health
and Clinical Excellence (Fig. 2 and Supplementary
Table S4) [19]. Three authors (DMJ, RML, JMS) inde-
pendently performed the evaluation, and consensus solved
discrepancies.

Statistical Analysis

Meta-analyses were not possible due to the outcomes’ high
heterogeneity between studies, so only qualitative analysis
was performed. Three authors (DMJ, RML, JMS) discussed
the magnitude and relevance of the effects assessed for the
qualitative analysis. Discrepancies were solved by consensus,
and these discussions were reflected in the discussion section.

Superior postoperative outcomes for severe CRSwNP
patients were considered when a more considerable improve-
ment in the QoL or symptoms scales was shown (SNOT-22,
VAS, or other analyzed scales), as well as when decreases
in the values of endoscopic and radiological scales were
observed after surgery (NPS, Meltzer scale, TPS, MLK
scale, and LM score). Other features of interest in the quali-
tative evaluation of the studies were tissue and peripheral
blood cell counts, measurements of tissue biomarkers, the
control of lower airways comorbidities (asthma or N-ERD),
the rates of polypoid recurrences, the need for revision sur-
gery, and changes in the assessment of smell.

Results

The bibliographic search for the systematic review was
performed on May 23, 2023, and identified 1067 poten-
tially relevant studies. After removing duplicates and
applying the inclusion and exclusion criteria, 13 arti-
cles and a study yet to be published from our group were
included in qualitative synthesis for the data extraction.
The selection process was recorded in sufficient detail to
complete a PRISMA flow diagram (see Fig. 1).

All included articles had relevance to the subject of
this review. Two were non-randomized controlled clinical
trials, one a prospective case—control study, four retro-
spective case—control, three prospective case series, and
the remaining four papers were retrospective case series.

Table 1 describes the included studies’ quality charac-
teristics and features in terms of follow-up period, sample
size, age of the sample, sex, asthma and N-ERD preva-
lence, proven allergic sensitization, and history of pre-
vious ESS. Figure 2 summarizes the assessment risk of
bias using the Quality Assessment of case series studies
checklist from the National Institute for Health and Clini-
cal Excellence (published as Appendix F).

Table 2 summarizes the main findings of the quali-
tative analysis of included articles in this systematic
review, including the outcomes reported per article. EESS
reflected better results in the QoL questionnaires, polypoid
growth scales, and better radiological imaging measures
than functional surgeries. Recurrence rates, disease-free
time, control of comorbidities, and olfaction study out-
comes were also higher associated with more extended
approaches. Disparate results were found in the analysis
of molecular biomarkers, cell counts, and endoscopic find-
ings of edema and nasal discharge.

Discussion

This systematic review of studies investigating the role
of EESS and mucoplasty added to reboot surgery has
retrieved 14 studies, all with promising results for extended
ESS for the treatment of severe CRSwNP patients, but
also concluding that more high-quality surgical studies are
needed to accurately define these results and the benefit of
adding mucoplasty. Despite this, incorporating mucoplasty
as a regenerative approach may be associated with better
outcomes than other EESS in managing severe CRSwNP
patients by improving healing and post-surgical quality of
life versus reboot surgery alone.

Selecting suitable surgical treatment for severe
CRSwNP remains controversial in patients who do not
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Fig.1 PRISMA flow diagram.
Abbreviations: CRS, chronic
rhinosinusitis; CRSwNP,
chronic rhinosinusitis with nasal
polyps; QoL, quality of life
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achieve disease control with appropriate medical treat-
ment. A wide range of ESS techniques, functional/targeted
[26, 29] or extended surgeries [15ee, 24, 27], with dif-
ferent extensions and nuances, has redefined their selves
focused on advances in the pathophysiological under-
standing of this disease (Table S1 supplementary files).
Recent studies assessing extended approaches, such as
reboot surgery [15ee], regenerative surgery (reboot sur-
gery plus mucoplasty) [16ee, 30], or extended full-house
surgery [14], show that these approaches are likely to yield
improved clinical and QoL outcomes compared to func-
tional approaches in the more severe patients. However,
these studies are qualified as having low levels of evidence
due to the risk of bias related to the absence of placebo,

@ Springer

non-randomization, and/or the high heterogeneity in their
design [31].

The current different surgical techniques proposed thus
far do not yet allow optimal disease management, submit-
ting high polypoid recurrences [8, 32]. Even so, EESS has
been proposed as a more effective approach to achieving
lower revision rates [6, 13, 33]. The anatomical landmarks
for more extended resections have already been emphasized
[14, 24]. These approaches involve removing all nasal polyps
and septa of the nasal and paranasal sinuses to achieve broad
exposure while preserving the macroscopically healthy
mucosa as a substrate for local healing. In contrast, newer
approaches, such as reboot surgery [15ee], focus on the
newly argued hypothesis of the mucosal concept [9¢], and
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Fig.2 Quality Assessment of case series studies checklist from the
National Institute for Health and Clinical Excellence (Appendix F)
applied to this systematic review. The color graphic represents the

propose resecting both the pathological and the surrounding
healthy mucosa. This hypothesis assigns a transcendental
role to the mucosal barrier in the inflammatory burden of
CRSwNP pathophysiology, in which biomarkers contribut-
ing to polypoid recurrence have been identified [13, 34].
Mucoplasty as a regenerative surgery seeks to improve local
control of the inflammatory burden after completely resect-
ing the mucosa (reboot surgery) and by positioning a free
mucosal graft from the floor of the nostril, which has differ-
ent molecular and cellular features, with a lower tendency to
polyp growth, adding these so-called regenerative properties
[16ee, 35]. Our group has conducted a new line of investiga-
tion to support the hypothesis of mucoplasty as a regenera-
tive approach. The role of fibroblasts in the pathogenesis of
CRSwNP, especially in the remodeling of the mucosa, is the
basis for this hypothesis. In a recently published study, our
group has shown that nasal polyp fibroblasts are a source of

answer to each checklist question from 1.1 to 5.2 (27 questions); the
specific answers are shown in Supplementary Table S4

pro-inflammatory signaling that reinforce type 2 inflamma-
tion in CRSwNP [35].

Consequently, it could be targeted for therapeutic purposes
as a potential novel source of inflammatory signaling [36].
Our experiments have also shown that the distribution of
inflammatory cells differs in different locations of the nasal
cavity, as well as in the polypoid mucosa and healthy mucosa
[34]. This observed disparity may further strengthen the
rationale for considering the nasal cavity floor mucosa as a
suitable candidate for mucosal transplantation added to reboot
surgery, arguing a better graft’s inflammatory and healing
properties and supporting the concept of regenerative surgery.
Additional tissue and molecular analyses of the inflammatory
changes experienced by the mucosal graft after its placement
in the ethmoidal roof are required to evaluate the functional-
ity of these new findings and to strengthen the role of muco-
plasty in sinonasal mucosal healing and healthy regeneration.
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More studies are needed to demonstrate the results of bilateral
mucoplasty associated with reboot surgery in clinical prac-
tice, which will highlight this technique’s choice in managing
severe CRSWNP and its recurrences.

The advances in the knowledge of the molecular basis of
CRSwNP inflammation and the different related phenotypes
have led to a precision medicine approach for diagnosing
and managing CRSwNP patients [4, 11, 12]. There have
been shown that patients who require revision surgeries pre-
sent worse values for tissue, nasal secretion, and peripheral
blood T2 phenotype biomarkers such as IL-5, IL-5 recep-
tor alpha, and ECP [22]. Something similar was concluded
concerning higher eosinophil counts in tissue and peripheral
blood in patients with a tendency to polypoid recurrence
[6, 37]. However, these findings seem controversial as they
disappear in the long-term follow-up [21]. Studies assess-
ing the efficacy of surgery in CRSwNP have underscored
the need for biomarkers that define severe, uncontrolled,
and recurrent disease to select the adequate surgical tech-
nique for each phenotype [12, 13, 38]. This enables the pro-
posal for various extended approaches and complementary
surgical procedures for patients exhibiting the more severe
type 2 inflammatory endotype, such as reboot surgery add-
ing mucoplasty, to improve their clinical outcomes and
strengthen the paradigm of precision surgery [15ee, 16ee].

Results in our systematic review show that some extended
approaches targeting the different lamellas and mucosa reach
superior results in increasing QoL scores and symptom con-
trol in severe CRSwNP (Table 2). Our group has also shown
that endonasal mucoplasty, complementary to reboot sur-
gery, improves short- and medium-term outcomes versus
isolated extended techniques (i.e., reboot surgery) [16ee,
39]. First reports show that these mucosal grafts were used
unilaterally with better local healing than the contralateral
nostril in the short term [30, 39]. Subsequently, a prospective
cohort study with bilateral mucoplasty showed hopeful out-
comes in 54 patients with a type 2 inflammatory phenotype.
An increase of up to 22.6 + 6.3 units in the SNOT-22 QoL
questionnaire was observed when using mucoplasty com-
pared to patients who underwent only reboot surgery [16ee].
These outcomes may be attributed to the early and sustained
healing, facilitated by a regenerative process initiated by the
mucosal autograft placed in the ethmoidal roof, with distinct
cellular, molecular, and reparative features [35].

On the other hand, a significant decrease in polyp size
was observed in all studies included in our systematic
review, with a higher improvement in patients undergoing
extended approaches, being consistent among published
articles, with better average NPS values in medium- and
long-term follow-up after EESS [16ee, 20, 21], compared
to worse results after functional surgeries [6, 26]. Recov-
ery in polypoid size, edema, and nasal discharge have
also been found by other authors with different extended

approaches, such as complete [24] or full-house surgery
[23], but not being significantly superior in extended ver-
sus functional ESS when analyzing endoscopic modified
Lund Kennedy scale scores at short- or medium-term fol-
low-up. Although significant enhancements in endoscopic
scores were observed in EESS, no significant differences
have been found among different types of surgeries in the
long-term scores [6, Martin-Jimenez et al. - data not pub-
lished]. The heterogeneity in study samples and the inaccu-
rate surgical technique description may justify this variabil-
ity. Moreover, post-surgical polypoid recurrences of over
40% have been reported, compared to 80-85% for edema
at medium and long term [6, 23, 24, 32].

There has been shown that CRSwNP frequently appears
alongside other respiratory inflammatory diseases such as
asthma or N-ERD with a common underlying pathophysi-
ology [40, 41]. The coincidence of bronchial and sinona-
sal type 2 inflammatory disease phenotype is a marker of
poor control and higher severity for both diseases [11, 12].
Our group has recently reviewed a retrospective cohort of
274 patients with severe CRSwNP treated surgically with
extended or functional ESS. We found an OR of 6.49 (95%
CI 1.70, 24.84) for achieving an increase of at least 12
points in SNOT-22 scores comparing EESS vs FESS, and
this improvement was independent of the asthmatic status
of patients [Martin-Jimenez et al. - data not published].
DeConde et al. have already published a series of patients
who underwent functional or extended ESS, finding no dif-
ferences in surgical outcomes for CRSwNP in asthmatic
vs no asthmatic patients [24]. This has also been shown in
studies with longer-term follow-ups of CRSwNP patients
treated surgically in which authors did not find differences
in QoL outcomes in the subgroup of asthmatic patients
compared to no asthmatic group [21]. These findings high-
light the role of different types of surgery, indicating that
surgical extension may lead to a significant role in achiev-
ing improved clinical and QoL outcomes, irrespective of
comorbidities [6, 16ee, 42].

New biologic drugs recently assessed for treating severe
type 2 CRSwNP patients who do not achieve control even after
surgery have been shown to address results in a way previously
unattainable by medical and surgical therapy [43]. However, its
cost-effectiveness still needs to be improved [44, 45]. A better
efficiency related to ESS against biological drugs has been
shown for achieving symptom control and improving QoL
in the short- and medium-term [46—48]. In addition, experts
groups, International Consensus, and Clinical Guidelines con-
tinue to advocate surgery before the use of these biological
drugs [2—4, 7] and published results from clinical trials and
real-life studies continue to demonstrate better outcomes in
patients undergoing biological drugs after ESS versus those
obtained by the treatments in isolation [49, 50]. However, sur-
gical timing remains an ongoing topic of discussion.
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Limitations

The main limitation of our review is the impossibility of per-
forming a meta-analysis of data, carrying out only a qualitative
analysis, due to the high heterogeneity and low quality of the
studies included. Our results are also limited by the need for a
more scientific quality of the studies involving surgical proce-
dures due to the nuances of each technique from an anatomical
point of view, describing different extensions in the resection
of the lamellae and the differences in the treatment of the nasal
mucosa. This issue highlights the need for a consensual clas-
sification that allows us to accurately describe the action on the
lamellae, the ostium, the extension in the resection of the septa,
and the mucosa treatment.

Furthermore, the absence of randomized placebo-
controlled studies, subject to the difficulties of using a
placebo, and the ethical limitation of the indication of dif-
ferent techniques in patients with similar baseline char-
acteristics inherent to surgery studies, implies that our
results lack sufficient scientific evidence to be able to
draw conclusions and draw up clinical guidelines.

Finally, the clinical outcomes associated with the use
of mucoplasty in an environment where new advances in
the cellular and molecular understanding of the inflamma-
tory response in CRSwNP patients are modulating targeted
therapies compel the development of a deeper line of inves-
tigation of the markers that define the peculiarities in the
behavior of the nasal mucosa, thorough the different loca-
tions within the nasal fossa and paranasal sinuses. The new
results associated with the study of fibroblasts and the other
markers that modulate the inflammatory response may be
the key to understanding the advantages of bilateral muco-
plasty in treating severe CRSwNP.

Conclusions

Our systematic review shows promising results for extended
endoscopic sinus surgery with added mucoplasty in manag-
ing severe chronic rhinosinusitis with nasal polyp patients.
The low quality of the current evidence found in this review
does not allow to set robust recommendations about the most
appropriate option for surgical treatment. There is a need for
high-quality studies on phenotyping these patients to select
those who will benefit more from each medical and surgi-
cal management option, including the combination of both,
from a precision medicine point of view, including long-
term efficiency as an essential outcome.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11882-023-01113-x.

Acknowledgements We are grateful to the editorial board for the invi-
tation to publish in this prestigious journal.

@ Springer

Author Contribution DMJ, RML, JGG, JMS, and SSG had the idea for
the article, the literature search and data analysis were performed by
DMIJ, RML and JMS, the initial text was drafted by DMJ, RML, and
AC, figures and tables were created by DMJ and AC, and the manu-
script was critically revised by DMJ, RML, AC, and SSG. All authors
read and approved the final manuscript.

Funding Funding for open access publishing: Universidad de Sevilla/
CBUA

Data Availability All the data and materials used in this publication are
available in online databases. Those that required paper format are kept
in the Otolaryngology Department of the Virgen Macarena University
Hospital in Seville, Spain.

Compliance with Ethical Standards
Conflict of Interest The authors declare no competing interests.

Human and Animal Rights and Informed Consent This article does not
contain any studies with human or animal subjects performed by any
of the authors.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Papers of particular interest, published recently, have
been highlighted as:

e Of importance

ee Of major importance

1. Sahlstrand-Johnson P, Hopkins C, Ohlsson B, Ahlner-Elmqvist
M. The effect of endoscopic sinus surgery on quality of life and
absenteeism in patients with chronic rhinosinuitis - a multi-
centre study. Rhinology. 2017;55(3):251-61. https://doi.org/10.
4193/rhino16.126.

2. Orlandi RR, Kingdom TT, Smith TL, Bleier B, DeConde A,
Luong AU, et al. International consensus statement on allergy
and rhinology: rhinosinusitis 2021. Int Forum Allergy Rhinol.
2021;11(3):213-739. https://doi.org/10.1002/alr.22741.

3. Fokkens WJ, Lund VIJ, Hopkins C, Hellings PW, Kern R,
Reitsma S, et al. European position paper on rhinosinusitis
and nasal polyps 2020. Rhinology. 2020;58(Suppl S29):1-464.
https://doi.org/10.4193/rhin20.600.

4. Bachert C, Han JK, Wagenmann M, Hosemann W, Lee SE,
Backer V, et al. EUFOREA expert board meeting on uncontrolled
severe chronic rhinosinusitis with nasal polyps (CRSwNP) and


https://doi.org/10.1007/s11882-023-01113-x
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.4193/rhino16.126
https://doi.org/10.4193/rhino16.126
https://doi.org/10.1002/alr.22741
https://doi.org/10.4193/rhin20.600

Current Allergy and Asthma Reports (2023) 23:733-746

745

9.e

10.

11.

12.

13.

14.

biologics: definitions and management. J Allergy Clin Immunol.
2021;147(1):29-36. https://doi.org/10.1016/j.jaci.2020.11.013.
Rudmik L, Soler ZM, Hopkins C, Schlosser RJ, Peters A, White
AA, et al. Defining appropriateness criteria for endoscopic sinus
surgery during management of uncomplicated adult chronic rhi-
nosinusitis: a RAND/UCLA appropriateness study. Rhinology.
2016;54(2):117-28. https://doi.org/10.4193/rhino16.023.
Zhang L, Zhang Y, Gao Y, Wang K, Lou H, Meng Y, et al. Long-
term outcomes of different endoscopic sinus surgery in recurrent
chronic rhinosinusitis with nasal polyps and asthma. Rhinology.
2020;58(2):126-35. https://doi.org/10.4193/rhin19.184.
Alobid I, Colas C, Castillo JA, Arismendi E, Del Cuvillo A,
Go6mez-Outes A, et al. Spanish consensus on the management
of chronic rhinosinusitis with nasal polyps (POLIposis NAsal /
POLINA 2.0). J Investig Allergol Clin Immunol. 2023;0. Online
ahead of print. https://doi.org/10.18176/jiaci.0910.

Bai J, Huang JH, Price CPE, Schauer JM, Suh LA, Harmon
R, et al. Prognostic factors for polyp recurrence in chronic
rhinosinusitis with nasal polyps. J Allergy Clin Immunol.
2022;150(2):352-361.e7. https://doi.org/10.1016/j.jaci.2022.
02.029.

Huang Y, Zhang N, Xu Z, Zhang L, Bachert C. The devel-
opment of the mucosal concept in chronic rhinosinusitis
and its clinical implications. J Allergy Clin Immunol Pract.
2022;10(3):707-15. https://doi.org/10.1016/j.jaip.2021.10.
054. Comment: Clinical commentary review that defines
the mucosal concept and reviews the tissue and molecular
mechanisms of inflammation in CRSwNP, reinforcing that
chronic rhinosinusitis is a mucosal nasal disease.

Bachert C, Zhang N, Hellings PW, Bousquet J. Endotype-
driven care pathways in patients with chronic rhinosinusitis. J
Allergy Clin Immunol. 2018;141(5):1543-51. https://doi.org/
10.1016/j.jaci.2018.03.004.

Bachert C, Marple B, Hosemann W, Cavaliere C, Wen W,
Zhang N. Endotypes of chronic rhinosinusitis with nasal pol-
yps: pathology and possible therapeutic implications. J Allergy
Clin Immunol Pract. 2020;8(5):1514-9. https://doi.org/10.
1016/j.jaip.2020.03.007.

Cardell LO, Stjarne P, Jonstam K, Bachert C. Endotypes of
chronic rhinosinusitis: Impact on management. J Allergy Clin
Immunol. 2020;145(3):752-6. https://doi.org/10.1016/j.jaci.
2020.01.019.

Jonstam K, Alsharif S, Bogaert S, Suchonos N, Holtappels
G, Jae-Hyun Park J, et al. Extent of inflammation in severe
nasal polyposis and effect of sinus surgery on inflammation.
Allergy. 2021;76(3):933-6. https://doi.org/10.1111/all.14550.
Shen PH, Weitzel EK, Lai JT, Wormald PJ, Lin CH. Retrospec-
tive study of full-house functional endoscopic sinus surgery
for revision endoscopic sinus surgery. Int Forum Allergy Rhi-
nol. 2011;1(6):498-503. https://doi.org/10.1002/alr.20081.

15.ee Alsharif S, Jonstam K, van Zele T, Gevaert P, Holtappels G,

Bachert C. Endoscopic sinus surgery for type-2 CRSwNP:
an endotype-based retrospective study. Laryngoscope.
2019;129(6):1286-92. https://doi.org/10.1002/lary.27815.
Comment: First surgical study that phenotypes patients
for the surgical indication and describes reboot surgery,
spreading the concept of mucosal inflammation and its
complete resection as the basis for better clinical outcomes.

16.ee¢ Moreno-Luna R, Martin-Jimenez DI, Callejon-Leblic MA,

Gonzalez-Garcia J, Maza-Solano JM, Porras-Gonzalez C,
et al. Usefulness of bilateral mucoplasty plus reboot surgery
in severe type-2 chronic rhinosinusitis with nasal polyps. Rhi-
nology. 2022;60(5):368-76. https://doi.org/10.4193/rhin22.
131. Comment: This prospective study is the first article
to demonstrate the medium-term efficacy of reboot surgery
plus bilateral mucoplasty in patients with severe type-2

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

CRSwNP, with better results in terms of quality of life and
mucosal healing than reboot surgery isolated, at one year
after the procedure.

Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group.
Preferred reporting items for systematic reviews and meta-analyses:
the PRISMA statement. PLoS Med. 2009;6(7):e1000097. https://
doi.org/10.1371/journal.pmed.1000097.

Phillips B, Ball C, Sackett D, Badenoch C, Straus S, Haynes
B, et al. Oxford centre for evidence-based medicine: levels of
evidence. In: Centre for Evidence-Based Medicine of University
of Oxford. 2009. https://www.cebm.ox.ac.uk/resources/levels-
of-evidence/oxford-centre-for-evidence-based-medicine-levels-
of-evidence-march-2009. Accessed 20 May 2023.

National Institute for Health and Clinical Excellence. Methods
for the development of NICE public health guidance, appendix
F. 3rd ed. London: National Institute for Health and Clinical
Excellence; 2012.

Pirola F, Pace GM, Giombi F, Heffler E, Paoletti G, Nappi E,
et al. Outcomes of non-mucosa sparing endoscopic sinus surgery
(partial reboot) in refractory chronic rhinosinusitis with nasal
polyposis: an academic hospital experience. Laryngoscope.
2023;133(7):1584-9. https://doi.org/10.1002/lary.30422.
Arancibia C, Langdon C, Mullol J, Alobid I. Twelve-year long-
term postoperative outcomes in patients with chronic rhinosi-
nusitis with nasal polyps. Rhinology. 2022;60(2):109-17. https://
doi.org/10.4193/rhin21.148.

Calus L, Van Bruaene N, Bosteels C, Dejonckheere S, Van Zele
T, Holtappels G, et al. Twelve-year follow-up study after endo-
scopic sinus surgery in patients with chronic rhinosinusitis with
nasal polyposis. Clin Transl Allergy. 2019;9:30. https://doi.org/
10.1186/s13601-019-0269-4.

Chen FH, Deng J, Hong HY, Xu R, Guo JB, Hou WJ, et al. Extensive
versus functional endoscopic sinus surgery for chronic rhinosinusitis
with nasal polyps and asthma: a 1-year study. Am J Rhinol Allergy.
2016;30(2):143-8. https://doi.org/10.2500/ajra.2016.30.4271.
DeConde AS, Suh JD, Mace JC, Alt JA, Smith TL. Outcomes
of complete vs targeted approaches to endoscopic sinus surgery.
Int Forum Allergy Rhinol. 2015;5(8):691-700. https://doi.org/
10.1002/alr.21541.

Zhang Z, Adappa ND, Doghramji LJ, Chiu AG, Lautenbach E,
Cohen NA, et al. Quality of life improvement from sinus surgery
in chronic rhinosinusitis patients with asthma and nasal polyps:
QOL after FESS in asthma and nasal polyps. Int Forum Allergy
Rhinol. 2014;4(11):885-92. https://doi.org/10.1002/alr.21406.
Proimos E, Papadakis CE, Chimona TS, Kiagiadaki D, Ferekidis
E, Yiotakis J. The effect of functional endoscopic sinus surgery
on patients with asthma and CRS with nasal polyps. Rhinology.
2010;48(3):331-8. https://doi.org/10.4193/rhino09.123.
Jankowski R, Pigret D, Decroocq F, Blum A, Gillet P. Compari-
son of radical (nasalisation) and functional ethmoidectomy in
patients with severe sinonasal polyposis. A retrospective study.
Rev Laryngol Otol Rhinol (Bord). 2006;127(3):131-40.

Batra PS, Kern RC, Tripathi A, Conley DB, Ditto AM, Haines GK,
et al. Outcome analysis of endoscopic sinus surgery in patients with
nasal polyps and asthma. Laryngoscope. 2003;113(10):1703-6.
https://doi.org/10.1097/00005537-200310000-00008.
Stammberger H, Posawetz W. Functional endoscopic sinus sur-
gery. Concept, indications and results of the Messerklinger tech-
nique. Eur Arch Otorhinolaryngol. 1990;247(2):63-76. https://
doi.org/10.1007/bf00183169.

Moreno-Luna R, Gonzalez-Garcia J, Maza-Solano JM, Molina-
Fernandez E, Pinheiro-Neto CD, Del Cuvillo BA, et al. Free
nasal floor mucosal grafting after endoscopic total ethmoid-
ectomy for severe nasal polyposis: a pilot study. Rhinology.
2019;57(3):219-24. https://doi.org/10.4193/rhin18.178.

@ Springer


https://doi.org/10.1016/j.jaci.2020.11.013
https://doi.org/10.4193/rhino16.023
https://doi.org/10.4193/rhin19.184
https://doi.org/10.18176/jiaci.0910
https://doi.org/10.1016/j.jaci.2022.02.029
https://doi.org/10.1016/j.jaci.2022.02.029
https://doi.org/10.1016/j.jaip.2021.10.054
https://doi.org/10.1016/j.jaip.2021.10.054
https://doi.org/10.1016/j.jaci.2018.03.004
https://doi.org/10.1016/j.jaci.2018.03.004
https://doi.org/10.1016/j.jaip.2020.03.007
https://doi.org/10.1016/j.jaip.2020.03.007
https://doi.org/10.1016/j.jaci.2020.01.019
https://doi.org/10.1016/j.jaci.2020.01.019
https://doi.org/10.1111/all.14550
https://doi.org/10.1002/alr.20081
https://doi.org/10.1002/lary.27815
https://doi.org/10.4193/rhin22.131
https://doi.org/10.4193/rhin22.131
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1371/journal.pmed.1000097
https://www.cebm.ox.ac.uk/resources/levels-of-evidence/oxford-centre-for-evidence-based-medicine-levels-of-evidence-march-2009
https://www.cebm.ox.ac.uk/resources/levels-of-evidence/oxford-centre-for-evidence-based-medicine-levels-of-evidence-march-2009
https://www.cebm.ox.ac.uk/resources/levels-of-evidence/oxford-centre-for-evidence-based-medicine-levels-of-evidence-march-2009
https://doi.org/10.1002/lary.30422
https://doi.org/10.4193/rhin21.148
https://doi.org/10.4193/rhin21.148
https://doi.org/10.1186/s13601-019-0269-4
https://doi.org/10.1186/s13601-019-0269-4
https://doi.org/10.2500/ajra.2016.30.4271
https://doi.org/10.1002/alr.21541
https://doi.org/10.1002/alr.21541
https://doi.org/10.1002/alr.21406
https://doi.org/10.4193/rhino09.123
https://doi.org/10.1097/00005537-200310000-00008
https://doi.org/10.1007/bf00183169
https://doi.org/10.1007/bf00183169
https://doi.org/10.4193/rhin18.178

746

Current Allergy and Asthma Reports (2023) 23:733-746

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Ramkumar SP, Marks L, Lal D, Marino MJ. Outcomes of limited
versus extensive surgery for chronic rhinosinusitis: a systematic
review and meta-analysis. Int Forum Allergy Rhinol. 2023;0.
Online ahead of print. https://doi.org/10.1002/alr.23178.
DeConde AS, Mace JC, Levy JM, Rudmik L, Alt JA, Smith TL.
Prevalence of polyp recurrence after endoscopic sinus surgery
for chronic rhinosinusitis with nasal polyposis. Laryngoscope.
2017;127(3):550-5. https://doi.org/10.1002/1ary.26391.
Gomes SC, Cavaliere C, Masieri S, Van Zele T, Gevaert P,
Holtappels G, et al. Reboot surgery for chronic rhinosinusitis
with nasal polyposis: recurrence and smell kinetics. Eur Arch
Otorhinolaryngol. 2022;279(12):5691-9. https://doi.org/10.
1007/300405-022-07470-z.

Lépez-Enriquez S, Porras-Gonzélez C, Moreno-Luna R, Ebert
CS, Alba G, Santa-Maria C, et al. Tissue-specific activated regu-
latory lymphocytes immunophenotype in chronic rhinosinusitis
with nasal polyps. Arch Bronconeumol. 2023;59(5):337—-40.
https://doi.org/10.1016/j.arbres.2022.12.013.

Porras-Gonzalez C, Palacios-Garcia JM, Sanchez-Gomez S,
Maza-Solano JM, Alba G, Sanchez-Margalet V, et al. Tran-
scriptional analysis of nasal polyps fibroblasts reveals a new
source of pro-inflammatory signaling in CRSwNP. Rhinology.
2023;61(2):180-9. https://doi.org/10.4193/rhin22.309.
Palacios-Garcia J, Porras-Gonzalez C, Moreno-Luna R, Maza-
Solano J, Polo-Padillo J, Muiioz-Bravo JL, et al. Role of fibroblasts
in chronic inflammatory signalling in chronic rhinosinusitis with
nasal polyps-a systematic review. J Clin Med. 2023;12(9):3280.
https://doi.org/10.3390/jcm12093280.

Vlaminck S, Acke F, Prokopakis E, Speleman K, Kawauchi H,
van Cutsem JC, et al. Surgery in nasal polyp patients: outcome
after a minimum observation of 10 years. Am J Rhinol Allergy.
2021;35(4):449-57. https://doi.org/10.1177/1945892420961964.
Gurrola J, Borish L. Chronic rhinosinusitis: endotypes, bio-
markers, and treatment response. J Allergy Clin Immunol.
2017;140(6):1499-508. https://doi.org/10.1016/j.jaci.2017.10.006.
Moreno-Luna R, Gonzalez-Garcia J, Palacios-Garcia J, Maza-
Solano JM, Del Cuvillo BA, Sanchez-G6mez S. Usefulness
of endonasal mucoplasty in the surgical treatment of chronic
rhinosinusitis with nasal polyps. Prospective study. Acta Otor-
rinolaringol Esp. 2021;72(4):256-61. https://doi.org/10.1016/j.
otoeng.2020.08.003.

Tomassen P, Vandeplas G, Van Zele T, Cardell LO, Arebro J,
Olze H, et al. Inflammatory endotypes of chronic rhinosinusitis
based on cluster analysis of biomarkers. J Allergy Clin Immunol.
2016;137(5):1449-1456.e4. https://doi.org/10.1016/j.jaci.2015.
12.1324.

Langdon C, Mullol J. Nasal polyps in patients with asthma: prev-
alence, impact, and management challenges. J Asthma Allergy.
2016;9:45-53. https://doi.org/10.2147/jaa.s86251.

Alanin MC, Hopkins C. Effect of functional endoscopic
sinus surgery on outcomes in chronic rhinosinusitis. Curr

@ Springer

43.

44,

45.

46.

47.

48.

49.

50.

Allergy Asthma Rep. 2020;20(7):27. https://doi.org/10.1007/
s11882-020-00932-6.

Kariyawasam HH, Chandrasekharan DP, Jacques T, Stokes
P, Dziadzio M, Gane SB, et al. Biologic treatment for severe
chronic rhinosinusitis with nasal polyps: a systematic review
and meta-analysis. Rhinology. 2023;61(2):98-107. https://doi.
org/10.4193/rhin22.412.

van der Lans RJL, Hopkins C, Senior BA, Lund VJ, Reitsma S.
Biologicals and endoscopic sinus surgery for severe uncontrolled
chronic rhinosinusitis with nasal polyps: an economic perspec-
tive. J Allergy Clin Immunol Pract. 2022;10(6):1454-61. https://
doi.org/10.1016/j.jaip.2022.02.017.

Roland LT, Smith TL, Schlosser RJ, Soler ZM, Peters AT,
Laidlaw TM, et al. Guidance for contemporary use of biolog-
ics in management of chronic rhinosinusitis with nasal polyps:
discussion from a National Institutes of Health—sponsored work-
shop. Int Forum Allergy Rhinol. 2020;10(9):1037-42. https://
doi.org/10.1002/alr.22633.

Miglani A, Soler ZM, Smith TL, Mace JC, Schlosser RJ. A com-
parative analysis of endoscopic sinus surgery versus biologics
for treatment of chronic rhinosinusitis with nasal polyposis. Int
Forum Allergy Rhinol. 2023;13(2):116-28. https://doi.org/10.
1002/alr.23059.

Dharmarajan H, Falade O, Lee SE, Wang EW. Outcomes of
dupilumab treatment versus endoscopic sinus surgery for chronic
rhinosinusitis with nasal polyps. Int Forum Allergy Rhinol.
2022;12(8):986-95. https://doi.org/10.1002/alr.22951.

Chen J, Wang H, Zhang C, Shi L, Zhang Q, Song X, et al. Com-
parative short-term efficacy of endoscopic sinus surgery and
biological therapies in chronic rhinosinusitis with nasal polyps: a
network meta-analysis. Clin Trans] Allergy. 2023;13(6):e12269.
https://doi.org/10.1002/clt2.12269.

De Corso E, Pasquini E, Trimarchi M, La Mantia I, Pagella F,
Ottaviano G, et al. Dupilumab in the treatment of severe uncontrolled
chronic rhinosinusitis with nasal polyps (CRSwNP): a multicentric
observational Phase IV real-life study (DUPIREAL). Allergy.
2023;0. Online ahead of print. https://doi.org/10.1111/all.15772.
Dominguez-Sosa MS, Cabrera-Ramirez MS, Marrero-Ramos
MDC, Davila-Quintana D, Cabrera-Lépez C, Carrillo-Diaz
T, et al. Real-life effectiveness of mepolizumab in refrac-
tory chronic rhinosinusitis with nasal polyps. Biomedicines.
2023;11(2):485. https://doi.org/10.3390/biomedicines11020485.

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


https://doi.org/10.1002/alr.23178
https://doi.org/10.1002/lary.26391
https://doi.org/10.1007/s00405-022-07470-z
https://doi.org/10.1007/s00405-022-07470-z
https://doi.org/10.1016/j.arbres.2022.12.013
https://doi.org/10.4193/rhin22.309
https://doi.org/10.3390/jcm12093280
https://doi.org/10.1177/1945892420961964
https://doi.org/10.1016/j.jaci.2017.10.006
https://doi.org/10.1016/j.otoeng.2020.08.003
https://doi.org/10.1016/j.otoeng.2020.08.003
https://doi.org/10.1016/j.jaci.2015.12.1324
https://doi.org/10.1016/j.jaci.2015.12.1324
https://doi.org/10.2147/jaa.s86251
https://doi.org/10.1007/s11882-020-00932-6
https://doi.org/10.1007/s11882-020-00932-6
https://doi.org/10.4193/rhin22.412
https://doi.org/10.4193/rhin22.412
https://doi.org/10.1016/j.jaip.2022.02.017
https://doi.org/10.1016/j.jaip.2022.02.017
https://doi.org/10.1002/alr.22633
https://doi.org/10.1002/alr.22633
https://doi.org/10.1002/alr.23059
https://doi.org/10.1002/alr.23059
https://doi.org/10.1002/alr.22951
https://doi.org/10.1002/clt2.12269
https://doi.org/10.1111/all.15772
https://doi.org/10.3390/biomedicines11020485

	Endoscopic Extended Sinus Surgery for Patients with Severe Chronic Rhinosinusitis with Nasal Polyps, the Choice of Mucoplasty: A Systematic Review
	Abstract
	Purpose of Review 
	Recent Findings 
	Summary 

	Introduction
	Material and Methods
	Research Question
	Search Strategy
	Eligibility Criteria
	Study Extraction, Categorization, and Analysis
	Assessment of Study Quality and Risk of Bias
	Statistical Analysis

	Results
	Discussion
	Limitations
	Conclusions
	Anchor 18
	Acknowledgements 
	References


