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Abstract
Purpose  Evidences showed improvements in clinical asthma outcomes following endoscopic sinus surgery (ESS) in chronic 
rhinosinusitis (CRS) patients with asthma. However, pulmonary function benefits have remained controversial up to date. 
The goal of this study was to conduct a systematic review and meta-analysis to investigate the effects of ESS on pulmonary 
function tests in CRS patients with asthma.
Methods  Pubmed, Embase and Cochrane Library were searched up to March 2018 to obtain relevant studies. The researches 
that evaluated the effects of ESS on pulmonary function in CRS patients with asthma and had at least one parameter of 
pulmonary function tests before and after surgery were included in the study.
Results  A total of 13 studies containing 421 patients satisfied the eligibility after judgment by 2 reviewers. These included 
three RCTs and ten case series. The heterogeneity in parameters of spirometry and difference in data presented forms across 
studies along with the lack of standard deviation of some data make it difficult to synthesize results. If data were unavail-
able for meta-analyses, descriptive statistics were used to report study outcomes. After qualitative and quantitative analysis, 
the weighted mean change after ESS in forced expiratory flow between 25% and 75% of vital capacity (FEF25–75%) was 
0.21 L/s (95% CI 0.12–0.30); eight of ten studies supported that forced expiratory volume at 1 s (FEV1) improved after 
ESS; five of six studies supported that peak expiratory flow (PEF) improved after ESS. However, strength of evidence is 
generally low to insufficient.
Conclusion  A generally low-quality evidence supports the association between ESS and improvements in FEF25–75%, FEV1 
and PEF. A few studies met inclusion criteria for meta-analysis, which indicates the need for more high-quality studies to 
determine the effect of ESS.

Keywords  Asthma · Chronic rhinosinusitis · Endoscopic sinus surgery · Pulmonary function tests · Systematic review · 
Meta-analysis

Introduction

Chronic rhinosinusitis (CRS) is a common inflammatory con-
dition involving the nasal passages and cavities, potentially 
affecting 1.01–19.9% of the population worldwide [1] and 
8% of the population in China [2]. Asthma is a chronic lung 
disease with variable and recurring symptoms, including air-
flow obstruction, bronchial hyperresponsiveness and underly-
ing inflammation, in which the small airway is a major site 
involved [3, 4]. There is rising epidemiological evidence link-
ing CRS and asthma. In 2008–2009, the Global Allergy and 
asthma Network of Excellence (GA2LEN) conducted a postal 
questionnaire in adults from 25 centers in Europe [5]. This 
study found a strong association between asthma and CRS. 
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The overall odds ratios for asthma with respect to CRS was 
3.48. Meanwhile, CRS and asthma are similar in histology, 
with tissue eosinophil infiltration, increased glandular tissue 
and edema [6].

CRS coexisting with asthma, being a combination of two 
diseases, is one of the most challenging phenotypes to treat. 
Endoscopic sinus surgery (ESS) is a widely performed tech-
nique for the management of CRS patients who do not respond 
well to the medical treatment. The additional effects of ESS 
on asthmatic outcomes in CRS patients have been a concern 
of rhinologists and respirologists for years [7–19]. The assess-
ments of asthma outcome consist of objective and subjective 
measures, including pulmonary function tests, overall asthma 
control, asthma attack frequency, etc. Pulmonary function tests 
are valuable methods that aid in the diagnosis and monitoring 
of patients with asthma, and spirometry is the most frequently 
used measure of pulmonary function. Spirometry measures 
expiratory flow and exhaled volume during a forced expiratory 
vital capacity maneuver. It can demonstrate obstruction and 
evaluate reversibility in patients ≥ 5 years old, and is a reliable 
objective measure to identify asthma [3, 20]. The primary out-
come measures of spirometry are forced expiratory volume at 
1 s (FEV1), forced vital capacity (FVC), and FEV1/FVC ratio 
(FEV1%). The secondary outcome measures are peak expira-
tory flow (PEF), and forced expiratory flow between 25 and 
75% of vital capacity (FEF25–75%). Results are presented in 
the forms of raw data (liters, liters/second) and percentage of 
predicted (% predicted).

Although, evidences showed improvements in clinical 
asthma outcomes in CRS patients following ESS, pulmonary 
function change after ESS has remained controversial up to 
date [7–19]. Vashishta et al. [21] conducted a meta-analysis 
in 2012 and reported that ESS in patients with concomitant 
asthma improved clinical asthma outcome measures, but not 
the lung function tests. However, the analysis about pulmonary 
function in that study was based on limited studies, reduc-
ing the strength of conclusion. Moreover, they included the 
studies about aspirin-exacerbated respiratory disease (AERD), 
which is also termed as Samter’s Triad (asthma, nasal polyps 
and respiratory symptoms exacerbated by aspirin). AERD is 
a special syndrome, caused by an anomaly in the arachidonic 
acid-metabolizing cascade, which resulted in a worse outcome 
of ESS. With a new study [19] and excluding the studies exclu-
sively focused on AERD, we re-conduct a systematic review 
and meta-analysis to investigate the effects of ESS on pulmo-
nary function tests in CRS patients with asthma.

Materials and methods

The systematic review and meta-analysis was based on the 
Preferred Reporting Items for Systematic Review and Meta-
Analyses (PRISMA) criteria [22].

Literature search

Literature was searched by two authors in parallel using 
PubMed, Embase and the Cochrane Library in March 2018. 
The search strategy used in PubMed and Embase combined 
various terms for chronic sinusitis (sinusitis, chronic rhi-
nosinusitis, nasal polyps), asthma, sinus surgery (endoscopic 
sinus surgery, sinus surgery, functional endoscopic sinus 
surgery, polypectomy, ESS, FESS) and pulmonary function 
tests (respiratory function tests, respiratory function test, 
pulmonary function tests, pulmonary function test, lung 
function tests, lung function test) to identify possible stud-
ies, while the search strategy used in Cochrane Library com-
bined terms for chronic sinusitis (nasal polyps, sinusitis) and 
asthma. Studies included were restricted to English within 
the latest 20 years. After searching all databases, duplicates 
were removed. Then, the title and abstract of each study 
obtained by the search strategy were scanned. We aimed 
at studies that evaluated the effects of ESS on pulmonary 
function tests in CRS patients with asthma and had at least 
one parameter of pulmonary function tests before and after 
surgery. The exclusive criteria were as follows: (1) stud-
ies that exclusively focused on patients with AERD were 
excluded, as AERD is a special syndrome and presents much 
worse results of ESS; (2) studies that only included children. 
When a study met the inclusion criteria, the full text of the 
article was gathered to confirm the eligibility. References 
of included studies were reviewed to identify any additional 
articles. If more than one study from an institution had over-
lapping data, the study with the largest sample size or the 
complete data was chosen.

Data extraction

Information about the author, year of publication, study 
design, sample size, follow-up time, preoperative and post-
operative pulmonary function test results were gathered 
from the included studies. The parameters of pulmonary 
function tests included FEF25–75%, FEV1, FEV1%, FVC 
and PEF. The parameters presented as mean ± standard 
deviation (SD) were extracted or calculated from literature 
for the meta-analysis. If data were not provided or could 
not be calculated from the provided data, we emailed the 
authors directly to obtain the raw data. If data were unavail-
able for meta-analyses, descriptive statistics were used to 
report study outcomes.

Meta‑analysis

The Revman 5.3 software was used in performing the meta-
analysis. Given expected heterogeneity, a random effects 



1407European Archives of Oto-Rhino-Laryngology (2019) 276:1405–1411	

1 3

model with inverse variance weighting was performed to 
generate the mean change after ESS, along with the forest 
plot and 95% confidence interval (CI). P values less than 
0.05 were considered statistically significant. Every single 
study was removed one by one to examine the effect of the 
respective data, and articles of high heterogeneity were taken 
out for debate.

Results

Study characteristics

Based on the search strategy, a total of 91 articles were 
obtained (PubMed: 25; Embase: 34; Cochrane Library: 29; 
identified through references review: 3). Thirteen studies 
reported preoperative and postoperative pulmonary func-
tion tests results. These included three RCTs and ten case 
series. The selection process was presented in Fig. 1. The 
characteristics of these studies are listed in Table 1. They 
were performed between 1999 and 2014, involving 421 adult 
patients. The level of evidence was identified according to 

Centre for Evidence-Based Medicine (CEBM) criteria. The 
sample size was the number of patients that had CRS com-
bined with asthma who underwent sinus surgery with regular 
medication treatments.

FEF25–75%

Two studies reported the change of FEF25–75% after ESS 
(n = 69). The weighted mean change in FEF25–75% was 
0.21 L/s (95% CI 0.12–0.30) [8, 17]. Individual study find-
ings and the forest plot are shown in Fig. 2.

FEV1 and FEV1 (% predicted)

Ten studies reported FEV1 as a parameter of spirometry 
with widely varied data. Eight of ten studies supported that 
FEV1 improved after ESS.

Six studies reported FEV1 in liters (L). Four of them pre-
sented the results as mean ± SD [8, 14, 17, 19]. However, 
one had high heterogeneity (I2 = 62%) and was excluded 
from the meta-analysis [14]. The weighted mean change 
of FEV1 of the other three studies was 0.09 L (95% CI 

Fig. 1   Flow diagram for study selection process in the systematic review and meta-analysis
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0.01–0.16, n = 94) postoperatively [8, 17, 19]. Individual 
study findings and the forest plot are shown in Fig. 3. In 
Gulati et al.’s [14] study, FEV1 improved from preopera-
tive 1.92 ± 0.73 L to postoperative 2.7 ± 0.87 L with a mean 
change of 0.78L (95% CI 0.28–1.28, n = 25). The high het-
erogeneity of this study may come from its worse preopera-
tive FEV1 and short follow-up time (3 months). The fifth 
study presented the median change of FEV1 [18]. Ehnhage 
et al. [18] conducted a double-blind, randomized, placebo-
controlled study that involved patients with nasal polyposis 

and asthma (n = 51) who underwent endoscopic sinus sur-
gery (ESS) with (n = 23) or without (n = 28) fluticasone 
propionate nasal drops (FPND) 400 µg twice daily (bid) 
pre- and post-surgery. They reported that the median change 
in FEV1(L) was − 0.03 (p = 0.48) in the FPND group and 
0.05 (p = 0.45) in the placebo group postoperatively. The last 
study reported no statistically significant change in FEV1(L) 
postoperatively, but did not provide quantifiable values [10].

Four studies reported FEV1 (% predicted), and all 
of them had improvements postoperatively [11, 13, 15, 

Table 1   Summary of the outcomes of pulmonary function tests post-ESS for CRS with asthma

FEF25–75% forced expiratory flow between 25 and 75% of vital capacity, FEV1 forced expiratory volume at 1 s, FEV1% FEV1/FVC ratio, FVC 
forced vital capacity, PEF peak expiratory flow

First author Year Study design Level of 
evidence

Sample size Follow-up time (month) Pulmonary function tests

Improved No change

Dunlop [7] 1999 Retrospective 4 23 12 Peak flow
Goldstein [8] 1999 Retrospective 4 13 Average 33.1 FEF25–75%, FEV1, FVC
Ikeda [9] 1999 Prospective 2b 15 6 PEF
Dhong [10] 2001 Prospective 4 19 Average 20.7 FEV1, FVC
Batra [11] 2003 Retrospective 4 17 12–18 FEV1
Dejima [12] 2005 Prospective 4 28 Average 37.4 PEF
Ragab [13] 2006 Prospective 1b 21 12 FEV1 PEF
Gulati [14] 2008 Prospective 4 25 3 FEV1
Nair [15] 2010 Prospective 4 70 6 FEV1, FVC
Proimos [16] 2010 Prospective 4 86 12 FEV1, FEV1%, 

FVC, PEF
Razmpa [17] 2010 Prospective 4 56 > 12 FEF25–75%, FEV1, FVC
Ehnhage [18] 2012 Retrospective 1b 23 12 FEV1
Chen [19] 2014 Prospective 4 25 12 FEV1, FEV1%, PEF

Fig. 2   Individual study findings and forest plot of the change in forced expiratory flow between 25 and 75% of vital capacity from preoperation 
to postoperation

Fig. 3   Individual study findings and forest plot of the change in forced expiratory volume at 1 s from preoperation to postoperation
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16]. Batra et al. [11] reported that FEV1 (% predicted) 
improved from 83 to 90% (P < 0.014) following ESS 
(n = 17). Nair et al. [15] reported that FEV1 (% predicted) 
improved from 64 to 86% without providing p value 
(n = 70). Proimos et al. [16] evaluated the FEV1 (% pre-
dicted) of 86 patients which improved from 66.0 ± 16.4% 
to 66.7 ± 16.4% (p < 0.001) after ESS. The forth study was 
a randomized prospective study of surgical compared with 
medical therapy in patients with CRS and concomitant 
asthma (n = 21) [13]. The 12-month FEV1 (% predicted) 
after ESS showed significant increase, with a change of 
3.95 ± 7.87% compared with the baseline [13].

In summary, most studies supported that FEV1 and 
FEV1 (% predicted) improved after ESS. However, the 
strength of evidence on this topic is low.

PEF and PEF (% predicted)

PEF was reported by six studies. After qualitative and 
quantitative analysis, five of six studies supported that 
PEF improved after ESS with a low strength of evidence.

Two studies reported PEF in liter/second (L/s) as 
mean ± SD (n = 53) [12, 19]. The weighted mean change 
in PEF was 0.95 L/s (95% CI 0.65–1.24). Individual study 
findings and the forest plot are shown in Fig. 4. Another 
two studies reported the change of PEF in mean ± SD. 
Ikeda et al.’s [9] study enrolled CRS patients with asthma 
(n = 21) and divided them into two groups. In this study, 
15 patients received ESS and 6 patients used intranasal 
corticosteroid spray alone as control. There was a sig-
nificant increase in PEF (1.63 ± 0.75L/s, p < 0.005) in 
ESS group and no significant change in the control group 
postoperatively. Ragab et al.’s [13] randomized prospec-
tive study of surgical compared with medical therapy 
in patients with CRS and concomitant asthma reported 
that the change of PEF from baseline was 0.04 ± 0.12L/s 
(p > 0.05) after ESS (n = 21). Dunlop et al. [7] reported 
28% of patients with improved PEF following surgery 
(n = 23), but did not provide p values. Proimos et al. [16] 
reported PEF (% predicted) improved from 67.5 ± 16.9% 
to 68.4 ± 17.1% (p < 0.001) following surgery (n = 86).

FEV1/FVC ratio (FEV1%)

Two studies [16, 19], with a total of 111 patients, com-
mented on FEV1%. The weighted mean change was 0.00 
postoperatively (p = 0.93).

FVC and FVC (% predicted)

Five studies reported FVC as a parameter of spirometry. Two 
studies reported FVC in liters (L) and in mean ± SD, with a 
total of 69 patients. The weighted mean change was 0.10 L, 
but this was not statistically significant (p = 0.55) [8, 17]. 
Two studies reported FVC (% predicted). Proimos et al. [16] 
reported FVC (% predicted) with improvement from pre-
operatively 83.5 ± 18.2% to 84.1 ± 18.1% (p < 0.001) after 
surgery (n = 86). Nair et al. [15] reported that FVC (% pre-
dicted) improved from 68 to 74% without providing p value 
following surgery (n = 70). One additional study reported no 
statistically significant change in postoperative FVC, but no 
quantifiable data were presented [10].

Discussion

This systematic review and meta-analysis suggested that 
ESS for CRS patients with asthma may improve pulmo-
nary function in FEF25–75%, FEV1 and PEF, but with a 
limited number of studies and a low level of evidence in 
the literature, strength of evidence is generally low to insuf-
ficient. In the previous studies, the authors used different 
parameters and statistical methods to evaluate the effect 
of ESS on pulmonary functions in CRS patients, most of 
which had a small sample size, and the results were conflict-
ing [7–19]. Vashishta et al. [21] performed a meta-analysis 
by reviewing the literatures till 2012. They did not find a 
significant change in lung function tests after ESS in CRS 
with concomitant asthma. The different conclusions of ours 
and Vashishta’s study were probably caused by adding a 
new study and excluding the studies exclusively focusing 
on AERD in our study.

Asthma is a disease characterized by repeated episodes 
of airway obstruction. Therefore, physiologic assessment 
of changes in lung function is critical for evaluating the 

Fig. 4   Individual study findings and forest plot of the change in peak expiratory flow from preoperation to postoperation
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therapeutic effect. Spirometry is a highly standardized test 
for asthma, which has multiple parameters. In our study, 
we found some of the parameters, FEF25–75%, FEV1 and 
PEF, showed improvement post-ESS. Historically, asthma 
was understood to be a disease primarily of the large air-
ways. However, growing evidences show airways from large 
proximal to the small distal end are also involved in asthma 
[23–26]. The small airways are defined by an internal airway 
diameter of < 2 mm and accounts for 98.9% of the total lung 
volume [27]. The commonly used flow measure in small 
airway studies is FEF25–75%, which is considered reflec-
tive of small airway obstruction, and might predict the long-
term persistence of asthma and poor asthma outcomes [28]. 
FEV1 is generally accepted as the gold standard for clini-
cally evaluating airway obstruction and assessing response 
to therapy. However, this measurement does not provide a 
comprehensive evaluation of the entire bronchial tree and is 
most reflective of abnormalities in the large- and medium-
sized airways. PEF is a measure of maximum instantaneous 
expiratory flow and can be self-administered on a daily basis 
[29]. It is an important tool in the management of asthmatic 
patients [30]. The beneficial effect of ESS for CRS patients 
with asthma on FEF25–75%, FEV1 and PEF observed in 
our study suggested an improved condition of pulmonary 
function after ESS.

FVC is the amount of air which can be forcibly exhaled 
from the lungs after taking the deepest breath possible, 
which is usually nearly normal in asthma. FEV1% is usu-
ally reduced during the attack and recovers to normal or 
nearly normal after thr attack. In our study, we did not find 
that these two measures improved significantly post-ESS. 
Asthma in attack is a contraindication for ESS. Sinus sur-
geons are advised to avoid performing ESS for patients with 
uncontrolled asthma in case of an asthma attack during sur-
gery. This is probably the reason why we did not find that 
FVC, and FEV1% improved post-ESS.

Several mechanisms could play a role in lower airway 
dysfunction in patients with CRS. First, the nose protects 
lower airways through filtering and conditioning the inhaled 
air, and the diseased nose may impair these protective abili-
ties and lead to allergens, as well as cold and dry air getting 
into lower airways [31, 32]. Moreover, the nasobronchial 
reflex mechanism contributes to the interaction between nose 
and lungs [32]. Furthermore, rhinosinusitis and asthma share 
a similar inflammatory pathophysiologic process [33, 34]. 
The above-mentioned mechanisms provide evidence for the 
unified airway hypothesis and a theoretical basis that using 
ESS in CRS patients with asthma to relieve nasal diseases 
may also improve the condition of asthma, and our study can 
be considered as additional evidence.

There were some limitations in our study. First, most of 
these studies were of low quality and lacked a comparison 
or control group. Only two studies were identified as level 

1b evidence, and most articles were case series identified as 
level 4 evidence (Table 1). Moreover, the heterogeneity in 
parameters of spirometry and difference in data presented 
forms across studies along with the lack of standard devia-
tion of some data makes it difficult to synthesize results. 
These above-mentioned limitations thus made the data inad-
equate and incapable of being summarized. Despite these 
limitations, this systematic review identified significant 
weaknesses in the literature regarding pulmonary function 
tests in CRS patients with asthma. Future studies with higher 
methodological quality and more comprehensive parame-
ters could improve the level of evidence and better quantify 
effects of ESS on pulmonary function tests in CRS patients 
with asthma.

Conclusion

A generally low-quality evidence supports the association 
between ESS and improvements in FEF25–75%, FEV1 and 
PEF. A few studies met the inclusion criteria for the meta-
analysis, which indicates the need for more high-quality 
studies to determine the effect of ESS on pulmonary func-
tion in CRS patients with asthma.
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