
SYSTEMATIC REVIEW

Is postoperative nasal packing after septoplasty safe? 
A systematic review and meta-analysis of randomized 
controlled studies*

Abstract
Objectives: To systemically review and compare post-septoplasty complications between total nasal packing and other techni-

ques.

Methodology: We searched electronic databases (PubMed, Scopus, and Cochrane Library) and additional sources. The most 

recent search was on November 30th, 2020. Randomized controlled trials (RCTs) comparing adverse events after post-septoplasty 

nasal packing versus other techniques were included. The outcomes were adverse events, including respiratory distress, oxygen 

desaturation, pain severity, bleeding, hematoma, sleep disturbance, infection, crusting, epiphora, dysphagia, perforation, adhe-

sion, and residual septal deviation.

Results: There were 47 studies (4,087 participants) in this systematic review. Nasal packing was more likely to cause adverse 

events than other techniques. There were significant increases in respiratory distress, pain, sleep disturbance, crusting, epiphora, 

dysphagia, and adhesion. There were no statistically significant differences in oxygen desaturation, bleeding, hematoma, infec-

tion, perforation, and residual septal deviation. Subgroup analysis found that trans-septal suture was less likely to cause post-

operative complications compared with total nasal packing.

Conclusion: Nasal packing after septoplasty was more likely to cause adverse events, including respiratory distress, pain, sleep 

disturbance, crusting, epiphora, dysphagia, and adhesion. Furthermore, there were no benefits of nasal packing in preventing 

bleeding, hematoma, and residual septal deviation when compared with other techniques. Routine nasal packing after septo-

plasty should be avoided. Trans-septal suture should be considered instead.
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Introduction
Septoplasty is a common procedure for treating nasal obstruc-

tion caused by nasal septal deviation. Traditionally, bilateral 

anterior nasal packing is performed following septoplasty to 

prevent bleeding, septal hematoma, and adhesion between 

the septum and lateral nasal wall. Furthermore, it is thought to 

reduce the risk of residual septal deviation by stabilizing the 

remaining septum during the healing process(1). However, totally 

occlusive nasal packing has a tendency to cause adverse events, 

including respiratory distress, pain, infection, sleep disturbance, 

crusting, epiphora, and dysphagia. The routine nasal packing 

after septoplasty has been questioned in the past decades.

Many post-operative techniques have been introduced as 

alternatives to the nasal packing, such as trans-septal suturing, 

nasal splinting, trans-septal stapling, and inter-septal fibrin glue, 

etc. Trans-septal suture technique has been promoted since the 

1980s and currently is the most widely used. This procedure is 

used to prevent the formation of septal hematoma, close the 

tear mucosa, and support the remaining cartilage(2). However, 

tight trans-septal sutures can increase the risk of septal perfo-
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ration(1). Intranasal septal splints are also used as an alternative 

to nasal packing to decrease bleeding, prevent adhesion, and 

stabilize the remaining septum(3). 

Previous meta-analyses compared the risks of post-septoplasty 

complications between nasal packing and trans-septal suture. 

There were no significant differences in the risks of bleeding, 

hematoma, perforation, and residual septal deviation(4-7), while 

the risks of adhesion, and infection were inconclusive(4-7). Trans-

septal suture significantly decreased postoperative pain com-

pared to the nasal packing(5-7). Nasal splinting was also analyzed 

in 2 meta-analyses which included both trans-septal suture and 

nasal splinting in the non-packing intervention. However, the 

subgroup analysis of nasal splinting was not done(4,6). A meta-

analysis by Banglawala et al., which included 2 randomized 

controlled trials (RCTs) and 12 observational studies found that 

post-septoplasty nasal packing did not seem to cause adverse 

cardiopulmonary changes(8). 

There are many RCTs that have not been included in the pre-

vious meta-analyses. In addition, many adverse events caused 

by post-septoplasty nasal packing have not been analyzed, 

especially respiratory distress, which could cause a serious 

morbidity and prolong hospitalization. This meta-analysis aimed 

to systemically review and compare post-operative complicati-

ons between the post-septoplasty total nasal packing and other 

techniques.

Materials and methods
Information sources and search strategy

Three authors (CKT, NC, and BC) independently conducted 

searches for published, unpublished, and ongoing RCTs from 

electronic databases, via PubMed, Scopus, and the Cochrane 

library. The search began on November 15th, and the most re-

cent search was on November 30th, 2020. The search terms were 

“(septoplasty OR (nasal septum surgery)) AND ((nasal packing) 

OR (trans-septal suture) OR (nasal splint)).” We manually sear-

ched other sources from the Chulalongkorn Medical Library and 

those existing primary researches in previous meta-analyses.

Study selection

The inclusion criteria were RCTs relating to: 1) patients in all age 

groups who underwent septoplasty with or without turbino-

plasty, 2) comparisons between post-operative nasal packing 

and other techniques, 3) at least one of the following post-ope-

rative outcome measures: respiratory distress, oxygen desatu-

ration, pain severity, bleeding, hematoma, sleep disturbance, 

infection, crusting, epiphora, dysphagia, perforation, adhesion, 

and residual septal deviation, and 4) published in any language. 

Articles with the following exclusion criteria were eliminated if: 

1) the patients underwent additional nasal surgery other than 

septoplasty and turbinoplasty 2) the reported data were incor-

rect or incomplete that could not provide outcome measures, 

and 3) repeated published literature.

Three authors (CKT, NC, and BC) independently reviewed titles 

and abstracts of the articles and selected the articles that met 

the selection criteria. Full-text of the selected articles were 

reviewed. The articles in other languages were translated. If 

there was any insufficient data, the corresponding author of that 

article was contacted for further information. Discrepancies were 

resolved by discussion among the authors or the decision of the 

fourth author (PH).

Quality assessment

Three authors (CKT, NC, and BC) independently evaluated qua-

lity of the included studies by assessing the risks of bias in accor-

dance with the Cochrane Handbook for Systematic Reviews of 

Interventions Version 6.1. Risk of bias in each study was assessed 

in the following domains: selection bias, performance bias, 

detection bias, attrition bias, and reporting bias. Each domain 

was classified as low risk, high risk, or unclear risk. Low risk or 

high risk of bias was determined if the described methods met 

the criteria of low risk of bias or high risk of bias of that domain, 

respectively. Unclear risk of bias was selected when there was 

either a lack of information or uncertainty over the potential for 

bias. Discrepancies were resolved by discussion or through a 

fourth investigator (PH).

Data extraction

Two authors (CKT and NC) independently extracted and recor-

ded the data. The extracted data were age of the patient, type 

of anesthesia, nasal packing materials, nasal packing duration, 

other techniques, follow-up time, and adverse events as follows: 

respiratory distress, oxygen saturation, pain severity score, blee-

ding, hematoma, sleep disturbance events, sleep disturbance 

score, infection, crusting, epiphora, dysphagia, perforation, 

adhesion, and residual septal deviation.

Statistical analysis

Data were pooled for meta-analysis. Subgroup analyses by 

alternative technique were performed. Odds ratio (OR) and 95% 

confidence interval (CI) were used for dichotomous data. Conti-

nuous data were presented as mean difference (MD) or standar-

dized mean difference (SMD), standard deviation (SD) and 95% 

CI. The standard error, median, range, or 95% CI was imputed 

if the SD was not reported. Discrepancies in treatment effects 

among different trials were assessed using a heterogeneity (I2) 

statistic. An I2 of <40%, 40-60% and >60% represented low, 

moderate and substantial heterogeneity, respectively. When a 

heterogeneity was low, a fixed-effect model was used. A random 

effects model was used if a heterogeneity was high for a more 

conservative estimate of the differences. All statistical assess-

ments were conducted using the Review Manager 5.4 software. 

Sensitivity analyses were performed based the following: high 
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Figure 2. Quality assessment summary for included studies: risk of bias 

graph.

Figure 1. PRISMA flow diagram of study searching strategy 

methodological quality study, exclusion of studies that caused 

heterogeneity, and exclusion of studies with different pain score 

systems.

 

Results
Study selection

A total of 450 references were retrieved. After the titles and 

abstracts were reviewed, 385 studies were excluded from the 

study. Full-text of the remaining 65 RCTs were reviewed, 47 of 

which met the selection criteria and were included in this meta-

analysis (Figure 1). Figure 3. Methodology quality assessment for each included study.
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Quality assessment

Quality of the included studies was evaluated and presented in 

Figure 2 and Figure 3. About 30% of the included studies had 

low risk of randomization and 25% had adequate concealment 

of allocations. Most of the studies had unclear risk of selection 

bias because the randomization and concealment of allocati-

ons were not mentioned in the methods. Seventy-five percent 

of the studies had high risk of performance bias due to lack of 

blinding of the participants which may influence the subjective 

outcomes such as sleep disturbance and pain severity. Most 

studies had no detection bias because the outcome measure-

ments were not influenced by lack of blinding of the outcome 

assessors. Thirteen percent of the included studies had high risk 

of attrition bias due to a large proportion of drop-out partici-

pants without explanation. Two studies did not mention the 

missing data. Twenty-five percent of the included studies had 

reporting bias. Eight studies did not report complete statistical 

data of pain score. Three studies did not report numeric data of 

complication events, which were sleep disturbance, hematoma, 

and crusting. Six studies had “other bias” because these studies 

did not use visual analog scale (VAS) 0-10 for pain severity 

measurement.

Characteristics of the included studies 

Forty-seven studies (4,087 participants) were included in this 

meta-analysis (9-55). There were comparisons of nasal packing 

versus: trans-septal suture (28 studies), trans-septal suture with 

nasal splint (4 studies), nasal airway integrated packing (6 stu-

dies), nasal septum retaining devices (nasal clip in one study and 

invented nasal retaining device in one study), and inter-septal 

fibrin glue (1 study).The combination of nasal packing and trans-

septal suture was compared with trans-septal suture (2 studies) 

and the combination of nasal packing and nasal splint was 

compared with nasal splint (1 study). There were 3-arm interven-

tion studies that compared nasal packing versus: 1) trans-septal 

suture (the second arm) and the combination of nasal packing 

and trans-septal suture (the third arm,1 study), 2) trans-septal 

suture (the second arm) and nasal airway integrated packing 

(the third arm,1 study), 3) nasal splint (the second arm) and 

nasal airway integrated packing (the third arm, 1 study). Forty 

studies were published in English and 7 studies were published 

in other languages which were Chinese, and Turkish. Forty-five 

studies were conducted in adult and 2 studies did not mention 

the age of participants. Characteristics of the included studies 

are shown in Table 1.

Effects of interventions

A summary of post-operative complications of nasal packing 

compared with other techniques is presented in Table 2.

Respiratory distress

Six studies (596 participants) were included in this analysis. The 

total nasal packing significantly increased the odds of respira-

tory distress events compared to other procedures (OR 18.18; 

Figure 4. Respiratory distress, odds ratio (OR), Total nasal packing versus other techniques: random-effect model.
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95% CI 8.21–40.27; p < 0.001). The heterogeneity was moderate 

(I2 = 49%; p= 0.08). The results are shown in Table 2 and Figure 4. 

The definition of respiratory distress was different among these 

six studies. A summary of respiratory distress definition among 

the included studies is presented in Table 3.

Oxygen desaturation

Six studies (319 participants) were included in this analysis. 

There was no statistically significant difference between the 

total nasal packing and other procedures (MD -2.01; 95% CI 

-4.03 to 0.01; p= 0.05). The heterogeneity was high (I2 = 98%; p 

< 0.001). The forest plot is shown in the electronic supplement 

(e-Figure 1).

Pain 

Twenty-one studies (1,488 participants) were included in this 

analysis. The pain in the total nasal packing group was signifi-

cantly worse than other procedures (SMD 1.79; 95% CI 1.31-2.28; 

Figure 5. Pain score, Standardized mean difference (SMD), Total nasal packing versus other techniques: random-effect model.Corre
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Table 1 continued.

p < 0.001). The heterogeneity was high (I2 = 94%; p <0.001). The 

result is shown in Figure 5. 

Bleeding

Twenty-eight studies (2,941 participants) were included in this 

analysis. There was no statistically significant difference between 

the total nasal packing and other procedures (OR 1.23; 95% CI 

0.76–1.99; p= 0.40). The heterogeneity was moderate (I2 = 54%; 

P< 0.001). The forest plot is shown in the electronic supplement 

(e-Figure 2).

Hematoma

Thirty-two studies (3,355 participants) were included in this 

analysis. There was no statistically significant difference between 

the total nasal packing and other procedures (OR 2.12; 95% CI 

0.73–6.12; P = 0.17). The heterogeneity was moderate (I2 = 46%; 

P = 0.04). The forest plot is shown in the electronic supplement 

(e-Figure 3).

Sleep disturbance

Seven studies (501 participants) were included in this analysis. 

The total nasal packing significantly increased the odds of sleep 

disturbance events compared to other procedures (OR 11.92; 

95% CI 4.95–28.66; P < 0.001). The heterogeneity was high (I2 = 

71%; P = 0.002). The forest plot is shown in the electronic sup-

plement (e-Figure 4).

Infection 

Nineteen studies (1,531 participants) were included in this 

analysis. There was no statistically significant difference between 

the total nasal packing and other procedures (OR 2.21; 95% 

CI 0.84-5.78; P = 0.11). The heterogeneity was low (I2 = 0%; P 

=0.57). The forest plot is shown in the electronic supplement 

(e-Figure 5).

Crusting 

Eleven studies (947 participants) were included in this analy-

sis. The total nasal packing significantly increased the odds of 

crusting events compared to other procedures (OR 4.26; 95% CI 

1.70-10.69; P = 0.002). The heterogeneity was high (I2 = 70%; P 

<0.001). The forest plot is shown in the electronic supplement 

(e-Figure 6).
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Epiphora

Nine studies (657 participants) were included in this analysis. 

The total nasal packing significantly increased the odds of epip-

hora events compared to other procedures (OR 65.91; 95% CI 

12.87-337.42; P <0.001). The heterogeneity was high (I2 = 81%; 

P <0.001). The forest plot is shown in the electronic supplement 

(e-Figure 7).

Dysphagia 

Six studies (452 participants) were included in this analysis. The 

total nasal packing significantly increased the odds of dyspha-

Table 2. A summary of post-operative complications of the total nasal packing, comparing to other alternatives techniques.

Outcome Studies Participants Statistical 
methods

Effect 95%CI p-value I2 
(p-value)

1 Respiratory distress 6 596 OR (RE) 18.18 8.21, 40.27 <0.001 49% (0.008)

2 Oxygen saturation 6 319 MD (RE) -2.01 -4.03, 0.01 0.05 98% (<0.001)

3 pain severity 21 1,488 SMD (RE) 1.79 1.31, 2.28 <0.001 94% (<0.001)

4 Bleeding 28 2,941 OR (RE) 1.23 0.76, 1.99 0.40 54% (0.001)

5 Hematoma 32 3,355 OR (RE) 2.12 0.73, 6.12 0.17 46% (0.04)

6 Sleep disturbance 7 501 OR (RE) 11.92 4.95, 28.66 <0.001 71% (0.002)

7 Infection 19 1,513 OR (FE) 2.21 0.84, 5.78 0.11 0% (0.57)

8 Crusting 11 937 OR (RE) 4.26 1.70, 10.69 0.002 70% (<0.001)

9 Epiphora 9 657 OR (RE) 65.91 12.87, 337.42 <0.001 81% (<0.001)

10 Dysphagia 6 452 OR (RE) 59.78 5.52, 647.53 <0.001 91% (<0.001)

11 Perforation 21 2,394 OR (FE) 1.67 0.87, 3.19 0.12 0% (0.99)

12 Adhesion 32 3,003 OR (FE) 2.40 1.64, 3.51 <0.001 0% (0.65)

13 residual DNS 13 1,118 OR (FE) 0.93 0.59, 1.49 0.78 26% (0.22)

OR; Odd ratio, MD; Mean difference, SMD; Standardized mean difference, RE; Random effect model, FE; Fixed effect model DNS; deviation of nasal 

septum.

 Table 3. A summary of respiratory distress definition among the included studies.

Study (author, year, 
reference number)

Respiratory distress definition

Gunaydin 2011(25) Extubation difficulty score > 1.
Extubation was scored, based on the amount of secretion, the occurrence of laryngospasm, the need for oropharyngeal 
airway usage, and the effort of nasal breathing by an anesthesiologist.
The score was in 0-4 scale: 0 easiest, 1 easy, 2 moderately difficult, 3 difficult, 4 most difficult. 

Cayonu 2014(17) Respiratory events related to anesthesia in the operating theatre, defined as any unanticipated 
•	 hypoxemia (hemoglobin oxygen saturation <90%)
•	 hypoventilation (respiratory rate <8 breaths/min or arterial carbon dioxide tension >50 mmHg)
•	 upper airway obstruction (stridor or laryngospasm) requiring an active and specific intervention (ventilation, 

tracheal intubation, opioid or muscle relaxant antagonism, insertion of oral/nasal airway or airway manipulation)

Ozbalkoc 2016(54) Anesthesia related parameters: Difficulty at extubation. Of note, this study also recorded other anesthesia related 
parameters which were not included in the forest plot (presence of laryngospasm after surgery, need for oropharyngeal 
airway, effort for nasal respiration)

Dadgarnia 2017(11) Presence of dyspnea symptoms in the first 48 hours after surgery, complaint by the patient

Faroog 2016(45) Presence of difficult recovery from general anesthesia, including unsmooth or late recovery considered by doctors

Vulsvamy 2012(52) Average oxygen saturation <95% from the 6-hour record of post-operative continuous oxygen saturation (SpO2) moni-
toring, every 30 minutes.

gia events compared to other procedures (OR 59.78; 95% CI 

5.52-647.53; P <0.001). The heterogeneity was high (I2 = 91%; P 

<0.001). The forest plot is shown in the electronic supplement 

(e-Figure 8).

Perforation 

Twenty-one studies (2,394 participants) were included in this 

analysis. There was no statistically significant difference between 

the total nasal packing and other procedures (OR 1.67; 95% 

CI 0.87-3.19; P = 0.12). The heterogeneity was low (I2 = 0%; P 

= 0.99). The forest plot is shown in the electronic supplement 
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(e-Figure 9).

Adhesion

Thirty-two studies (3,003 participants) were included in this 

analysis. The total nasal packing significantly increased the odds 

of adhesion events compared to other procedures (OR 2.40; 95% 

CI 1.64–3.51; P <0.001). The heterogeneity was low (I2 = 0%; P = 

0.65). The result is shown in Figure 6.

Residual deviation of the nasal septum

Thirty studies (1,118 participants) were included in this ana-

lysis There was no statistically significant difference between 

the total nasal packing and other procedures (OR 0.93; 95% CI 

0.59–1.49; P = 0.78). The heterogeneity was low (I2 = 26%; P = 

0.22) The forest plot is shown in the electronic supplement (e-

Figure 10).

Subgroup analysis by the techniques

Total nasal packing versus trans-septal suture

There were 30 studies comparing postoperative complications 

between total nasal packing and trans-septal suture. The results 

favored the trans-septal suture over the nasal packing, for 

decreasing respiratory distress, pain, sleep disturbance, crusting, 

epiphora, dysphagia, and adhesion. There were no significant 

differences in oxygen saturation, bleeding, hematoma, infection, 

perforation, and residual deviation of the nasal septum. A sum-

mary of postoperative complications between nasal packing 

and trans-septal suture is presented in the electronic supple-

ment (e-Table 1). 

Combination of nasal packing and trans-septal suture versus trans-

septal suture alone

There were 3 studies comparing the nasal packing and trans-

septal suture combination versus trans-septal suture alone. The 

sleep disturbance, epiphora, and dysphagia were significantly 

higher in the combination technique. There were no significant 

differences in pain severity, infection, bleeding, and hematoma. 

Other outcomes could not be analyzed due to insufficient num-

ber of studies.

Total nasal packing versus trans-septal suture with nasal splint 

There were 5 studies comparing total nasal packing versus 

trans-septal suture with splint. The crusting was worsened in the 

total nasal packing. There were no significant differences in pain 

severity, bleeding, hematoma, perforation, and adhesion. Other 

outcomes could not be analyzed due to insufficient number of 

studies.

Total nasal packing versus nasal airway integrated packing

There were 8 studies comparing total nasal packing versus nasal 

airway integrated packing. However, there was only 1 study 

for each of the following outcomes that statistically favored 

the nasal airway integrated packing: respiratory distress, sleep 

disturbance, and epiphora. There were no statistical differences 

in oxygen saturation, pain severity, infection, dysphagia, perfo-

ration, bleeding, hematoma, and adhesion. None of the studies 

compared the residual deviated nasal septum.

Combination of nasal packing and nasal splint, nasal retaining 

devices, and fibrin glue

There was an insufficient number of the studies for each analy-

sis.

Sensitivity analysis

We performed a sensitivity analysis based on methodological 

characteristics. The analysis of high-quality studies showed a 

consistency of results in most of the outcomes. The number 

of high-quality studies in crusting were too few to perform a 

sensitivity analysis. Some outcomes of the meta-analysis had 

significant heterogeneities. Therefore, a sensitivity analysis of 

these outcomes was performed by excluding the studies that 

contributed the most to the I2. The sensitivity analyses after 

excluding the outliers showed consistent results. 

Different types of pain score were used among the studies to 

assess the pain severity outcome. The most frequently used was 

visual analog scale (VAS), the score ranged from 0 to 10. The sen-

sitivity analysis was performed in the studies that used the VAS 

0–10. We found that the mean difference of VAS in nasal packing 

group was higher than other techniques by 3 points. Results are 

shown in the electronic supplement (e-Figure 11).

Publication bias

The funnel plots of most outcomes revealed that the distribu-

tion of the studies was reasonably symmetrical which suggested 

no evidence of publication bias. However, the funnel plots of 

epiphora and dysphagia events revealed asymmetrical distribu-

tion which suggested the publication bias. The funnel plots are 

shown in the electronic supplement (e-Figure 12).

Discussion
The results of this meta-analysis demonstrated that nasal pac-

king after septoplasty was more likely to cause adverse events, 

including respiratory distress, pain, sleep disturbance, crusting, 

epiphora, dysphagia, and adhesion. Nasal packing did not show 

benefits in preventing bleeding, hematoma, and residual nasal 

septum deviation when compared with other techniques. 

Subgroup analyses results favored the trans-septal suture over 

the nasal packing, for decreasing respiratory distress, pain, sleep 

disturbance, crusting, epiphora, dysphagia, and adhesion. There 

were no significant differences in oxygen desaturation, infec-

tion, septal perforation, bleeding, hematoma, and residual nasal 

septum deviation. Adding nasal packing to trans-septal suture 
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increased sleep disturbance, epiphora, and dysphagia but did 

not decrease bleeding and hematoma. Trans-septal suture with 

splint had benefit over nasal packing only in decreasing the 

crust but no significant differences in other outcomes. There 

were insufficient randomized control studies of other tech-

niques, including the nasal airway integrated packing, nasal 

retaining devices, and fibrin glue, for the subgroup analyses. 

In-line with the previous meta-analyses(4-7), the results of this 

study did not find any significant differences between the 

nasal packing and trans-septal suture in bleeding, hematoma, 

perforation, and residual septal deviation. Our study also found 

that the trans-septal suture had a significant advantage over the 

nasal packing in decreasing post-operative pain. The analysis of 

adhesion outcome is consistent with the previous meta-analyses 

by Kim et al. and Wang et al.(6,7), which concluded that the nasal 

packing had a higher adhesion rate than trans-septal suture. Ho-

wever, the other meta-analyses by Banglawala (2013) et al. and 

Certal et al.(4,5) did not find a significant difference in adhesion 

rate. There was no difference in infection rate which is consistent 

with the previous meta-analyses(5-7). A meta-analysis performed 

by Banglawala (2014) et al.(8) did not find significant oxygen 

desaturation caused by nasal packing, which is consistent with 

our study. However, we found that nasal packing caused respira-

tory distress which is more important than desaturation due to 

the possibility of causing serious consequences.

The safety of nasal packing after septoplasty should be strongly 

considered because this meta-analysis showed both statistically 

and clinically significant increases in adverse events (respiratory 

distress, sleep disturbance, crusting, epiphora, dysphagia, and 

adhesion) when compare to other techniques. In addition, the 

sensitivity analysis of pain score showed an increase in VAS by 

3 out of the 10-point pain score. Furthermore, it did not have 

advantages over other techniques in the prevention of blee-

ding, hematoma, and residual septal deviation. As for clinical 

implications, this meta-analysis suggested that routine nasal 

packing after septoplasty should be avoided since it could cause 

adverse events, especially respiratory distress. The technique 

with sufficient evidence that can be used as an alternative to the 

nasal packing is trans-septal suture. Future research with well-

designed RCTs, comparing other techniques to the trans-septal 

suture should be performed.

This is the first meta-analysis that assessed respiratory distress, 

sleep disturbance, crusting, epiphora, and dysphagia in addition 

to other outcomes. The alternative techniques other than trans-

septal suture were also included in this meta-analysis. Moreover, 

our analysis also included the primary studies that were not 

published in English. The limitations of our study included the 

measurements of the primary outcome that were different 

among the studies; for example, the definition of respiratory 

distress event was different in each included study and most of 

them were subjective outcomes reported by either anesthesio-

logists or patients. Nevertheless, we thought that those events 

could be pooled as the respiratory distress event, because they 

were all unwanted adverse outcomes that could cause serious 

consequences. The low quality of the included studies was ano-

ther limitation, such as the studies with no explanations about 

the randomization and allocation concealment. Most of the 

included studies had high risk of performance bias. The post-

operative procedure could not be blinded; therefore, we had to 

be cautious since it could influence the subjective outcomes. In 

addition, the funnel plots showed publication bias in epiphora 

and dysphagia. The high heterogeneity of the included studies 

was due to the data being pooled from studies with different 

surgical techniques, anesthetic techniques and outcome measu-

rement tools. We accepted the inherent heterogeneity and used 

a random-effects model for analysis and performed a sensitivity 

analysis by excluding the outliers that caused the most hetero-

geneity. The sensitivity analysis showed a consistency of results. 

Further well-designed research should be performed regarding 

these limitations.
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E-figure 1. Oxygen saturation, mean difference (MD), Total nasal packing versus other techniques: random-effect model. 
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E-figure 2. Bleeding, odds ratio (OR), Total nasal packing versus other techniques: random-effect model.
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E-figure 3. Hematoma, odds ratio (OR), Total nasal packing versus other techniques: random-effect model.
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E-figure 4. Sleep disturbance, odds ratio (OR), Total nasal packing versus other techniques: random-effect model.
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E-figure 5. Infection, odds ratio (OR), Total nasal packing versus other techniques: fixed-effect model.
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E-figure 6. Crusting, odds ratio (OR), Total nasal packing versus other techniques: random-effect model.
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E-figure 7. Epiphora, odds ratio (OR), Total nasal packing versus other techniques: random-effect model.
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E-figure 8. Dysphagia, odds ratio (OR), Total nasal packing versus other techniques: random-effect model.
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E-figure 9. Perforation, odds ratio (OR), Total nasal packing versus other techniques: fixed-effect model.
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E-figure 10. Residual septal deviation, odds ratio (OR), Total nasal packing versus other techniques: fixed-effect model.
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E-figure 11. Pain severity VAS 0-10, mean difference (MD) Total nasal packing versus other techniques: random-effect model.
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E-figure 12. Funnel plots: all outcomes.
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