Impact of long-term nasal airflow deprivation on sinonasal structures and chronic rhinosinusitis
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Keypoints

· Total laryngectomy (TL) patients serve as a good model to evaluate the effects of nasal airflow cessation on the sinonasal tract. 

· Changes in sinonasal structures and association with chronic rhinosinusitis (CRS) in the computed tomography (CT) images of three-year post-TL patients were retrospectively reviewed.

· The volume of each four paranasal sinuses and the width of maxillary sinus natural ostium did not significantly change following 3-years TL in the CT image. 
· The inferior turbinate mucosal volume decreased significantly, from 4.6±1.3ml to 2.8±1.1ml (p<0.001), in the TL group, whereas the control group showed no significant changes.
· The nasal airflow cessation following TL did not have an impact on the degree of sinus opacification. 
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INTRODUCTION 

Total laryngectomy (TL) patients serve as a good model for evaluating the impact of nasal airflow deprivation, and many previous studies have used TL patients as models to study the effects of nasal airflow cessation. However, previous literatures focused only on changes in histology, cytology, or ciliary function of the nasal mucosa
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1-3
. These publications did not reach consensus in terms of whether atrophy or hypertrophic changes occur in the nasal mucosa following TL. 

None of the previous studies were conducted in TL patients with a minimal follow-up period of 3 years post-TL, meaning that we lack evidence regarding long-term (>3 years) outcomes. Also, to the best of our knowledge, no previous studies of TL patients reported changes in paranasal sinus volume following TL. Therefore, the aim of this study was to analyze changes in the inferior turbinate mucosal volume (ITMV), paranasal sinus volume, and their association with CRS in TL patients with a minimum follow-up period of 3 years. 

MATERIALS AND METHODS

This study was approved by the institutional review board of the corresponding author’s medical center (investigation no. 2021-0958).

Study Subjects

A flow chart showing recruitment of the study subjects is shown in supplementary Figure 1. Patients who underwent TL in the department of otorhinolaryngology at the authors’ clinical practice from 2005 to 2017 were reviewed retrospectively. Patients with a final follow-up computed tomography (CT) image taken less than 3 years after TL were excluded from the study. Patients who received tracheoesophageal punctures, a history of previous sinonasal surgery, or a CT image which the paranasal sinus were not involved were also excluded from the study. Finally, 45 patients were included in the ‘TL’ group.

To determine the impact of nasal airflow discontinuation on sinonasal structures, a control group comprised patients who underwent partial laryngectomy or partial hypopharyngectomy. Finally, 38 patients were selected for the control group. 

CT Image Analysis

A contrast-enhanced CT scan of the head and neck area was performed for all patients using the same protocol. The volume of the four paranasal sinuses (maxillary, ethmoid, frontal, and sphenoid) were measured. The inner mucosal lining of each paranasal sinus was traced, and the surface of the traced region was measured on the axial CT cut (Figure 1, A). Afterwards, the volume of each paranasal sinus was calculated using the planimetry method and in parallel with previously published methods4. The ITMV was measured in a manner similar to that used for measuring paranasal sinus volume. On the coronal CT image, the outer lining of the inferior turbinate (IT) mucosa and submucosa was traced, while the bony portion of the IT was excluded, followed by volume calculation (Figure 1, B). To measure the width of the maxillary sinus natural ostium (MSNO) mucosa, the MSNO was identified on the coronal CT image and the width of the mucosa was measured (Figure 1, C). The Lund-Mackay score (LMS)5 was used to evaluate the severity of CRS.
Statistical Analysis

A t-test, Chi-square test, Fisher’s exact test, and paired t-test was used to evaluate the statistical significance of differences between preoperative and postoperative values. All statistical analyses were performed using SPSS ver. 22 (IBM Corp., Armonk, NY, USA). 

RESULTS 

There were no significant differences in clinical features between the TL and control groups (Supplementary Table 1). The TL group contained only one (2.2%) female patient, whereas the control group were all male. The mean duration of the time interval between surgery and the final follow-up CT scan was 6.3 ± 2.4 years for the TL group and 5.5 ± 2.3 years for the control group; the difference was not significant. 

The volume of all four paranasal sinuses and MSNO mucosal width on postoperative CT images of the TL and control group did not change significantly over the follow-up period (Table 1). However, the ITMV post-TL fell significantly from 4.6 ± 1.3 ml to 2.8 ± 1.1 ml (p<0.001). There were no significant changes in the ITMV in the control group. The chorological changes in the ITMV were illustrated in Figure 2. 

The mean preoperative LMS of the TL and control groups was 0.6 ± 1.2 and 0.9 ± 1.9, respectively; the difference was not significant (Table 2). For both the TL and control groups, no significant changes in the LMS were noted following surgery (Supplementary Figure 2). 

During the postoperative period, no patient in the TL or control group developed symptomatic CRS, nor underwent functional sinus surgery. Worsening or alleviation of CRS was noted in some patients in both TL and control groups, suggesting that sinus opacification or resolution occurred regardless of nasal airflow cessation (Supplementary Figure 2). 

Overall, our results show a significant reduction in the ITMV on postoperative CT over 3+ years (Supplementary Figure 3), whereas there were no significant changes in the volume of any of the four paranasal sinuses or in the MSNO mucosal width following TL. 
DISCUSSION 

Here, we examined changes in the paranasal sinuses and sinonasal structures in 45 patients at a minimum of 3 years following TL (the mean follow-up period was 6 years). There were no significant changes in the volume of the four paranasal sinuses, MSNO mucosal width, or LMS following TL. The number of patients with aggravated or improved CRS was no different from that in the control group in which the nasal airway was preserved. There was a significant increase in ITMV in the first 6 months post-TL, followed by a gradual decrease up to 3 years post-TL. The strength of this study is the long follow-up time following TL, during which we evaluated changes in the sinonasal structures; to the best of our knowledge, no other study has followed patients for so long. 

In the 1990s and 2000s, many scholars studied the effects of nasal airflow discontinuation in TL patients. However, previous studies using acoustic rhinometry reported only microscopic structural changes in the dimensions of the nasal cavity, or mucociliary clearance, following TL


1-3 ADDIN EN.CITE . Moreover, only two published studies (in 2018 and 2019) used surveillance CT scans to assess TL patients
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6,7
. Moreover, both focused only on changes in the severity of CRS, with a mean follow-up period of less than 3 years, and both lack information about the changes in sinonasal structures following TL. Our study not only reveals changes in the sinonasal structures following TL, but also reports changes in sinus opacity following TL, using a CT surveillance period much longer than that of previous studies. 

Previous studies in a surgically closed nostril rat model showed an increase in goblet cell and ciliated cell proliferation inside the obliterated nasal cavity8. The results of these previous studies suggest that the nasal mucosa is affected by direct exposure to the airflow; the effect of nasal airflow cessation is thought to occur in nasal mucosa located mainly on the inferior and anterior aspects of the nasal cavity, as suggested by Boyce and Eccles
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9
. Our study results go parallel with those of previous studies, as our data show changes in the ITMV, but not in paranasal sinus volume or MSNO mucosal width.

TL patients have abundant bacterial colonization without inflammatory cells
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. To the best of our knowledge, only three previous studies have examined CRS in TL patients
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6,7
. However, those studies lack a long-term follow-up after TL, and neither compared TL patients with a control group. Here, we included a control group with a disease burden and interventions similar to those of the TL group. The preoperative LMS of the TL and control group did not change significantly after TL, and there were no significant differences in the number of patients with an altered LMS. Moreover, we found that the LMS is not consistent over time post-TL, regardless of preoperative LMS. However, we cannot clearly define the changes in LMS over time following TL; therefore, we propose a further study to determine the factors related to aggravation and alleviation of CRS in TL patients. 

Despite the merits of the present study, there are some limitations due to its retrospective design. The severity of CRS was assessed only by calculating the LMS from CT images. Second, we measured the paranasal sinus volume by tracing the inner mucosal lining of each sinus. Third, we were not able to provide information about changes in the volume or thickness of the paranasal sinus mucosa following TL. Finally, the majority of patients in the TL and control groups were middle-aged male and had a tobacco smoking history of over 10 pack years, which might have affected the results. 

In conclusion, the paranasal sinus structures and CRS are not significantly affected, whereas the mucosa of the inferior turbinate is affected, by long-term cessation of nasal airflow after TL.
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Tables

Table 1. Changes in the paranasal sinus volume, maxillary sinus natural ostium mucosal width, and inferior turbinate mucosal volume following total laryngectomy

	
	Total laryngectomy group (N=45)
	Control group (N=38)

	
	Prior to

total laryngectomy
	> 3 years after

total laryngectomy
	P-value*
	Prior to

partial laryngectomy
	> 3 years after

partial laryngectomy
	P-value†

	Paranasal sinus volume (ml)*
	
	
	
	

	 Maxillary sinus
	16.1 ± 5.2
	16.1 ± 5.2
	0.692
	15.7 ± 4.7
	15.7 ± 4.3
	0.835

	 Ethmoid sinus
	6.9 ± 2.2
	7.2 ± 2.2
	0.248
	8.1 ± 2.7
	8.0 ± 2.7
	0.628

	 Frontal sinus
	2.7 ± 1.9
	2.8 ± 1.8
	0.237
	3.6 ± 2.0
	3.6 ± 2.0
	0.601

	 Sphenoid sinus
	3.9 ± 1.6
	3.9 ± 1.9
	0.863
	4.2 ± 1.7
	4.2 ± 1.7
	0.282

	Maxillary sinus natural ostium mucosal width (mm)*
	
	
	

	
	2.6 ± 1.2
	2.9 ± 1.4
	0.166
	2.2 ± 0.9
	2.2 ± 0.9
	0.409

	Inferior turbinate mucosa volume (ml)* 
	
	
	

	
	4.6 ± 1.3
	2.8 ± 1.1
	<0.001
	4.2 ± 1.7
	4.1 ± 1.6
	0.630


The mean of bilaterally measured value of each anthropometric value is shown. All values are represented as the mean ± SD.
* P-value calculated with paired t-test between the preoperative measurements and final CT image over 3-years following total laryngectomy.

† P-value calculated with paired t-test between the preoperative measurements and final CT image over 3-years following partial laryngectomy or partial hypopharyngectomy. 

Table 2. Changes in the paranasal sinus opacification following total laryngectomy using the Lund-Mackay score (LMS)

	
	Lund-Mackay score (mean ± SD)

	
	Prior to surgery
	> 3 years after surgery
	P-value†

	All patients
	
	
	

	Total laryngectomy group (N=45)
	0.6 ± 1.2 (0 - 5)
	0.7 ± 1.6 (0 – 7)
	0.947

	Control group (N=33)
	0.9 ± 1.9 (0 – 9)
	0.8 ± 1.7 (0 – 9)
	0.181

	P-value*
	0.533
	0.842
	

	Preoperative LMS > 0
	
	
	

	Total laryngectomy group (N=12)
	2.5 ± 1.1 (1 – 5)
	2.0 ± 1.9 (0 – 6)
	0.341

	Control group (N=11)
	3.3 ± 2.2 (1 – 9)
	2.5 ± 2.4 (0 – 9)
	0.125

	P-value*
	0.536
	0.918
	

	Preoperative LMS = 0
	
	
	

	Total laryngectomy group (N=33)
	0
	0.3 ± 1.2 (0 – 7)
	0.169

	Control group (N=27)
	0
	0.1 ± 0.3 (0 – 1)
	0.161

	P-value*
	-
	0.410
	


Values represented in Mean ± SD (Min – Max)
* P-value calculated with Chi-square test or Fisher’s exact test between the total laryngectomy group and control group. 

† P-value calculated with paired t-test of LMS between the preoperative measurements and the final CT image over 3-years following surgery. 
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Figure 1. Assessment of the Lund-Mackay Score (LMS), and measurement of paranasal sinus volume, inferior turbinate mucosal volume, and maxillary sinus natural ostium mucosal width. A) To measure the volume of the four paranasal sinuses (maxillary, ethmoid, frontal and sphenoid), the inner mucosal lining of each paranasal sinus was traced on the axial image, followed by measurement of the traced area. Next, the volume of each paranasal sinus was calculated using the planimetry method. B) The ITMV was measured in a manner similar to that used to measure paranasal sinus volume. On the coronal CT image, the outer lining of the IT mucosa and submucosa was traced (arrowhead), while the bony portion of the IT was excluded; the volume was then calculated. C) To measure MSNO mucosal width, the MSNO was identified on the coronal CT image and the mucosal width was measured (arrowhead). D) The paranasal sinus and ostiomeatal unit (OMU) on the computed tomography (CT) image was evaluated to assess the Lund-Mackay score (LMS). Each paranasal sinus and OMU was assessed bilaterally, with a score ranging from 0 to 2, making a total LMS of 0 to 24.
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Figure 2. Long-term serial changes in inferior turbinate mucosal volume (ITMV) following total laryngectomy (TL).  (A) Serial changes in the ITMV were assessed in the TL (left) and control (right) groups. A paired t-test was used to evaluate the significance of changes in the ITMV during each period post-TL. In the TL group, there was a significant increase in the ITMV at 6-months post-surgery (p<0.001). The 1-year ITMV was significantly lower than that at 6-months (p=0.011). The ITMV at 2-years and 3-years was significantly lower than the preoperative ITMV (p=0.006 and <0.001, respectively). The 3-year ITMV was significantly lower than the 2-year ITMV (p=0.040). However, there were no changes in the ITMV after 3 years post-TL. By contrast, the ITMV of the control group did not change significantly after partial laryngectomy. (B) Preoperative coronal CT images of a 59-year-old male patient (B, left), and follow-up images obtained at 8 years post-TL (B, right), show no signs of sinus pathology. However, the inferior turbinate mucosal volume (B,  arrows) is lower at 8 years post-TL. (C) Coronal and axial CT images of a 48-year-old male who underwent vertical partial laryngectomy. The 7-year follow-up CT scan shows no changes in the inferior turbinate mucosal volume (C, arrows).

Supplementary Materials

Supplementary table 1. Clinical and demographic characteristics of the study subjects

	
	Total laryngectomy group

(N=45)
	Control group

(N=38)
	

	
	Mean ± SD (Min–Max)
	P-value*

	Age (at the time of total or partial laryngectomy)
	61.6 ± 9.0 (44–77)
	63.2 ± 9.4 (34–84)
	0.520

	Time interval between the 

pre-operative CT image and laryngectomy (days)
	27.7 ± 14.9 (1–63)
	22.8 ± 13.9 (2–72)
	0.144

	Time interval between 

laryngectomy and the final post-operative CT image (years)
	6.3 ± 2.4 (3–11)
	5.5 ± 2.3 (3–10)
	0.404

	
	N (%)
	P-value†

	Sex (male/female)
	44/1 (97.8/2.2)
	38 / 0 (100/0)
	1.000

	History of tobacco smoking > 10 pack years
	40 (88.9)
	36 (94.7)
	0.449

	Primary site of the malignant tumor
	
	
	

	  Glottis/Hypopharynx
	38/7 (84.4/15.6)
	31 / 7 (81.6/18.4)
	0.121

	Presence of nasal septal deviation
	35 (70)
	28 (73.7)
	0.664

	Pre-operative Lund-Mackay score > 0
	12 (26.7)
	11 (28.9)
	0.643

	Pre-operative treatment modality
	
	
	

	  Radiation therapy
	10 (22.2)
	7 (18.4)
	0.483

	  Chemoradiation therapy
	5 (11.1)
	1 (2.6)
	0.212

	  Induction chemotherapy
	1 (2.2)
	0 (0)
	1.000

	Post-operative treatment modality
	
	
	

	  Adjuvant radiation therapy 
	13 (28.9)
	7 (18.4)
	0.267

	  Adjuvant chemoradiation therapy 
	5 (11.1)
	6 (15.8)
	0.531


*P-values calculated using a t-test (total laryngectomy vs. control group).

†P-value calculated using the chi-square test or Fisher’s exact test (laryngectomy group vs. control group).

Supplementary Figures

Supplementary figure 1. Flow chart showing recruitment of the study subjects and controls.
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The inclusion and exclusion criterion for the study and control groups are shown.

Supplementary figure 2.

Changes in the Lund-Mackay score (LMS) following total laryngectomy (TL) in patients with previous paranasal sinus pathology (LMS > 0).
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Temporal changes in the Lund-Mackay score (LMS) following total laryngectomy (TL) in 11 patients with a preoperative positive LMS. Notably, in patients with preoperative sinus pathology, there is no uniform pattern to the changes in the LMS during the follow-up period of more than 3 years.

Supplementary figure 3. Changes in sinus opacification on long-term follow-up CT images after total laryngectomy (TL). 
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A. An axial CT image of a 58-year-old male patient. Pre-existing right maxillary sinusitis (A, arrowhead) persists on the follow-up image taken 7 years after TL, with no changes in the degree of sinusitis. B. A coronal CT image of a 62-year-old male patient taken 8 years after TL. Previous sinusitis in the left frontoethmoidal sinus, with ostiomeatal unit obstruction (B, arrowhead), has resolved completely, as shown on the CT image taken 8 years after TL. C. A coronal CT image of a 55-year-old male patient after TL and total hypopharygectomy. The 10-year post-operative CT scan shows that the patient had developed pansinusitis in the right nasal cavity (C, arrowhead).


