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Abstract 

 

Background 

In patients with amyotrophic lateral sclerosis (ALS) receiving long-term tracheostomy invasive ventilation (TIV), peri-cuff air 

leakage may be related not only to insufficient cuff pressure but also to tracheal enlargement and cuff–trachea diameter 

mismatch. However, to our knowledge, no previous studies have compared computed tomography (CT)-derived tracheal 

dimensions, tracheostomy tube and cuff characteristics, and ventilator monitoring data between patients with and without peri-

cuff air leakage under long-term TIV management in ALS. 

Methods 

This was a single-center, retrospective, cross-sectional observational study. Patients with ALS who were receiving TIV at the 

study hospital in October 2020 and had undergone chest CT within the 3 months before patient selection were included. 

Patients were classified into the leak and non-leak groups according to the presence or absence of peri-cuff air leakage based 

on medical record entries during the period from 1 month before to 1 month after the index CT examination. Patient 

characteristics, tracheostomy tube and cuff characteristics, CT-derived tracheal dimensions, and ventilator monitoring data 

were compared between the groups. 

Results 

Twenty-six patients were included in the analysis: 10 in the leak group and 16 in the non-leak group. Patient characteristics did 

not differ significantly between the groups. Compared with the non-leak group, the leak group had higher cuff pressure, larger 

major and minor tracheal diameters, higher peak inspiratory pressure, a larger difference between major and minor tracheal 

diameters, lower dynamic compliance, and a smaller difference between cuff diameter and major tracheal diameter. The 

difference between cuff diameter and major tracheal diameter was −2.3 (−4.1 to −1.6) mm in the leak group and 1.8 (0.7 to 3.0) 

mm in the non-leak group (P < 0.001). The Hodges–Lehmann estimate of the between-group difference was −4.7 mm (95% CI, 

−7.4 to −3.2 mm). All patients in whom the cuff diameter was smaller than the major tracheal diameter were classified into the 

leak group. 

Conclusions 

In patients with ALS receiving long-term TIV, peri-cuff air leakage was associated with larger CT-derived tracheal dimensions 

and a smaller cuff diameter relative to the major tracheal diameter. These findings suggest that cuff–trachea diameter 

compatibility, in addition to cuff pressure, may be relevant when evaluating peri-cuff air leakage. However, the small sample 

size limited statistical precision and precluded multivariable adjustment; therefore, the findings should be interpreted as 

exploratory. 
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Introduction 

 

In amyotrophic lateral sclerosis (ALS), respiratory muscle 

strength declines as the disease progresses, and some patients 

require noninvasive ventilation or tracheostomy invasive 

ventilation (TIV).1,2 During TIV management, the cuff of the 

tracheostomy tube forms a seal within the trachea and plays 

an important role in maintaining tidal volume and airway 

pressure by reducing leakage of ventilator-delivered air 

around the cuff.3,4 This type of air leakage, referred to here as 

peri-cuff air leakage, is a clinically important problem in 

ventilatory management of patients receiving long-term TIV.4 

 

Peri-cuff air leakage may be managed by adjusting cuff 

pressure or adding injected air volume.4 However, excessive 

cuff pressure carries the risk of reduced tracheal mucosal 

blood flow and tracheal wall injury; therefore, relying solely 

on increasing cuff pressure has limitations.4–6 A study of adult 

patients with endotracheal intubation reported that the smaller 

the difference between cuff area and airway area, the higher 

the cuff pressure required to achieve adequate airway sealing. 

This finding indicates that not only cuff pressure but also size 

compatibility between the cuff and airway is important for 

airway sealing.7 

In patients with ALS, case reports have described tracheal 

enlargement at the cuff level and peri-cuff air leakage during 

TIV management. 8–10 These reports suggest that, in patients 

with ALS receiving long-term TIV, peri-cuff air leakage may 

be related not only to insufficient cuff pressure but also to 

tracheal enlargement at the cuff level and cuff–trachea 

diameter mismatch.    

However, previous reports have mainly consisted of case 

reports. To our knowledge, no studies in patients with ALS 

receiving long-term TIV have compared computed 

tomography (CT)-derived tracheal dimensions, tracheostomy 

tube and cuff characteristics, and ventilator monitoring data 

between those with and without peri-cuff air leakage. 

Therefore, this study aimed to classify patients with ALS 

receiving long-term TIV according to the presence or absence 

of peri-cuff air leakage and to identify the characteristics of 

the leak group by comparing CT-derived tracheal dimensions, 

tracheostomy tube and cuff characteristics, and ventilator 

monitoring data. 

 

Methods 

 

Study design and participants 

 

This was a single-center, retrospective, cross-sectional 

observational study. The source population comprised 

patients receiving TIV who were hospitalized at Sayama 

Neurological Hospital in October 2020. Long-term TIV was 

defined as ongoing chronic management via tracheostomy 

rather than temporary invasive ventilation in acute or 

perioperative care. Among these patients, those with ALS 

who met the Gold Coast criteria based on a review of medical 

records, for whom consent for study participation was 

obtained, and who had undergone chest CT within the 3 

months preceding patient selection in October 2020 were 

included. 11 The corresponding CT examination was defined 

as the index CT examination for this study. Patients with 

tracheomalacia or emphysema were excluded because these 

conditions may affect tracheal dimensions. 12,13 Patients with 

missing CT imaging data or clinical information required for 

analysis were also excluded. Patients included in the final 

analysis were classified into the leak and non-leak groups 

according to the presence or absence of peri-cuff air leakage 

during the period from 1 month before to 1 month after the 

index CT examination. 

 

Assessment of peri-cuff air leakage  

 

The presence or absence of peri-cuff air leakage was 

retrospectively determined from medical record entries by 

physicians, nurses, and physical therapists during the air-leak 

assessment period, defined as the period from 1 month before 

to 1 month after the index CT examination. At the study 

hospital, patients receiving TIV were routinely checked for air 

leakage from around the tracheostomy stoma or from the 

mouth, as well as leakage sounds on auscultation, as part of 

routine clinical care. Peri-cuff air leakage was considered to 

be present if any of these findings were documented in the 

medical records. For all patients, the physical therapist 

involved in their care was asked whether clinical findings 

suggestive of air leakage had been observed during the air-

leak assessment period. The consistency between the 

therapist’s report and the medical record entries was then 

checked. If there was a discrepancy between the therapist’s 

report and the medical record entries, the clinical findings 

during the air-leak assessment period were re-evaluated by the 

clinical team, including physicians and nurses, and the final 

determination was made.  

 

Clinical data and tracheostomy tube measurements 

 

The study variables included age, sex, duration of TIV use, 

communication impairment stage after TIV in ALS,14 height, 

weight, BMI, peri-cuff air-leak status, cuff pressure, 

tracheostomy tube type, cuff diameter, CT-derived tracheal 

dimensions, and ventilator monitoring data. Age, sex, 

duration of TIV use, communication impairment stage after 

TIV in ALS, height, weight, BMI, cuff pressure, tracheostomy 

tube type and size, and cuff management method were 

collected from the medical records. The cuff pressure value 

recorded or measured under routine management conditions 

at the time point closest to the index CT examination was 
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used. For patients whose cuff management was based on cuff 

pressure, the cuff pressure documented in the medical records 

was used. For patients whose cuff management was based on 

the volume of injected air, the usual air volume used for 

routine management was injected using a tracheal tube cuff 

inflator (Covidien Japan Inc., AG Cuffill, Tokyo, Japan) at the 

time point closest to the index CT examination. The cuff 

pressure displayed on the device was then used for analysis. 

Cuff diameter was not measured in vivo; instead, 

tracheostomy tube type and size were used to identify the 

nominal inflated cuff diameter reported by the manufacturer 

for each tracheostomy tube. 

 

Computed Tomography measurements  

 

CT images were not acquired specifically for this study; 

instead, chest CT images obtained for clinical indications 

were used. The CT examinations were performed while the 

patients were connected to a ventilator, with the arms 

positioned alongside the body. Given their markedly reduced 

respiratory muscle strength, no respiratory instructions 

regarding inspiration or expiration were given. The slice 

thickness was 5 mm. To evaluate the relationship between 

cuff diameter and major tracheal diameter, tracheal 

dimensions were measured on axial CT images at the level of 

the cuff. When multiple slices included the cuff level, the slice 

showing the largest major tracheal diameter was selected for 

analysis. The major tracheal diameter was defined as the 

longest inner wall-to-inner wall distance on the axial image, 

and the minor tracheal diameter was measured as the inner 

wall-to-inner wall distance passing through the midpoint of, 

and perpendicular to, the major diameter. The difference 

between the major and minor tracheal diameters and the 

major-to-minor tracheal diameter ratio were also calculated. 

The difference between cuff diameter and major tracheal 

diameter was calculated as cuff diameter minus the major 

tracheal diameter measured on CT images. A positive value 

indicated that the cuff diameter was larger than the major 

tracheal diameter, whereas a negative value indicated that the 

cuff diameter was smaller than the major tracheal diameter. 

All CT image measurements were performed by one physical 

therapist experienced in image measurements.Ventilator 

monitoring data  

 

Ventilator Monitoring Data 

 

Ventilator monitoring data, including tidal volume (TV), peak 

inspiratory pressure (PIP), and positive end-expiratory 

pressure (PEEP), were collected, and dynamic compliance 

(Cdyn) was calculated. TV was defined as the inspiratory tidal 

volume displayed on the ventilator monitor. The values used 

for analysis were those displayed on the ventilator monitor 

and recorded in the medical records under routine ventilatory 

management on the day of the index CT examination. When 

multiple values were available on the same day, the values 

recorded closest to the time of CT examination were used. 

Cdyn was calculated as TV/(PIP − PEEP) using TV, PIP, and 

PEEP values from the same time point. 15  

 

Statistical Analysis  

 

Continuous variables were presented as medians and 

interquartile ranges, and categorical variables were presented 

as counts. Comparisons between the leak and non-leak groups 

were performed using Fisher’s exact test or the Fisher–

Freeman–Halton exact test, as appropriate, for nominal 

categorical variables and the Mann–Whitney U test for 

continuous and ordinal variables. As an exploratory analysis, 

comparisons between male and female patients were 

performed using the same statistical methods to examine the 

potential influence of sex on computed tomography-derived 

tracheal dimensions, cuff-related variables, and ventilator 

monitoring data. For the difference between cuff diameter and 

major tracheal diameter, the Hodges–Lehmann estimator was 

used to estimate the between-group difference, defined as the 

leak group minus the non-leak group. The 95% confidence 

interval was estimated using the percentile bootstrap method 

with 10,000 resamples. Statistical analyses were performed 

using EZR version 1.61 and R version 4.4.2, and a two-sided 

P value < 0.05 was considered statistically significant.16 

 

Ethics  

 

This study was conducted in accordance with the Declaration 

of Helsinki and was approved by the Ethics Committee of 

Sayama Neurological Hospital (approval number: 2019-3) 

and the Ethics Committee of Osaka University (approval 

number: 21112-2). For study participation, the study was 

explained using written information sheets in accordance with 

procedures approved by the ethics committees. When the 

patient’s intention to consent could be confirmed, consent was 

obtained from the patient. When it was difficult to confirm the 

patient’s intention to consent, consent was obtained from a 

legal representative. Research data were collected and 

managed at Sayama Neurological Hospital, and anonymized 

data that did not contain personally identifiable information 

were used for analysis. 

 

Results 

 

Participant flow 

 

The patient selection process is shown in Figure 1. Among 

the 145 patients receiving TIV at the study hospital in 

October 2020, 56 patients with ALS who met the Gold Coast 

criteria based on medical record information and for whom 
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consent for study participation was obtained were considered 

eligible. Of these, 30 patients who met the exclusion criteria 

were excluded, and 26 patients were included in the final 

analysis. Ten patients had peri-cuff air leakage and were 

classified into the leak group, whereas 16 patients did not 

have peri-cuff air leakage and were classified into the non-

leak group. 

 

Patient characteristics 

 

Patient characteristics are shown in Table 1. There were no 

significant differences between the leak and non-leak groups 

in age, sex, duration of TIV use, communication impairment 

stage, height, weight, or BMI. 

 

Tracheostomy Tube and Cuff Characteristics  

 

Tracheostomy tube and cuff characteristics are shown in 

Table 2. There were no significant differences between the 

leak and non-leak groups in tracheostomy tube type or cuff 

diameter, whereas cuff pressure was significantly higher in 

the leak group. 

 

Computed Tomography-derived tracheal dimensions and 

ventilator monitoring data  

 

CT-derived tracheal dimensions and ventilator monitoring 

data are shown in Table 3. Compared with the non-leak 

group, the leak group had significantly larger major and 

minor tracheal diameters, higher PIP, and a larger difference 

between major and minor tracheal diameters. Cdyn and the 

difference between cuff diameter and major tracheal 

diameter were significantly lower in the leak group. For the  

difference between cuff diameter and major tracheal 

diameter, the Hodges–Lehmann estimate of the between-

group difference was −4.7 mm (95% CI, −7.4 to −3.2 mm). 

In contrast, there were no significant differences in tidal 

volume, PEEP, or the major-to-minor tracheal diameter ratio 

between the two groups. 

 

Scatter plot findings  

 

Figure 2 shows a scatter plot of major tracheal diameter and 

the difference between major and minor tracheal diameters. 

In Figure 2, all patients with a major tracheal diameter ≥30.0 

mm and all patients with a difference between major and 

minor tracheal diameters ≥6.0 mm were in the leak group. 

 

Figure 3 shows a scatter plot with major tracheal diameter 

on the x-axis and the difference between cuff diameter and 

major tracheal diameter on the y-axis. All patients with a 

difference between cuff diameter and major tracheal 

diameter < 0 mm were in the leak group. 

Exploratory analysis by sex  

 

Exploratory comparisons according to sex are presented in 

Tables 4 and 5. There was no significant association between 

sex and peri-cuff air-leak status. In contrast, height, weight, 

cuff pressure, cuff diameter, major tracheal diameter, minor 

tracheal diameter, and PIP were significantly higher in male 

patients than in female patients. 

 

 
 

Figure 1: Study flow chart 

Patients receiving TIV at the study hospital in October 2020 were screened for eligibility. Patients who did not meet the Gold Coast criteria for 

ALS, those with tracheomalacia or emphysema, and those without chest CT performed within 3 months before patient selection were 

excluded. No patient was excluded because of tracheomalacia. The final cohort was classified into the leak and non-leak groups according to 

peri-cuff air leakage status. ALS, amyotrophic lateral sclerosis; CT, computed tomography; TIV, tracheostomy invasive ventilation. 
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Table 1: Patient characteristics according to peri-cuff air-leakage status 

  
  All Leak group Non-leak group P value 

Number of patients   26 10 16  

Age (years)   72.5 (65.3-79.0) 74.5 (69.3-78.0) 70.5 (63.8-79.3) 0.342 

Sex (n) Male 15 7 8 0.428 

  Female 11 3 8   

Duration of TIV use (months)   91.5 (38.3-133.5) 96.5 (53.0-141.0) 77.0 (33.5-132.5) 0.960  

Communication impairment stage (n) Stage 1 11 4 7 0.868 

  Stage 2 3 1 2   

  Stage 3 3 3 0   

  Stage 4 3 0 3   

  Stage 5 6 2 4   

Height (cm)   161.5 (153.5-166.0) 161.5 (156.0-169.0) 161.0 (153.0-163.8) 0.598 

Weight (kg)   47.1 (39.7-51.6) 47.1 (44.4-49.2) 47.4 (39.5-51.9) 0.854 

Body mass index   18.0 (16.0-19.3) 17.8 (16.5-18.5) 18.0 (15.8-19.7) 0.673 

 

Values are presented as median (interquartile range) or number. P values were calculated using Fisher’s exact test for nominal categorical 

variables and the Mann–Whitney U test for continuous and ordinal variables. TIV, tracheostomy invasive ventilation. 

Table 2: Tracheostomy tube and cuff characteristics according to peri-cuff air-leak status 

  
  All Leak group Non-leak group P value 

Tracheostomy tube type GB Tracheostomy Tube 13 5 8 1.000 

  Aspir-Ace™ Tracheostomy 9 4 5  

  Koken double-suction cannula 3 1 2   

  
GB Adjustfit Tracheostomy 

Tube 
1 0 1   

Cuff pressure (cmH2O)   30.0 (30.0-30.0) 31.5 (30.0-34.9) 30.0 (30.0-30.0) 0.005 

Cuff diameter (mm)   26.5 (26.5-29.4) 26.5 (26.5-27.6) 28.0 (26.0-29.6) 0.438 

 

Values are presented as median (interquartile range) or number. P values were calculated using Fisher’s exact test or the Fisher–Freeman–Halton exact 

test for nominal categorical variables and the Mann–Whitney U test for continuous and ordinal variables. 

 

Table 3: Computed tomography-derived tracheal dimensions and ventilator monitoring data according to peri-cuff air-leak status 

 

  All Leak group Non-leak group P value 

Major tracheal diameter (mm) 26.4 (25.0-28.6) 29.0 (28.1-30.9) 26.5 (26.1-27.6) <0.001 

Minor tracheal diameter (mm) 22.7 (21.4-25.3) 24.5 (22.7-26.9) 22.0 (21.2-24.5) 0.008  

Tidal volume (mL) 375.0 (290.0-400.0) 345.0 (262.5-392.5) 383.5 (342.5-412.5) 0.132  

Peak inspiratory pressure (cmH2O) 23.0 (18.0-29.1) 27.0 (22.8-31.3) 18.5 (17.0-24.0) 0.019  

Positive end-expiratory pressure (cmH2O) 4.0 (4.0-5.0) 4.0 (4.0-4.75) 4.0 (4.0-5.0) 0.584  

Dynamic compliance (mL/cmH2O) 19.2 (12.9-29.6) 14.3 (9.7-21.9) 24.6 (15.2-33.1) 0.020  

Difference between major and minor 

tracheal diameters (mm) 
3.5 (1.6-5.5) 5.7 (2.9-6.8) 2.3 (1.3-4.4) 

0.037  

Major-to-minor tracheal diameter ratio 1.2 (1.1-1.2) 1.2 (1.1-1.3) 1.1 (1.1-1.2) 0.068  

Difference between cuff diameter and 

major tracheal diameter (mm) 
0.55 (-1.6-2.6)  -2.3 (-4.1- -1.6) 1.8 (0.7-3.0) 

<0.001 

 

Values are presented as median (interquartile range). P values were calculated using the Mann–Whitney U test for continuous variables. 
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Table 4: Patient and tracheostomy tube characteristics according to sex 

 

  Male Female P value 

Number of patients   15 11  
Age (years)   73.0 (69.0-75.0) 71.0 (62.5-79.5) 0.835  

Peri-cuff air leakage (n) Yes 7 3 
0.428  

  No 8 8 

Duration of TIV use (months)   120.0 (71.5-141.0) 26.0 (11.5-97.5) 0.052  

Communication impairment stage (n) Stage 1 6 5 

0.568  

  Stage 2 3 0 

  Stage 3 2 1 

  Stage 4 2 1 

  Stage 5 2 4 

Height (cm)   163.0 (160.5-169.0) 153.0 (148.5-160.0) 0.006  

Weight (kg)   49.6 (47.1-52.5) 39.4 (35.8-44.8) 0.006  

Body mass index   18.3 (16.8-19.7) 16.8 (15.1-18.5) 0.139  

Tracheostomy tube type GB Tracheostomy Tube 5 8 0.193 

  Aspir-Ace™  Tracheostomy  7 2  

  Koken double-suction cannula 2 1  

  
GB Adjustfit Tracheostomy 

Tube 
1 0  

Cuff pressure (cmH2O)   30.0 (30.0-33.25) 30.0 (28.0-30.0) 0.026  

Cuff diameter (mm)   28.0 (26.5-30.0) 26.0 (24.6-28.7) 0.038  

 

Values are presented as median (interquartile range) or number. P values were calculated using Fisher’s exact test or the Fisher–Freeman–Halton  

exact test, as appropriate, for nominal categorical variables and the Mann–Whitney U test for continuous and ordinal variables. TIV, tracheostomy 

invasive ventilation. 

 

Table 5: Computed tomography-derived tracheal dimensions and ventilator monitoring data according to sex 

 

  Male (n=15) Female (n=11) P value 

Major tracheal diameter (mm) 28.1 (26.0-29.6) 25.1 (23.5-27.0) 0.033 

Minor tracheal diameter (mm) 24.9 (22.1-27.1) 21.9 (20.3-22.7) 0.010 

Tidal volume (mL) 370.0 (290.0-425.0) 387.0 (316.5-400.0) 0.640 

Peak inspiratory pressure (cmH2O) 24.0 (23.0-30.5) 18.0 (16.9-21.7) 0.012 

Positive end-expiratory pressure (cmH2O) 4.0 (4.0-4.5) 4.0 (4.0-5.0) 0.267 

Dynamic compliance (mL/cmH2O) 15.4 (11.0-21.5) 29.4 (19.5-31.7) 0.055 

Difference between major and minor tracheal diameters (mm) 2.3 (1.3-5.2) 3.8 (2.7-5.6) 0.363 

Major-to-minor tracheal diameter ratio 1.1 (1.0-1.2) 1.2 (1.1-1.3) 0.169 

Difference between cuff diameter and major tracheal diameter (mm) 0.2 (-2.5-2.3) 1.1 (-0.45-2.4) 0.350 

 

Values are presented as median (interquartile range). P values were calculated using the Mann–Whitney U test.

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Scatter plot of major tracheal diameter and the difference 

between major and minor tracheal diameters  

Closed circles indicate patients in the leak group, and open circles 

indicate patients in the non-leak group. The vertical and horizontal 

reference lines indicate a major tracheal diameter of 30.0 mm and a 

difference between major and minor tracheal diameters of 6.0 mm, 

respectively. All patients with a difference between major and 

minor tracheal diameters ≥ 6.0 mm were in the leak group. 

Similarly, all patients with a major tracheal diameter ≥ 30.0 mm 

were in the leak group. 
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Figure 3. Scatter plot of major tracheal diameter and the difference 

between cuff diameter and major tracheal diameter 

Closed circles indicate patients in the leak group, and open circles 

indicate patients in the non-leak group. The difference between cuff 

diameter and major tracheal diameter was calculated as cuff 

diameter minus major tracheal diameter. The horizontal reference 

line indicates 0 mm. A negative value indicates that the cuff 

diameter was smaller than the major tracheal diameter. All patients 

with a negative value were in the leak group. 

 

 

 

Discussion 

 

The most important finding of this study was that, among 

patients with ALS receiving long-term TIV, those with peri-

cuff air leakage had larger tracheal diameters on CT images 

and a significantly smaller difference between cuff diameter 

and major tracheal diameter. In particular, all patients in 

whom the cuff diameter was smaller than the major tracheal 

diameter were classified into the leak group. This finding 

suggests that peri-cuff air leakage in patients receiving long-

term TIV may be related not only to cuff pressure but also to 

tracheal enlargement at the cuff level and cuff–trachea 

diameter mismatch. 

 

Peri-cuff air leakage may be managed by increasing cuff 

pressure, adding injected air volume, or replacing the 

tracheostomy tube.4 However, in this study, peri-cuff air 

leakage was observed in the leak group despite significantly 

higher cuff pressure than in the non-leak group. This finding 

suggests that, in some patients with ALS receiving long-term 

TIV, air leakage cannot be explained solely by insufficient 

cuff pressure. A clinical study of adult patients with 

endotracheal intubation reported that the smaller the 

difference between cuff area and airway area, the higher the 

cuff pressure required to achieve adequate airway sealing.7 In 

patients with ALS, case reports have also described tracheal 

enlargement at the cuff level and peri-cuff air leakage.8–10 

Similarly, in the present study, the leak group had larger 

tracheal diameters and a greater difference between the major 

and minor tracheal diameters, suggesting that tracheal 

enlargement and non-circular deformation at the cuff level 

may have resulted in nonuniform contact between the cuff and 

the tracheal wall. 

 

The leak group had higher PIP and lower Cdyn. However, 

because ventilator modes and settings were not standardized 

or controlled, it remains unclear whether these differences 

reflected the patients’ underlying condition or differences in 

clinician-selected ventilator settings. The cross-sectional 

design also precluded determination of whether these findings 

were consequences of peri-cuff air leakage. Nevertheless,  

 

Inada et al. reported that the “just-seal” intracuff pressure 

required to prevent air leakage increased as airway inflation 

pressure increased.17 Accordingly, although causality cannot 

be inferred, the higher PIP observed in the leak group may 

have represented a condition unfavorable for maintaining 

airway sealing. In patients with air leakage despite 

management with high cuff pressure, it may be appropriate to 

reassess cuff pressure, cuff–trachea diameter compatibility, 

cuff position, tracheostomy tube type and size, and ventilator 

settings, rather than simply increasing cuff pressure further. 

 

Because sex differences in tracheal diameter have been 

reported previously,18–21 we performed an exploratory 

analysis by sex. Height, weight, cuff pressure, cuff diameter, 

major tracheal diameter, minor tracheal diameter, and PIP 

were significantly higher in male patients than in female 

patients, and the findings for major and minor tracheal 

diameters were consistent with previous reports. In contrast, 

sex was not significantly associated with peri-cuff air-leak 

status, and the difference between cuff diameter and major 

tracheal diameter did not differ significantly between male 

and female patients. These findings suggest that cuff–trachea 

diameter compatibility may be relevant to peri-cuff air 

leakage despite the observed sex differences in tracheal 

dimensions. However, because this analysis was exploratory 
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and included a limited number of patients, the findings should 

be interpreted with caution. 

 

This study has several limitations. First, because this was a 

single-center, retrospective, cross-sectional study with a 

limited number of patients, causal relationships could not be 

determined. Given the small sample size, multivariable 

analysis could not be performed reliably; therefore, residual 

confounding by sex, body size, duration of TIV use, 

tracheostomy tube type, or ventilator settings cannot be 

excluded. Second, CT images were obtained for clinical 

indications, and patients without an index CT examination 

were excluded; therefore, selection bias may have occurred. 

Third, peri-cuff air leakage was determined retrospectively 

from medical record entries, and the amount, frequency, and 

severity of leakage were not quantitatively assessed under 

standardized conditions. This may have led to 

misclassification between the leak and non-leak groups, 

potentially biasing the observed associations. Although peri-

cuff air-leak status was retrospectively determined based on 

clinical findings observed during the period from 1 month 

before to 1 month after the index CT examination, short-term 

changes in tracheal dimensions during this interval cannot be 

excluded. Fourth, cuff diameter was based on manufacturer-

reported nominal values rather than in vivo measurements. 

Because actual cuff dimensions and shape may vary with cuff 

pressure, tracheal geometry, and tissue compliance, the 

degree of cuff–trachea diameter mismatch may have been 

over- or underestimated, and the direction of this bias cannot 

be determined. Fifth, the 5-mm CT slice thickness may have 

reduced the precision of tracheal diameter measurements, 

particularly when interpreting sub-millimeter differences. In 

addition, CT image measurements were performed by a single 

evaluator, and inter-rater reliability was not assessed. Future 

multicenter prospective studies or longitudinal evaluations 

are needed to examine the temporal relationships among 

tracheal enlargement, increased cuff pressure, and peri-cuff 

air leakage. 

 

Conclusion 

 

This study examined the relationship between peri-cuff air 

leakage and CT-derived tracheal dimensions and cuff 

diameter in patients with ALS receiving long-term TIV. The 

leak group had larger CT-derived tracheal dimensions and a 

significantly smaller difference between cuff diameter and 

major tracheal diameter, and all patients in whom the cuff 

diameter was smaller than the major tracheal diameter were 

classified into the leak group. These findings suggest that 

cuff–trachea diameter compatibility, in addition to cuff 

pressure, may be relevant when evaluating peri-cuff air 

leakage in patients with ALS receiving long-term TIV. 
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