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Objective  To evaluate the care status of the amyotrophic lateral sclerosis (ALS) patients with long-term use of 
tracheostomy tube by caregivers of ALS patients.
Methods  A survey was conducted in the form of questionnaires to ALS patients and their caregivers. All 
measurements were performed by two visiting nurses. For statistical analysis, SPSS ver. 22.0 and Mann-Whitney U 
test on non-normal distribution were used.
Results  In total, 19 patients (15 males and 4 females) and their caregivers participated in the survey. In the case 
of patients, the average duration of care was 5.9±3.7 years, and the mean periods of illness and tracheostomy 
were 5.3±3.2 years and 3.0±2.6 years, respectively. Replacement intervals were 14 days in 11 patients, 7 days in 4 
patients, 28 days in 2 patients, and 21 days in 1 patient. One patient was unable to provide an accurate replacement 
interval. Eighteen (99%) caregivers had experience of adding volume to a cuff without pressure measure in the 
following instances: due to patients’ needs in 7 cases, air leakage in 7 cases, and no reason in 4 cases. Mean 
pressure of tracheostomy cuff was 40±9.4 cmH2O, and air volume of tracheostomy cuff was 6.7±3.2 mL, but real 
mean volume was 7.0±2.9 mL. The number of suctioning for airway clearance was a mean 27.5 ±18.2 times a day.
Conclusion  According to this survey, we notice that almost all the patients and caregivers had an erroneous idea 
about cuff volume and pressure. Moreover, education and long-term professional care of tracheostomy cannot be 
overemphasized in this manner. 
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INTRODUCTION

Amyotrophic lateral sclerosis (ALS) is characterized 
by progressive weakness and atrophy of muscles in the 
limbs, trunk, bulbar, and respiratory system [1]. Respira-
tory insufficiency is usually manifested in the late course 
of disease due to progressive dysphasia from bulbar 
muscle involvement, and hypoventilation from diaphrag-
matic involvement [1,2]. Therefore, most of ALS patients 
are assisted by non-invasive mechanical ventilation (NIV) 
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or undergo tracheostomy with mechanical ventilation for 
life prolongation. 

According to the study of Chio et al. [1], nearly 50% of 
ALS patients discharge for home, which is the preferred 
location for long-term mechanical ventilation since it en-
hances the quality of life and reduces the cost. Although 
family usually plays a role of the primary caregiver, care 
statue of patients and caregivers toward long-term tra-
cheostomy have received limited attention, and only few 
studies have been investigated so far [3]. Furthermore, 
these caregivers are usually uneducated regarding the 
basic knowledge and care of tracheostomy, which are 
important in preventing late complications of tracheos-
tomy care [4]. In the present survey too, we found that no 
individual had any information about the importance of 
tracheostomy tube management with appropriate cuff 
pressure of 20–25 mmHg (25–35 cmH2O) [5]. If problems 
arising due to the caregiver’s ignorance can be detected 
early, numerous late complications of tracheostomy 
would be prevented. Prevention is also possible with 
educated and disciplined caregivers. 

Considering this, we decided to conduct a survey to 
evaluate the care status of the ALS patients with long-
term use of tracheostomy tube, by their caregivers.

MATERIALS AND METHODS

A survey was conducted in the form of questionnaires 
to ALS patients, who were receiving home nursing care 
and following up from Pusan National University Hospi-
tal, and their caregivers. We carried out a survey regard-
ing ALS patients, who were supported by mechanical 
ventilation with tracheostomy, between October 2013 
and April 2014. The information of the patient included 
the name, sex, age, size of tracheostomy tube, and type of 

tracheostomy tube.
The questionnaires included open and closed form of 

questions, and contained detailed queries about the fol-
lowing: mean period of illness, mean period of trache-
ostomy, experience of using NIV before tracheostomy, 
duration of providing care, working time of care, and re-
lation with the patient. The questionnaires also included 
demographic items and details about tracheostomy 
tube and care status, such as tube replacement interval, 
any experience of adding volume to tracheostomy tube 
inflation, reason for extra volume, and the number of 
times of suctioning (with or without using a mechanical 
insufflation-exsufflation [MIE]). All measurements were 
performed by two visiting nurses from Pusan National 
University Hospital. The mean air volume of tracheos-
tomy cuff was measured by a cuff pressure manometer, 
with modification of the technique used in the study of 
Sengupta et al. [6] This was as follows: first, the cuff pres-
sure was measured (cmH2O) according to the mean air 
volume (mL); second, air was released by using a syringe 
and the volume was recorded; third, the real air volume 
was recorded and cuff pressure was re-measured, until 
the cuff pressure measured is the same as the first one. 

What’s more, we primarily educated the caregiver’s 
basic knowledge of tracheostomy tube management and 
applied a smart cuff manager which could adjust the cuff 
pressure automatically, if needed (Fig. 1). We also con-
ducted education about proper suctioning as the Ameri-
can Association for Respiratory Care (AARC) guidelines; 
these included guidelines regarding adequate selection 
as deep suction and shallow suction, suctioning with less 
than 150 mmHg of negative pressure, and not more than 
15 seconds [7].

SPSS ver. 22.0 (IBM SPSS, Armonk, NY, USA) was used 
for data analysis, and comparisons between the mean 

A B

Fig. 1.  (A) Tracheostomy tube 
with out smart cuff manager. (B) 
Tracheostomy tube with smart cuff 
manager which controls the cuff 
pre ssure continuously. 
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volume of tracheostomy cuff by caregiver and by nurse 
were made using the Mann-Whitney U test because it 
showed non-normal distribution.

RESULTS

A total of 19 patients (15 men and 4 women) and their 
caregivers participated in the survey. Amongst the care-
givers, 10 were spouses, 3 were professional caregivers, 3 
were mothers, 2 were either son or daughter, and 1 was 
a sister. The average duration of providing care for their 
patients was 5.9±3.7 years, and the average working time 
was 12 hours per day. 

The mean periods of illness and tracheostomy for the 
patients were 5.3±3.2 and 3.0±2.6 years, respectively 
(Table 1). All patients were currently using a mechanical 
ventilator via a tracheostomy tube, 5 of whom had pre-
viously used a non-invasive ventilator through a nasal 
or full face mask before the tracheostomy, for different 
lengths of time, ranging from 1 month to 7 years.

The inner diameter of the tracheostomy tubes were 
7.5 mm in 11 patients, 8.0 mm in 7 patients, and 7.0 mm 
in 1 patient. The type or product name of the different 
tracheostomy tubes used were cuffed adjustable flange 
tracheostomy tube by Portex Blue Line (1 patient), sili-
cone tracheostomy tube by Portex Bivona (1 patient), 
extra vertical length tracheostomy tube with double cuff 
by Portex Blue Line (1 patient), tracheostomy tube by 
Yushin (1 patient), tracheostomy tube by Covidien (1 pa-
tient), vocalaid cuffed tracheostomy tube by Portex Blue 
Line (2 patients), and cuffed tracheostomy tube by Portex 

Blue Line (12 patients). Because of the small sample size, 
it was hard to compare the cuff pressure between these 
products, or the differing pressure based on the inner di-
ameter of tracheostomy.

The tube replacement interval was 14 days in 11 pa-
tients, 7 days in 4 patients, 28 days in 2 patients, and 21 
days in 1 patient (Table 2). One patient was unable to pro-
vide an accurate replacement interval. All tracheostomy 
tube replacements were performed by a visiting nurse; 
however, one caregiver did it by herself, and this was the 
case in which an accurate replacement interval was not 
provided. 

Eighteen (95%) caregivers had experience for addition 
of the tracheostomy cuff volume without measuring the 
pressure. Abnormal high cuff pressure was observed in 
15 (78.9%) of the 19 patients (Fig. 2). The reasons for add-
ing cuff volume were difficulty or discomfort in breath-

Table 1. Duration of providing care, illness, and trache-
ostomy

Duration 
Care

(n=19)
Illness
(n=19)

Tracheostomy
(n=19)

<1 0 1 4

1≤ yr <2 2 2 2

2≤ yr <3 2 0 3

3≤ yr <4 4 2 4

4≤ yr <5 2 3 2

5≤ yr <6 1 4 0

6≤ yr <7 2 2 1

7≤ yr <8 3 0 1

8≤ yr <9 0 0 2

9≤ yr <10 0 1 0

≥10 3 4 0

Table 2. Replacement interval of tracheostomy tube, re-
gardless of the type of cannula (n=19)

Replacement interval No.
Every 7 days 4

Every 14 days 11

Every 21 days 1

Every 28 days 2

Irregular 1

36 < Pressure < 50 cmH O
2

Pressure < 35 cmH O
2

50 < Pressure < 75 cmH O
2

Pressure > 75 cmH O
2

n=4

n=6

n=7

n=2

Fig. 2. Most of caregivers experienced over-inflation on 
tracheostomy tube. The figure showed 78.9% of the pa-
tients have an abnormal high cuff pressure (normal range 
of cuff pressure, 25–35 cmH2O).
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ing, and air leakage around the tracheostomy site, in 7 
cases each; 4 patients were unable to provide an accurate 
reason. Only 2 caregivers answered that there were 2 rea-
sons for adding cuff volume: because it was requested by 
the patient, and because of air leakage. According to the 
caregivers’ records, the mean air volume of the tracheos-
tomy cuff was 6.7±3.2 mL. However, the mean pressure of 
tracheostomy measured by the visiting nurse was 40±9.4 
cmH2O. Also, the real mean air volume of the tracheos-
tomy cuff measured by the visiting nurse was 7.0±2.9 mL. 
It showed that the real mean volume of tracheostomy cuff 
as measured by the visiting nurse was higher than the 
caregiver’s record. Although there was no difference of 
mean air volume by statistical analysis of Mann-Whitney 
U test, we should consider this to be an effect of small 
sample size. Some of ALS patients, who had received 
long-term tracheostomy care with mechanical ventila-
tion, were admitted to our hospital and diagnosed as 
tracheomalacia due to the over-inflation of tracheostomy 
cuff. In those cases, we replaced their Portex tracheos-
tomy tube to adjustable flange tracheostomy tube with a 

smart cuff manager for cuff pressure regulation, and im-
parted adequate instructions to the caregivers (Fig. 1). 

Recently, 4 patients were hospitalized; therefore, they 
could receive training about tracheostomy care. Among 
these 4 patients, the cuff volume and pressure immedi-
ately after admission was 13 mL and 60 cmH2O, 14 mL 
and 80 cmH2O, 12 mL and 90 cmH2O, and 14 mL and 70 
cmH2O. However, after imparting training and given a 
discharge, a visiting nurse recorded the following de-
creased volume and pressure in the 4 patients: 7 mL and 
20 cmH2O, 4 mL and 20 cmH2O, 7 mL and 26 cmH2O, and 
7 mL and 20 cmH2O, respectively (Fig. 3). As the number 
of patients was small, no statistical analysis was carried 
out. 

The mean number of times in which suctioning was 
performed for airway clearance was 27.5±18.2 times per 
day; however, the results showed polarization, since two 
groups numbering 10 and 8 patients, suctioning were 
performed under 15 times and over 40 times, respectively 
(Table 3). Fourteen patients answered that suctioning 
was performed more often in the daytime, while only 4 

Fig. 3. Comparison of cuff inflation volume and pressure 4 patients, before and after imparting education.
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patients required suctioning more frequently at night. 
One patient did not notice a difference in the frequency 
of suctioning between day and night. 

Fourteen patients reported using a MIE at home, but 
there was no difference in the frequency of suctioning 
between MIE users and non-users (27.5±18.8 times vs. 
25.0±18.5 times, respectively) (Table 3).

DISCUSSION

Considering the recent study of Chio et al. [1] that the 
mean duration of ALS before tracheostomy was 2.4 years 
and mean survival time after tracheostomy was 253 days, 
the results of this survey showed a relatively longer care 
duration (average 5.9±3.7 years). However, the average 
working time (12 hours per day) was similar to the report 
(14.4 hours per day) of Kaub-Wittemer et al. [8]. Most of 
the caregivers were family, with the spouse (52.6%) being 
a major caregiver among family members; this result was 
similar to previous studies [8,9].

Numerous studies recommend that the changing inter-
val of tracheostomy tube may require 7–10 days after first 
insertion, 10–14 days on single lumen tube, and not less 
than 30 days on double cannula tube [10]. All of these 
recommendations are for preventing tube blockage from 
excessive secretions and development of granulation tis-
sue [8,11]. However, our results indicated 7 and 28 days 
intervals of changing tracheostomy tubes, regardless of 
the type of cannula, and irregular changing of the trache-
ostomy tube 1 patient. 

This study highlights some interesting points about how 
much information the caregivers have for tracheostomy 
care, and how the caregivers actually care about trache-
ostomy tube. According to the survey, we realized that 

most of the caregivers had performed tracheostomy care 
without any basic knowledge or precaution regarding fu-
ture complications. 

Tracheostomy is performed for general clinical indica-
tions such as airway obstruction, to protect airway, to 
facilitate weaning of mechanical ventilation, to assist se-
cretion removal, and to allow long-term ventilation [4,12]. 
Complications after tracheostomy can be divided into 
immediate, short-term and long-term complications [13]. 
Immediate complications include airway loss, obstruc-
tion of tracheostomy tube, and hemorrhage, whereas 
short-term complications include blockage or tracheos-
tomy tube displacement [14]. Long-term complications 
include infection, tracheal stenosis due to development 
of granuloma tissue, skin breakdown due to downward 
traction, tracheoinnominate artery fistula, tracheomala-
cia, and tracheoesophageal fistula [4,15].

Among these, the long-term complications are directly 
related to the care imparted in patients having tracheos-
tomy, who require long-term respiratory care. The rele-
vant mechanism of long-term complications include cuff 
related problems, mostly with or without displacement 
of tube tip and abnormal healing of injured tracheal 
mucosa [16]. The cuff of tracheostomy allows for airway 
clearance, airway protection, and effective ventilation [5]. 
Although optimal tracheal capillary perfusion pressure is 
25–35 mmHg, transmitted pressure to the trachea is less 
than the cuff pressure [5]. Therefore, the cuff pressure 
should be maintained at 20–25 mmHg (25–35 cmH2O) 
with most tracheostomy tubes, to prevent tracheal wall 
injury and aspiration, and intra-cuff pressure should be 
monitored [5]. Most caregivers have a tendency to over-
inflate the tracheostomy cuff, and even in this survey, 
most of caregivers (78.9%) experienced over-inflation on 
tracheostomy tube (mean pressure 40±9.4 cmH2O) be-
cause of the patient’s request, air leakage or without any 
reason. Our results indicated that almost all patients and 
caregivers have an erroneous idea about cuff volume and 
pressure. Over-inflation of the tracheostomy tube could 
lead to ischemic injury on the tracheal mucosa wall, and 
prolonged ischemia could develop into tracheal steno-
sis due to the formation of granulation tissue [15]. If this 
condition proceeds to the weakened tracheal wall which 
have a loss of cartilaginous support, tracheomalacia may 
be occurred by airway collapse [15]. The posterior tra-
cheal wall injury by persistence excessive cuff pressure 

Table 3. Frequency of suctioning with or without me-
chanical insufflation-exsufflation (MIE)

Frequency
Suctioning 

(n=19)
With 
MIE

Without 
MIE

<10 1 0 1

10–19 8 7 1

20–29 2 1 1

30–39 0 0 0

40–49 2 1 1

≥50 6 5 1

Total 19 14 5
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could also result in tracheoesophageal fistula [15]. More-
over, excessive movement, lower placement, and over-
inflation of tracheostomy could develop into tracheoin-
nominate artery erosion [15]. As mentioned above, these 
long-term complications of tracheostomy are related to 
the tracheostomy cuff pressure care status. We could ad-
just tracheostomy cuff pressure by proper education of 
the patients and their caregivers. 

We also observed that the frequency of suctioning var-
ied between less than 15 times to over 40 times; the AARC 
clinical practice guideline has also not established an 
adequate frequency of suctioning [7]. Also, the frequency 
of suctioning was irrespective whether a MIE was used or 
not. This may be a result of the fact that MIE allows the 
caregivers to increase the number of shallow suctioning, 
while it enables decreasing the number of deep suction-
ing, enhancing the establishment of clear secretion. We 
also conducted an education about proper suctioning 
as the AARC guidelines; the guidelines included fac-
tors such as the adequate selection of deep suction and 
shallow suction, suctioning with less than 150 mmHg of 
negative pressure, and not more than 15 seconds [7].

Many ALS patients have been managed by invasive 
home ventilators, and therefore we need to educate 
proper tracheostomy care methods for patients and their 
caregivers [17]. We could not perform a limited statisti-
cal analysis due to the relatively small number of patients 
and caregivers recruited in this study. Nevertheless, we 
may emphasize how important it is to educate caregivers 
about appropriate tracheostomy cuff volume and pres-
sure management, based on the results of the present 
study. 
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