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Title 1 
Comparison of procedure time among types of endotracheal suctioning methods preparing for disaster 2 
situations 3 
 4 
Abstract 5 
 6 
Introduction: In disaster, the types of endotracheal suctioning methods available vary depending on 7 
the situation. Therefore, the aim of this prospective research is to measure the prolongation of 8 
procedure time by commodity/tool change. 9 
 10 
Methods: Expert nurse group and nursing student group were participated. The participants conducted 11 
five open suctioning systems and closed suctioning system twice to measure the influence of 12 
commodity changes on the procedure time.  13 
 14 
Results: The procedure time was not prolonged by the change of commodity among five open 15 
suctioning systems.  16 
 17 
Conclusions: All nurses may be capable of functioning with limited medical resources without 18 
prolonging their usual procedure time. The result also implied that the procedure time could be used 19 
to measure the level of skill acquisition as well as to measure the possibility of simplifying some 20 
procedures. Further research is required to identify skill-facilitating factors and obstacles using 21 
procedure time as evaluation criteria to prepare for disaster situations. 22 
 23 
Keywords: procedure change, procedure time, emergency management, staff education, pedagogical 24 
evaluation 25 
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1. Introduction 1 

There are currently several methods available for endotracheal suctioning, such as the open suctioning 2 

system (OSS) and the closed suctioning system (CSS). These systems can either be electrically 3 

powered or mechanical, including a foot-operated bellows pump or foot pedal. Both the OSS and the 4 

CSS have been well described and compared in terms of parameters such as vital signs, costs, and rate 5 

of infection, among others1-5). The CSS is recognized for low risk of infection compared with the 6 

OSS6). Reportedly, the reason for the low infection risk is that the catheter used in CSS is covered by 7 

a protective film to avoid contamination by contact with the operator. Previously, the suctioning 8 

catheter was sterilized in disinfectant and reused, but single-use catheter is now widely recommended 9 

to prevent infection7,8). In a previous study, there was no significant difference between replacing the 10 

catheter every 24 hours or storing in its paper sheath and hanging it at the patient’s bedside between 11 

suctioning episodes9).  12 

Recently, the OSS dry method, in which the catheters dry after being wiped with alcohol and reused 13 

every 24 hours, is used for mechanical ventilation at home because of its cost-effectiveness. Given an 14 

increase in the number of mechanically ventilated patients, both adults and children, cared for at home, 15 

the need for equipment such as home respirators, tracheotomy and tube feeding as well as gaining 16 

endotracheal suctioning skill are unavoidable10,11). Development of an effective instruction method for 17 

caregivers without medical background is an issue of great urgency.  18 
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However, the same suctioning method is not always available at the time of an emergency situation, 1 

such as disaster. Maggiore et.al indicated that suctioning method, frequency and higher PEEP are risk 2 

factors for complications during endotracheal suctioning12). Procedure changes could be a cause of 3 

complications not only for caregivers at home, but for healthcare professionals as well. Little is known 4 

about the risk of procedure changes in emergent situations. The aim of this research, therefore, is to 5 

determine the risk of procedure changes, focusing on the influence of these changes on the time to 6 

perform endotracheal suctioning.  7 

 8 

2. Methods 9 

2.1 Selection of Participants 10 

Internet and face-to-face invitations were sent to recruit participants currently working at healthcare 11 

institutions. Although participants were selected by convenient sampling, the years of clinical 12 

experience and type of wards where the participants worked were considered to reflect a real-world 13 

population. Inclusion criteria were as follows: registered nurses experienced in endotracheal 14 

suctioning at any institution, with at least 3 years of clinical experience. In total, 13 participants were 15 

recruited from three institutions. Two participants were excluded because of lack of technical expertise.  16 

 17 

2.2 Study Protocol 18 
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The study was conducted at a single research laboratory. Nine participants were from an acute care 1 

hospital that routinely used the OSS with single-use catheter for endotracheal suctioning. The 2 

remaining two nurses routinely applied the OSS dry method at their institutions, which were long-3 

term care facilities. Only one participant had experience with the CSS (N4). None of the nurses had 4 

experience with the use of all the six suctioning methods. Therefore, simple individual instruction was 5 

provided from a researcher before each procedure. The time was measured upon the confirmation from 6 

the participants, that they were ready to begin the procedure on the training model for endotracheal 7 

suctioning (M85 11229-000, KYOTO KAGAKU CO.,LTD). The protocol was approved by the 8 

Ethical Committee of the Faculty of Health Sciences, Hokkaido University (no.13-2). Written 9 

agreement forms from all participants were obtained before commencing the study. 10 

 11 

2.3 Data Collection and Processing 12 

In this study, the participants were tested using six types of endotracheal suctioning methods: 1) the 13 

OSS dry catheter method that keeps a catheter in a vacant container and is replaced every 24 hours, 2) 14 

the OSS with single-use catheter, 3) the OSS soak catheter method that keeps the catheter in the 15 

disinfectant, 4) the CSS, 5) the OSS that includes a foot-suction pump (FP-300, BLUE CROSS 16 

EMERGENCY CO.,LTD), and 6) the mechanically operated OSS that requires plantar flexion to exert 17 

pressure on a foot pedal (M002-00054927, SHIN-EI INDUSTRIES,INC.. The methods listed as 5) 18 
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and 6) required maintaining the body weight and balance mainly on one leg as one foot has to operate 1 

the bellows pump or foot pedal, while suctioning. Hyperinflation, hyperoxygenation and saline lavage 2 

prior to suctioning were not used for any suctioning procedure.  3 

Procedure time was measured from the time the participant put on the gloves until the gloves were 4 

disposed of. Each nurse performed suctioning twice by the six suctioning methods on a suctioning 5 

simulator model, resulting in a total of 132 time measurements. To avoid the repetitive use of t-test, 6 

we used Dunnett’s test for data analysis. The CSS was chosen as the control group. Before statistical 7 

analysis, equality of variance was verified with an F-test. With the use of G*Power version 3.1 13), 8 

statistical power and degree of freedom (Df) were calculated by effect-size (r = 0.75) and total sample 9 

size (n = 11), which were 1-β ＝ 0.95 and Df = 11. 10 

 11 

3. Results 12 

A total of 11 nurses were enrolled in this study. All nurses were female, registered nurses from the 13 

same prefecture. Overall, participants were from three different healthcare institutions. Participants 14 

ranged between 25 and 40 years of age. One nurse was working as a nurse manager (N1). The clinical 15 

experience of participants ranged from 3 to 17 years (Table 1), with a mean clinical experience of 11.9 16 

years.  17 

 18 
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The shortest mean procedure time was found in the CSS with 57.63 seconds (Table 2). The result 1 

indicated that the CSS method required a shorter time compared with the five OSS methods tested. 2 

The maximum performance time was almost two-fold the minimum time among these six suctioning 3 

methods, respectively. Only the CSS was statistically significant by t-test with the OSS open method 4 

as a comparison group: p=0.66(soak), 0.48(disposable), 9.46E-10(CSS), 0.37(foot pump), 0.61(foot 5 

pedal). There was no time difference in each suctioning method except the CSS method. 6 

 7 

To analyze in detail, procedure time among the six different suctioning types is shown in Figure 1. As 8 

for the participants’ advanced skill, one of the participants (N1) was a senior manager of the ward. As 9 

this nurse (N1) was previously employed in a ward that requires frequent suctioning practices, she 10 

achieved a shorter time of endotracheal suctioning compared with the other nurses. However, the 11 

longer clinical experience year of nurses was not reflected on the endotracheal suctioning procedure 12 

time as N3 N6 N9 and N10 performed with extended procedure time compared to other participants’. 13 

Therefore, the data were divided into two by the average procedure time, 120 seconds as the cut-off 14 

level, instead of their years of clinical experience. Hereafter, N3 N6 N9 and N10 were referred to as 15 

non-expert nurses and the remaining seven participants as expert nurses. 16 

 17 

The mean procedure time for expert and non-expert nurses among the six methods was compared 18 
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(Figure 2). These expert nurses performed one series of suctioning within a range of 50 to 90 seconds 1 

with a mean of 77.4 seconds, while non-experts performed the same procedures in approximately 70 2 

to 120 seconds with a mean of 107.9 seconds. After the equality of variance was verified using the F-3 

test, the statistical significance was assessed by Dunnett’s test in five pairs as the CSS a control group. 4 

Procedure time between experts and non-experts were statistically significant in the OSS dry method, 5 

the OSS soak method, the OSS single-use method, the OSS foot pump method, and OSS foot pedal 6 

method (p = 3.8E-8, 1.1E-8, 2.5E-6, 4.6E-7, and 1.2E-6, with effect size of r = 0.77, 0.79, 0.68, 0.77, 7 

and 0.66, respectively). The procedure time for CSS was significantly shorter compared with the 8 

remaining five OSS suctioning methods.  9 

 10 

Using a paired t-test, the mean procedure time of the first and second trials was then compared for the 11 

six methods to account for the learning effects of performing the suctioning procedure twice. Only the 12 

CSS method (P=0.001) was significantly associated with a decrease in procedure time for the second 13 

round of suctioning (Figure 3). However, there was no significant decrease in the procedure time with 14 

the other five methods. 15 

 16 

4. Discussion 17 

There was a dramatic difference of procedure time for the five open methods between expert and non-18 
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expert groups. However, procedure time was not extended by each suctioning methods. These results 1 

imply that despite the different environments and scenarios, such as disaster, all nurses may indeed be 2 

capable of functioning with limited medical resources without prolonging “their usual procedure time” 3 

with the OSS methods. Furthermore, the CSS method was performed in the quickest by both experts 4 

and non-experts in endotracheal suctioning. There was relatively small difference between the two 5 

groups of nurses for the CSS method, whereas the remaining five OSS methods were significantly 6 

different in terms of skill acquisition. This indicates that the CSS method can be performed quickly 7 

regardless of the level of expertise of the operator. In other words, there may be a margin to simplify 8 

the five OSS procedures or to improve equipment considering emergent situation where there are 9 

limitation of resources.  10 

 11 

As for the five OSS methods, there were significant differences between experts and non-experts. The 12 

result suggested that a greater clinical experience could be an important indicator of the expertise for 13 

endotracheal suctioning; however, the place of practice, that is the necessity of repetitive suctioning, 14 

may exert a greater influence on the procedure time. Work experience at ICUs or emergency rooms, 15 

which requires frequent suctioning, might be an expeditious track to improve endotracheal suctioning 16 

skills. In this research, one of the nurses enrolled was a nurse manager. The procedure time achieved 17 

by this nurse continued to be that of an expert, despite relocating to an area of work where there was 18 
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no need for suctioning practices. Consequently, this finding indicates that once the skill of suctioning 1 

is acquired, it may remain as part of the long-term memory for many years. McGaghie, Issenberg, 2 

Petrusa, and Scalese (2010) determined that simulation-based education is superior to traditional 3 

clinical education in achieving specific clinical skill acquisition goals14). The mechanisms of skill 4 

acquisition in terms of long-term memory could be studied further with the use of simulators. The use 5 

of simulators early in a healthcare professionals’ career could lead to the achievement of high-quality 6 

skills for patient care in an emergency setting. Moreover, this approach has two major advantages, 7 

continuing professional education and human resources development15), that are important for the 8 

preparation for emergency situations. 9 

Very few papers deal with the relationships between the skill acquisition and the procedure time in 10 

endotracheal suctioning. Time to perform a procedure is essential to assess skill acquisition as well as 11 

not make our patients to wait long. According to the description of the typology of learning trajectories 12 

at the early stage of professional development by Eraut (2011), he pointed out the context of task 13 

performance development, which consists of “speed and fluency”, “complexity of tasks and problems”, 14 

“range of skill required”, “communication with a wide range of people”, and “collaborative work” 15-15 

18). Hence, time to perform the procedure was the only measurement in this study. Other educational 16 

validations, such as decision-making 19-21) in emergency scenarios, obtaining respiratory/circulatory 17 

data during suctioning 22), and hand maneuver, such as catheter control 23,24) must be evaluated with 18 
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the performance time in the future. Further research is required to find out the prolongation of 1 

performance time under the condition of adverse events, e.g. hemorrhage, bradycardia, and vomiting 2 

reaction, or the pedagogical evaluation of repetition to identify skill-facilitating factors and obstacles 3 

to prepare for disaster situations which occurs anywhere and anytime. 4 

 5 

 6 

5. Conclusions 7 

The prolongation of endotracheal suctioning time by changing techniques was not observed in this 8 

study; however, the difference in procedure time was confirmed between experts and non-experts in 9 

endotracheal suctioning and it was not related to their years of clinical experience. Among the six 10 

endotracheal methods, the shortest mean procedure time was for the CSS. The fact that procedure time 11 

for the CSS method was relatively similar between expert and non-expert groups indicated the 12 

expertise of participants had relatively small effect on time to perform the CSS method. The results 13 

also support the view that nurses might be able to perform any suctioning methods within their usual 14 

procedure time even in emergency. In addition, the procedure time could be used to measure the 15 

expertise of professionals as well as to determine which procedures could potentially be simplified.  16 

 17 
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Table 1. Background of Participants 

  
Clinical Experience 

(Years) 
Experienced Ward(s) 

N1 17 Brain surgery, Psychiatry 

N2 12 NICU, GCU 

N3 17 Internal medicine, Gynecology, Radiology 

N4 17 ICU, NICU, Severe intellectual/physical disability 

N5 11 
Severe intellectual/physical disability, Community 
Healthcare 

N6 6 Urology 

N7 14 Psychiatry, Neurology 

N8 13 Psychiatry, Emergency room 

N9 4 Urology 

N10 3 Urology 

N11 17 Internal medicine, Urology 

                             Mean clinical experience = 11.9 years 
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Table 2. Overall of procedure time for the six suctioning methods             
Sec. 

  Dry Soak Disposable Closed Foot pump Foot pedal 

Min. 70.07 74.61 66.07 36.44 70.37 64.73 

Mean 99.23 102.18 93.99 57.63 93.69 95.25 

Max. 147.26 146.05 155.50 81.85 151.93 174.02 

SD 21.22 21.98 25.50 11.27 17.90 28.27 

                                                         

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

**（α=0.01） 
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Figure 1. Procedure time among six different types of endotracheal suctioning 
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Figure 2. Mean procedure time for endotracheal suctioning methods by groups 
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Figure 3. Comparison between first and second trials
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