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Background: Endotracheal suctioning is associated with complications that include bleeding, infection, hypoxemia, cardiovascular instability, and tracheal mucosal injury. Recently, a closed-suction catheter with a pressure valve (Acetrachcare, AceMedical Co.,
Republic of Korea) was developed. We hypothesized that this new catheter might reduce tracheal mucosal injury compared to a conventional closed-suction catheter (Trachcare, Kimberly-balla RD, USA).
Methods: This prospective, randomized study enrolled medical and surgical patients who required mechanical ventilation for more than
48 hours. Patients were randomized into two groups: one group was suctioned with the conventional closed-suction catheter (CCC) and
the other group was suctioned with the closed-suction catheter with pressure valve (CCPV). Bronchoscopy was performed 48 hours later, and the severity of tracheal mucosal injury was graded on a 5-point scale, as follows: 0 = normal; 1 = erythema or edema; 2 = erosion; 3 = hemorrhage; and 4 = ulceration or necrosis.
Results: A total of 76 patients (37 with CCPV and 39 with CCC) were included. There were no significant differences between the
groups regarding demographic characteristics, changes in hemodynamic parameters during suction, incidence of pneumonia, length of
intensive care unit (ICU) stay, or ICU mortality. On bronchoscopic evaluation, the use of the CCPV led to a significant decrease in tracheal mucosal injury (median tracheal mucosal injury grade 1 [IQR 0-1] vs. 2 [IQR 1-3], p = 0.001).
Conclusions: We conclude that the novel closed-suction catheter with pressure valve may reduce tracheal mucosal injury compared to
conventional catheters.
Key Words: closed-suction catheter; endotracheal suction; tracheal mucosal injury.

INTRODUCTION

Moreover, open suction can cause cardiovascular complications
such as arrhythmia and hypotension by stimulating the vagus

Endotracheal suctioning is an essential procedure for the

nerve.[2-5] Infection, increased intracranial pressure and tracheal

management of intubated patients to prevent airway obstruction

mucosal damage can also result from open suctioning.[2-5]

and atelectasis. Although open tracheal suction is commonly

Therefore, closed tracheal suctioning emerged as a safer option

used in intubated patients, this procedure may increase the risk of

as it does not require the removal of mechanical ventilation dur-

developing atelectasis and hypoxia because oxygen and positive

ing suctioning. Closed suctioning, backed by continuous supply

end-expiratory pressure are discontinued during suctioning.[1-4]

of oxygen and positive end-expiratory pressure, is said to provide physiological stability and reduce the risk of nosocomial
infection by keeping ventilator circuit closed.[6-12] However, its
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efficacy in preventing infections is still debated.[13,14]
Newly developed closed-suction catheter (AceTrachcare,
AceMedical Co., Republic of Korea) has dial-type pressure
valve, located on the suction port, enables physicians to vary the
level of suction pressure depending on the amount of secretions
(Fig. 1), making it more effective in reducing tracheal mucosal
7
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Fig. 1. (A) The closed-suction catheter with pressure valve. (B) A dial valve can adjust the level of suction pressure according to sputum amount.

injury, compared to conventional closed-suction catheters. This

individual patients. Inspired oxygen concentration was in-

study aimed to compare tracheal mucosal injuries from this new

creased to 100% 15 min before suctioning and brought back

suction catheter (AceTrachcare) and one of the most commonly

down again 30 min after suctioning. For each patient, we in-

used closed-suction catheters (Trachcare, Kimberly-balla RD,

serted a suction catheter through the endotracheal tube until re-

USA). We also compared the efficacy of these two closed- suc-

sistance was met, slowly pulled back the catheter about 2-3 cm,

tion systems on hypoxia, hemodynamic factors, infection, in-

and then suctioned gently for no more than 15 seconds. The

tensive care unit (ICU) length of stay and ICU mortality.

pressure of wall suction was set at 100 mmHg for both the experimental and control groups. However, in the experimental

MATERIALS AND METHODS

group, suction pressure was adjusted by an intensivist using the
pressure valve. Suction pressure was adjusted with three levels,

This study was conducted at Seoul National University

depending on the amount of secretions: Low, medium and high.

Bundang Hospital from March to November 2013. This study

Suction catheters were cleaned after each suctioning using nor-

protocol was approved by a local Clinical Research Ethics

mal saline and replaced every 48 hours.

Board Committees (IRB No. E-1210/174-002). Patients aged 20

Pressure-controlled ventilation was performed with low tidal

years or older were admitted to medical or surgical ICU and re-

volume of 6 ml per kilogram of predicted body weight as part of

quired mechanical ventilation for at least 48 hours after in-

lung protective strategy, and adjusted based on arterial blood gas

tubation, meeting the selection criteria. Patients were excluded

(ABG) results. All intensive cares were provided based on the

if: they underwent tracheostomy prior to ICU admission, they

practice guidelines for ICU patients under the supervision of

were intubated at a previous hospital or operating room, they

intensivist.

had a chest tube, they could not receive sedatives or muscle re-

To measure the damage of tracheal mucosa, bronchoscopy

laxants, they showed unstable vital signs for six hours prior to

was performed 48 hours after catheter application, and the de-

catheter application, they could not undergo bronchoscopy, they

grees of tracheal mucosal damage were divided into five levels

had tracheal mucosal damage according to the previous bron-

(Fig. 2). (0 = normal, 1 = erythema or edema, 2 = erosion, 3 =

choscopic examination or they did not agree to give informed

hemorrhage, 4 = ulceration or necrosis). The recordings of mu-

consent. Eligible patients were randomly assigned to the ex-

cosal state were taken during bronchoscopy, and the degree of

perimental (AceTrachcare) group and the control (Trachcare)

tracheal mucosal damage was reviewed by two intensivists.

group.

We also monitored changes in heart rate, hemodynamics sta-

Two different sizes of suction catheter were used depending

tus such as mean arterial pressure and new onset of arrhythmia,

on the internal diameter of endotracheal tubes: 12 Fr (4 mm) for

color and amount of secretions and the number of suctioning be-

7.5 mm tube and 14 Fr (4.7 mm) for 8.0 mm tube. Each endo-

tween the baseline and 48 hours after catheter application.

tracheal suctioning was performed at an interval of three hours,

Hypoxia was observed using pulse oximetry during suctioning,

and ICU nurses adjusted the time intervals based on the needs of

and the partial pressures of oxygen and carbon dioxide were
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Fig. 2. (A) Image of normal tracheal mucosa at the carina level. (B) Images for the degree of tracheal mucosal injury. Grade 1 = erythema or edema,
Grade 2 = erosion, Grade 3 = hemorrhage, Grade 4 = ulceration or necrosis.
Table 1. Demographic data of patients
Age (yr)
Gender (Male), n (%)
Admission cause, n (%)
Pneumonia
PostOP
Neurologic disease
Sepsis, Septic shock
ARDS
HF, MI
Multiple trauma
Others
Coagulation lab abnormality, n (%)
APACHE II score

Closed-suction catheter with pressure valve
69.7 ± 15.1
24 (64.9)

Conventional closed-suction catheter
74.2 ± 9.7
27 (69.2)

15 (40.5)
7 (18.9)
3 (8.1)
2 (5.4)
3 (8.1)
3 (8.1)
2 (5.4)
2 (5.4)
14 (37.8)
22.7 ± 7.2

19 (48.7)
4 (10.3)
4 (10.3)
4 (10.3)
2 (5.1)
2 (5.1)
2 (5.1)
2 (5.1)
12 (30.8)
24.6 ± 6.6

p value
0.131
0.686
0.766

0.516
0.221

Data is presented as number (%) or mean ± SD. PostOP: postoperative care; ARDS: acute respiratory distress syndrome; HF: heart failure; MI: myocardial infarction; APACHE II: Acute Physiologic and Chronic Health Evaluation II.

measured using ABG analysis immediately after suctioning. In

RESULTS

addition, medical records of nosocomial infection, ICU length
of stay and ICU mortality were collected.

A total of 462 patients met inclusion criteria for this study

In this study, we assigned at least 28 patients to each group

among 855 patients who were admitted to either the medical

under the assumption that the use of the newly developed suc-

ICU or the surgical ICU at Seoul National University Bundang

tion catheter would lead to a 20% decrease in tracheal mucosal

Hospital from March through November 2013. Only 76 patients

damage.[15] Statistical analysis was performed using SPSS 18.0

participated in this study as the majority of candidates did not

(Statistical Package for Social Sciences, Chicago, IL, USA).

consent to data collection after assessment for eligibility. Of 76

Continuous variables were analyzed using Student t test or

patients, 37 were assigned to the experimental group and 39 to

Mann-Whitney U test. Categorical variables were analyzed us-

the control group. However, the number of patients who com-

ing chi-square test. Results were expressed as mean ± SD, me-

pleted the clinical trial was 29 in the experimental group and 31

dian ± quartiles or frequency (%), and p < 0.05 were considered

in the control as eight patients did not undergo bronchoscopy in

statistically significant.

each group due to death or early extubation. There were no significant differences in general characteristics of the two groups,
including age, gender, causes of admission, bleeding tendency
and severity of disease (APACHE II score) (Table 1). The two
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Table 2. Variables about suctioning and hemodynamic factors
Closed-suction catheter
with pressure valve

Conventional closedsuction catheter

18 (48.6)
10 (27.0)
9 (24.3)

20 (51.3)
9 (23.1)
10 (25.6)

12 (32.4)
23 (62.2)
2 (5.4)
29.2 ± 6.3
118.5 ± 21.5
8 (21.6)
102.1 ± 15.6
92.6 ± 6.6
115.0 ± 53.2
38.7 ± 13.5
15.0 ± 6.0

9 (23.1)
26 (66.7)
4 (10.3)
29.1 ± 5.4
120.5 ± 23.6
9 (23.1)
100.2 ± 16.0
92.9 ± 5.3
98.9 ± 55.9
36.2 ± 6.8
14.4 ± 5.7

Sputum appearance, n (%)
Yellowish
Whitish
Blood tinged
Sputum amount, n (%)
Small
Moderate
Large
Number of suction for 48 hr
Maximal heart rate
Occurence of arrhythmia, n (%)
Mean arterial pressure (mmHg)
Minimal O2 saturation (%)
Mean partial pressure O2 (mmHg)
Mean partial pressure CO2 (mmHg)
Maximal inspiratory pressure (cmH2O)

p value
0.924

0.541

0.932
0.693
0.879
0.592
0.856
0.203
0.328
0.649

Data is presented as number (%) or mean ± SD.
Table 3. Tracheal mucosal injury and ICU outcomes
Closed-suction catheter with pressure valve
Tracheal mucosa injury, n (%)
Gr 0
Gr 1
Gr 2
Gr 3
Gr 4
Sputum culture positive, n (%)
Blood culture positive, n (%)
Total ICU stay (d)
ICU mortality, n (%)

Conventional closed-suction catheter

p value
0.001

9 (31.0)
15 (51.7)
5 (17.2)
0
0
22 (59.5)
4 (10.8)
13.0 (6.5-24.0)
12 (32.4)

2 (6.5)
9 (29.0)
8 (25.8)
9 (29.0)
3 (9.7)
23 (59.0)
2 (5.1)
12.0 (7.0-32.0)
12 (30.8)

0.966
0.358
0.877
0.876

Data is presented as number (%) or median (IQR). Gr 0: normal; Gr 1: erythema or edema; Gr 2: erosion; Gr 3: hemorrhage; Gr 4: ulceration or necrosis;
ICU: intensive care unit.

groups showed a similar pattern in distribution of color and

less damage, compared to 2.00 [IQR 1.00-3.00] in the control

amount of secretions, which has a significant impact on endo-

group (p = 0.001).

tracheal suctioning. No change was discovered in color and

Changes in hemodynamics from the baseline (24 hours before

amount of secretions after catheter application in both groups.

catheter application) and 48 hours after catheter application

The total number of suctioning performed for 48 hours was not

were used to identify physiological stability during suctioning. 3

significantly different between the two groups (Table 2).

patients in the experimental group and 1 in the control group

When the tracheal mucosa was examined with a broncho-

showed increased heart rate of more than 20% after catheter

scope 48 hours after catheter application, the experimental

application. Arrhythmia was detected in 8 and 9 patients, re-

(AceTrachcare) group consisted of 9 patients with no injury, 15

spectively, in the experimental and control groups during suc-

with erythema or edema, and 5 with mucosal erosion. No pa-

tioning, but all patients already had history of arrhythmia before

tients displayed either mucosal hemorrhage or mucosal ul-

catheter application. There was no significant difference in max-

cer/necrosis. The control (Trachcare) group comprised 2 pa-

imum heart rate and mean arterial pressure between the two

tients with no injury, 9 with erythema or edema, 8 with mucosal

groups during suctioning. In summary, there were no suction-

erosion, 9 with mucosal hemorrhage, and 3 with mucosal ulcer

ing-induced hemodynamic complications apart from arrhythmia

or necrosis (Table 3). When tracheal mucosal damages were

(Table 2).

classified into five levels, the median level was 1.00 [IQR

When monitored with pulse oximetry during suctioning, a

0-1.00] in the experimental group, demonstrating significantly

significant decrease (more than 20%) in oxygen saturation did
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not occur in both groups. And ABG test performed immediately

catheter in this study. However, the total number of suctioning

after catheter application showed that no patient demonstrated

performed with the experimental catheter and the control cathe-

either more than 20% decrease in partial pressure of oxygen or

ter for 48 hours was not significantly different. We therefore

more than 20% increase in partial pressure of carbon dioxide

postulate that suctioning efficiency of the two catheters was

compared to previous test. Patients were stable without exhibit-

similar.

ing hypoxia during suctioning (Table 2).

Closed-suction catheter is widely used in the ICU due to fa-

ICU outcomes were also evaluated in terms of nosocomial in-

vorable outcomes, including improved oxygenation, reduced

fection, ICU length of stay and ICU mortality. To evaluate noso-

hypoxia, positive end-expiratory pressure maintenance and sub-

comial infection in an indirect manner, sputum and blood cul-

sequent decrease in atelectasis and decreased risk of nosocomial

ture results were analyzed. Patients with positive sputum culture

infection.[6-12] Closed suction systems may be more effective

were 22 and 23, respectively, in the experimental and control

for the ICU environment where ICU bed density is too high. In

groups, while patients with positive blood culture results were 4

fact, some Korean studies showed closed suction system outper-

and 2, respectively, in the two groups. The mean ICU length of

forms open suctioning in reducing infections.[9-11] In this

stay was 17.1 days and 21.6 days in the experimental and con-

study, there were no differences between the experimental and

trol groups, and ICU mortality cases were 12 in each group.

control catheters with respect to the incidence of hypoxia, he-

Therefore, there were no significant differences between the two

modynamics, infection and ICU length of stay probably because

groups with respect to ICU outcomes (Table 3).

both were closed-suction catheters. Further studies are needed
to identify the difference between closed and open-suction cath-

DISCUSSION

eters with respect to abovementioned outcomes.
Suctioning-induced damage to tracheal mucosa was eval-

The purpose of this study was to evaluate the efficacy of new-

uated using bronchoscopy 48 hours after catheter application.

ly developed closed suction catheter containing a pressure

The images of tracheal mucosa were reviewed by two in-

valve. Newly developed closed-suction catheter demonstrated

tensivists to increase interrater reliability. To determine the de-

better outcomes in tracheal mucosal injury without increasing

gree of damage, we modified a Damage index developed in a

complications due to its pressure valve, which allows adjust-

previous study of catheter[15] and classified the damage into

ment of pressure according to the amount of secretion. The mu-

five levels based on severity. Thus analysis results became more

cosal damage can be caused by either mechanical trauma of

specific, compared to a previous study investigating the pres-

catheter or negative pressure applied during suctioning. In this

ence or absence of tracheal mucosal damage.[20] Injuries to the

study, less tracheal mucosal damage is likely attributable to con-

tracheal mucosa can be caused by a variety of factors during

trolled negative pressure rather than mechanical factors. Since

suctioning, including suctioning method, suction frequency and

wall suction pressure was set to the same level for both groups

pressure, catheter size and catheter insertion depth. Participants

during suctioning, the efficacy of pressure valve is evident in

were randomly assigned to the experimental and control groups

this study. Clinical practice guidelines for endotracheal suction-

to minimize effects of other variables than suction pressure.

ing recommends to minimize suction pressure for the removal

Nonetheless, variables could not be completely controlled when

of secretion and to keep suction pressure of less than 150 mmHg

suctioning was performed by many nurses. That is one of the

for adult patients.[4,16] However mid-level pressure is com-

limitations of this study.

monly applied when suctioning in real practices. New catheter

This study demonstrated that the experimental catheter con-

used in this study led to less damage to tracheal mucosa as it

taining a pressure valve was more effective at reducing damage

contains a dial-type pressure valve for easy pressure control.

to the tracheal mucosa than one of conventional closed-suction

Some previous studies described closed-suction catheters as

catheters. This new catheter can be safely and effectively used

the cause of tracheal mucosal damage as they are harder and less

for intubated patients in ICU. Its application will also prove use-

convenient to handle than open-suction catheters[17] and need

ful in patients with a high risk of tracheal mucosal damage due

longer suctioning time with low efficiency.[18,19] The ex-

to various reasons such as bleeding.

perimental catheter used in this study is considered capable of
overcoming limitations of conventional close suction systems.
We did not evaluate directly suctioning efficiency of the new
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