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Abstract

Keywords

Background: Endotracheal suctioning is a common procedure for intubated patients. In Songklanagarind hospital, the
sterile technique for endotracheal suctioning is used routinely in all areas except in the operating theater.

Endotracheal suctioning, Bacterial contamination

Objective: To compare bacterial contamination from endotracheal secretion between the clean and the sterile technique.
Methods: This prospective randomized controlled trial in 276
patients of age more than 18-years-old who had American
Society of Anesthesiologists (ASA) class I-III and scheduled
for elective surgery and had no risk of aspiration were enrolled and randomly assigned into two groups. The patients
with general anesthesia with oroendotracheal intubation
were included. Endotracheal suctioning was performed by
the decision of anesthesiologists or anesthetic nurses with
sterile or clean technique regarding the group assignment.
Secretion collected from the suction catheter was sent to
the microbiology laboratory for microbial culture. The microbiologic bacterial results were reported within 7 days. Patients were followed up for respiratory symptoms every day
for 7 days after the surgery.
Results: There were the non-pathogenic and pathogenic
bacterial growth, and fungus from the culture of endotracheal secretion similarly in both clean and sterile groups.
The clean group had positive bacterial growth of 64.2% and
the sterile group had 57%. The difference was not statistically significant (p = 0.346). The contamination score in the
clean and sterile group were 19 and 15 respectively. The
incidence of respiratory symptoms such as a cough without
fever was low (5%) postoperatively and there was no postoperative pneumonia in both groups.
Conclusion: The incidences of bacterial contamination from
endotracheal suctioning with clean and sterile technique
were similar. But the clean group tended to has higher contamination than the sterile group.

Introduction
Because of the limitation of the secretion clearance
in mechanically ventilated patients, the regular endotracheal suctioning is needed and it’s a common procedure during intraoperative period for maintaining bronchial hygiene and prevention of secretion obstruction.
However, the endotracheal suctioning has the potential
to dislodge viable bacteria from the endotracheal tube
into the lower airway. Therefore, aseptic technique is
essential in order to prevent upper and lower respiratory tract infection corresponded to The American Association of Respiratory Care [1] suggestion related to the
endotracheal suctioning.
The previous studies of intraoperative endotracheal suctioning has been investigated for the evidence of
ventilator-associated pneumonia (VAP) only by comparing the opened suction and closed suction system [2].
For the multi-used closed suction system, the patient
and the ventilator circuit need not to be disconnected
to each other, therefore, the potential for dispersal of
micro-organisms reduces. However, the contaminating
bacteria from the initial pass of the suction can grow
in the warm, humid plastic sheath [3]. Many studies
reported that the type of the tracheal suction; opened
versus closed, had no effect on development of VAP
[4-6]. Bacterial contamination has been reported from
the gloves and equipments such as ventilators [7]. With
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sterile tracheal suction, bacterial cultures were positive
in 67% of patients after intubation for 24 hours and the
most common organisms was Streptococcus species
(28%) [8].
The clean, open suctioning technique is a routine
practice in the operating theater in Thailand. The operating theater is generally a sterile area, so the disposable gloves with sterile suction catheter are commonly
used in our and many hospitals. Sometime, lubricant gel
is also applied with the suction catheter.
This study aimed to compare bacterial contamination
from the endotracheal suctioning by using the clean and
sterile technique.

Materials and Methods
This study was registered at the clinicaltrials.in.th
with the registration number: TCTR20150709002. After
the approval from institutional ethics committee, patients aged more than 18-years-old who had American
Society of Anesthesiologists (ASA) class I-III and scheduled for elective surgery were enrolled in this study.
The patients who had recent respiratory tract infection,
gastro-eosophageal reflux disease, risk of aspiration,
intubated patient, immune-compromised patients and
patients who had tracheal cuff leakage before suctioning were excluded from the study. The inform consent
was obtained from every patient.
Patients were randomly assigned into two groups
(Clean group and Sterile group) by using computer-generated randomization table. The randomization codes were then enclosed and sealed in opaque
envelopes. At the operating theater, demographic
data were recorded by anesthetic nurses or anesthesiologists. After oroendotracheal intubation was
performed successfully by one attempt with conventional laryngoscope with no stylet and lubricant gel,
the tracheal cuff was checked for leakage by palpation then the anesthesiologists or anesthetic nurses
opened the concealed envelopes to identify the assigned group.
During extubation at the end of surgery, endotracheal suctioning was performed for one of these
following reasons; routine practice, presence of the
secretion in the endotracheal tube or increased airway pressure. All patients were pre-oxygenated with
100% oxygen 3-5 minutes before suction and were
suctioned with suction catheter number 14 French,
which was not larger than 2/3 of internal diameter
of endotracheal tube. Endotracheal secretion was
collected only from the first time of suction in each
patient. Peripheral oxygen saturation was monitored
during endotracheal suctioning. Oxygen saturation
below 94% was recorded as desaturation.
In the Clean group, the anesthesiologist or anesthetic nurse wearing the non-sterile disposable gloves
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disconnected the breathing circuit and performed endotracheal suction by using the sterile suction catheter
from the package which was opened since at the time of
the endotracheal intubation. A sterile suction catheter
had a collecting bulb to collect secretion for bacterial
culture. The secretion was kept refrigerated overnight
at 4° Celsius before sending to the microbiologic laboratory in the morning of the next day.
In the Sterile group, the anesthesiologist or anesthetic nurse wearing the sterile gloves performed the
endotracheal suctioning by using the sterile suction
catheter which was immediately opened from the package. There was a non-sterile glove wearing assistant to
disconnect the endotracheal tube from the breathing
circuit to maintain the sterile technique. The rest of the
specimen collection steps were the same as in the clean
group.
In microbiological laboratory, every specimen was
streaked in four quadrants of three plates of the agar
(blood, Chocolate and MacConkey agar) for aerobic
bacteria and yeast for 7 days. The names of bacteria
or yeast were then reported. The enumeration guide
of the colonial morphotypes were graded from the
estimated colonies in four quadrants of the agar:
Rare = in one quadrant only, ignoring a few colonies
in the other quadrants; few = up to second quadrants,
ignoring a few colonies in the other two quadrants;
moderate = up to the third quadrant, ignoring a few
colonies in the fourth quadrants; numerous = up to
the fourth quadrant). The microorganisms which are
not normal flora of the upper airway were reported
as pathogen.
All of the patients were followed up every day for 7
days postoperatively for respiratory symptoms such as
cough, pneumonia, the need for oxygen supplement
or re-intubation. If the patients remained intubated
up to 48 hours or re-intubated from respiratory infection within 7 days postoperatively, the endotracheal
suctioning was performed again to check whether it
was the same pathogen or not. If the patients were
discharged from the hospital within 7 days postoperatively, they were called by telephone at the seventh
postoperative day.
Withdrawal criteria included patients who had no
secretion by suctioning, patients who had indication to
change endotracheal tube and positive cuff leak test by
palpation before suction.
Sample size was calculated using the bacterial contamination rate with sterile technique of endotracheal
suctioning which was 0.67 [4] with 80% power and the
drop out of 10%, there for the number of populations
was 138 for each group.
The patients’ gender, age, ASA classification, surgical site, time from intubation to suction, indication
of suction, incidence of desaturation, amount and
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morphotypes of the microbiological cultures (bacteria, yeast, fungus) were recorded. Data were filled
in Epidata version 2.0.7.22 and then analyzed using
program R version 2.14.1. Results are expressed as
mean ± SD and percentage. Chi-square test and Fish-

er’s exact test was used to compare nominal data.
T-test was used to compare continuous data. All data
were normal distribution. P-value > 0.05 was used for
significant data.

Assessed for eligibility (N = 281)
Excluded (N = 5)
•

Failed intubation in first attempt

Randomization (N = 276)

Clean group (N = 138)

Sterile group (N = 138)
Withdrawn (N = 32)
Withdrawn (N = 24)

No secretion

•

Secretion culture & follow up (N = 106)

•

No secretion (N = 23)

•

Break sterile (N = 1)

Secretion culture & follow up (N = 114)

Figure 1: Consortium flow chart in the study.
Table 1: Patients demographic data.
Patients characteristics

Clean group

Sterile group

(n = 138)

(n = 138)

Male

49 (35.5)

48 (34.8)

Female

89 (64.5)

90 (65.2)

Age (year), mean (SD)

54.1 (14.7)

55.3 (14.1)

P value

Sex, n (%)

ASA, n (%)

0.438

I

9 (6.5)

15 (10.9)

II

98 (71)

94 (68.1)

III

31 (22.5)

29 (21)

Operative site, n (%)

0.614

Superficial and head

16 (11.6)

13 (9.4)

Airway

22 (15.9)

25 (18.1)

Cardiovascular

18 (13)

11 (8)

Intra-abdomen

75 (54.3)

83 (60.1)

Extremities

7 (5.1)

6 (4.3)

Time from intubation to suction, mean (SD)

193.9 (99.4)

213.4 (115.5)

Indication of suctioning, n (%)

0.135
0.323

Routine

101 (73.2)

93 (67.4)

Clearing secretion

37 (26.8)

42 (30.4)

Increased airway pressure

0 (0)

1 (0.7)

Others

0 (0)

2 (1.4)

Desaturation, n

0

1
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Result
Two hundred eighty-one patients were enrolled
from September 2015 to June 2016. Five patients
were excluded due to failed intubation in the first
attempt. Fifty-six patients were withdrawn from this
study due to no secretion from suctioning and one
patient was withdrawn due to the violation of sterile
technique in the sterile group (Figure 1). There were
no significant differences between two groups in
term of sex, age, ASA classification, surgical site, time
from intubation to suction, indication of suction and
incidence of desaturation (Table 1).
The incidence of positive bacterial culture between
the clean group and the sterile group was not different (64.2% vs. 57% respectively, p = 0.346) (Table 2).
The 95% confident interval of the Clean and the Sterile
group were 0.549-0.731, and 0.479-0.661 respectively.
The pathogenic bacteria and fungus (Candida albicans) were cultured from the secretion in both groups.
The culture was positive for yeast in one patient in the
Clean group.
The pathogen contamination was calculated into the
score in order to compare the severity of pathogens
Table 2: Microbiological bacterial report of the clean and sterile
groups.
Result

Clean group,

Sterile group,

n (%)

n (%)

Positive

68 (64.2)

65 (57)

Negative

38 (35.8)

49 (43)

P-value
0.346

contamination in both groups. The score was calculated
by the formula below.
Pathogens Contamination Score = n × level of contamination
The level of contamination were graded as; Rare = 1,
Few = 2, Moderate = 3 and Numerous = 4.
So the Clean group had Pathogens Contamination
Score higher than the Sterile group (19 vs. 15 respectively) (Table 3 and Table 4).
Most of the bacterial growth from endotracheal secretion are normal throat flora and some of them are
pathogens (Table 3 and Table 4). Most common bacterial growth in both groups was Alpha-streptococcus not
group D not pneumonia, and Neisseria spp. which are
normal throat flora. One patient from the sterile group
who was scheduled for changing vacuum dressing under general anesthesia had Acinetobacter baumannii.
In the secretion but he didn’t have any postoperative
respiratory symptoms within 7 days.
From 276 patients in this study, there were 14 patients (5%) who had respiratory symptoms within 7 days
postoperatively. In the Clean group, four patients had a
productive cough without fever (one patient had positive culture as Alpha- Streptococcus and Neisseria spp.,
one patient had negative culture, and two patients had
no secretion for bacterial culture). One patient had left
lower lung atelectasis and needed oxygen supplement
for 3 days postoperatively but he had no secretion from
suctioning. One patient was re-intubated on the second
postoperative day due to sepsis from intra-abdominal
infection, his intraoperative endotracheal secretion cul-

Table 3: Microbiology culture report of the clean group.
Normal throat floras

Rare (n) Few (n) Moderate (n) Numerous (n) Total (n) Contamination (score)

Staphylococcus coagulase negative

2

-

-

-

2

-

Alpha-streptococcus not group D

12

24

14

8

58

-

not pneumoniae
Neisseria spp.

6

21

4

6

37

-

Gram negative bacilli

4

5

-

-

9

-

Staphylococcus spp.

2

1

1

-

4

-

Gamma-streptococcus

-

-

-

-

0

-

Beta-streptococcus

-

-

-

-

0

-

Corynebacterium spp.

-

-

1

1

2

-

Staphylococcus epidermidis

-

-

-

-

0

-

Pathogens

Rare

Few

Moderate

Numerous

Total (n) Contamination (score)

Staphylococcus aureus

-

-

1

-

1

3

Haemophilus spp.

-

1

-

1

2

6

Streptococcus pneumoniae

-

1

-

1

2

6

Acinetobacter baumannii

-

-

-

-

-

0

Candida albicans

-

1

-

-

1

2

Yeast

-

1

-

-

Total patients
Narunart et al. Int J Respir Pulm Med 2020, 7:130
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Table 4: Microbiology culture report of the sterile group.
Bacteria

Rare (n) Few (n) Moderate (n) Numerous (n) Total (n) Contamination (score)

Staphylococcus coagulase negative

1

1

-

-

2

-

Alpha-streptococcus not group D

11

32

9

5

57

-

Neisseria spp.

6

19

2

4

31

-

Gram negative bacilli

1

7

-

-

8

-

not pneumoniae

Staphylococcus spp.

2

3

-

-

5

-

Gamma-streptococcus

1

2

-

-

3

-

Beta-streptococcus

-

1

-

-

1

-

Corynebacterium spp.

-

-

-

1

1

-

Staphylococcus epidermidis

-

-

1

-

1

Pathogens

Rare

Few

Moderate

Numerous

Total (n) Contamination (score)

Staphylococcus aureus

-

-

-

-

0

0

Haemophilus spp.

-

-

-

1

1

4

Streptococcus pneumoniae

-

-

1

1

2

7

Acinetobacter baumannii

-

-

1

-

1

3

Candida albicans

1

-

-

-

1

1

Yeast

-

-

-

-

0

0

5

15

Total patients

ture was positive for Alpha-Streptococcus and Neisseria
spp. In the Sterile group, six patients had a productive
cough without fever (one patient had positive culture
for Alpha- Streptococcus and Neisseria spp., one patient
had a positive culture for Staphylococcus coagulase
negative, three patients had the negative culture and
one patient had no secretion). Two patients needed oxygen supplement (one patient with a history of COPD
had bronchospasm and received bronchodilator nebulized for 4 days, his culture of secretion was positive
for Alpha-Streptococcus and another patient needed
oxygen cannula for 3 days without any other respiratory
symptoms).

Discussion
In this study, the incidences of positive bacterial culture from endotracheal suctioning between the
Clean group and the Sterile group were similar (64.2
and 57%, respectively). Several trials related to the endotracheal suction system has mostly been focused on
the comparison between closed and open system in
terms of the incidences of ventilator-associated pneumonia (VAP) or incidences of contamination in intensive care patients. For the open suctioning system,
none of the previous studies compared the clean and
sterile endotracheal suctioning in operating theater.
In this study, the bacterial contamination rates were
similar between the two techniques. It may be due to
the clean area of the operating theater, and the low
risk of cross-contamination from patient to another
patient because one patient at a time is in the theateral together with the change of some new medical
equipment after surgery.
Narunart et al. Int J Respir Pulm Med 2020, 7:130

The colonization of the airway has been reported
that it was prone to the development of nosocomial
pneumonia [9,10]. The duration of mechanical ventilation and colonization of the upper respiratory tract are
the most important risk factors for VAP [11]. After 24
hours, the patients who were orally intubated for at
least 24 hours had sputum cultures positive for pathogens as high as 67% [8]. Speksnijder H, et al. compared
sterile endotracheal suctioning to the non-sterile suction procedure on the reduction of airway colonization
in the patients on mechanical ventilation for more than
48 hours. They found that the exogenous colonization
was not significantly different between the non-sterile
(27.5%) and the sterile group (25%) [12]. These incidences were lower than those in our study which might
be explained by the differences in the use of selective
decontamination of digestive tract and definition of airway colonization. Unlike the operating room, the cross
contamination is the major route to nosocomial infection in the intensive care unit [13].
With the more endotracheal suctioning performed,
the more likely the patient would be exogenously colonized [12]. Cook, et al. reported a cumulative increased
risk of VAP with time, with 3% per day in the first week
of mechanical ventilation [14]. The gram-positive bacteria from the mouth were commonly colonized within 12-36 hours after endotracheal intubation [15,16].
Most of the surgical procedures were not last longer
than 12 hours. Therefore, in our study, the duration of
mechanical ventilation was possibly inadequate to have
bacterial colonization in the lower airway. Additionally,
the endotracheal suctioning in each patient was only
performed only once at the end of surgery. In this study,
• Page 5 of 7 •

DOI: 10.23937/2378-3516/1410130

one patient in the Sterile group who had Acinetobacter
baumannii. In the secretion had multiple recent surgical
operations with general anesthesia and endotracheal
intubation, so he might have an increased risk for endogenous bacterial colonization in his airway.
Similar VAP rates were found in the earlier trials
compared between the closed and the open endotracheal suction system [5,17-20]. Meta-analysis also
failed to demonstrate a positive impact of closed
suction system on VAP, morbidity and mortality compared to the open systems [21-24]. However, using
closed suction system has been demonstrated to decreased in incidence of VAP significantly [2,25]. The
use of closed suction system is also recommended as
part of a VAP prevention program [1].
The risk of contamination in the clean group was
expected to be higher than that in the sterile group.
This contamination may cause the respiratory tract infection postoperatively; therefore, all of the patients
were followed up for 7 days postoperatively. Even the
pathogenic bacteria and fungus were found from the
secretion in both groups. The incidence of postoperative respiratory symptoms was not different between
the two groups. The incidence was approximately 5%,
which were 6 patients in the Clean group and 8 patients
in the Sterile group. Most of them developed a cough
without fever postoperatively. No patient had diagnosed with postoperative pneumonia within a week.
Many potential pathogens such as Staphylococcus aureus and Streptococcus, may be introduced into the
lower part of the respiratory tract during intubation
[15-17]. Similar to the previous studies, the Streptococcus, and Staphylococcus were the common bacteria in
our specimens. Early-onset VAP, which occurs between
48 to 72 hours after intubation, is usually the result of
aspiration and is often due to S. aureus, Haemophilus
influenzae, or Streptococcus pneumoniae. Late-onset
VAP is often caused by antibiotic-resistant organisms,
including Pseudomonas aeruginosa, methicillin-resistant S. aureus, Acinetobacter species, and Enterobacter
species [12,26]. The gram-negative pathogens were
found on 22-28%, and yeast on 6% of the airway devices [8]. George DL, et al. reported a 12.5% prevalence
of colonization with gram-negative bacteria [12]. The
most common gram-negative species were Pseudomonas aeruginosa (15.6%), Enterobacter species (10.9%),
and Klebsiella pneumoniae (7.0%) [27]. Acinetobacter
buananii but not Pseudomonas aeruginosa were found
in our study. The colonization with Acinetobacter spp.
and Pseudomonas aeruginosa was demonstrated to be
more frequent in the closed suction group than in the
open suction group [4]. In this study, yeast was cultured
in one patient in the Clean group but none in the Sterile
group. However, the patient did not develop the sign
and symptoms of respiratory infection postoperatively.
This study may have some limitations as it was a single center. Anesthetic nurse students, anesthetic nursNarunart et al. Int J Respir Pulm Med 2020, 7:130
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es, anesthetic residents and staff anesthesiologists who
performed intubation had variation in skill level and experience. Although they could intubate successfully in
one attempt, it could not be confirmed that the endotracheal tube did not contaminate any oral secretion before passing into the trachea. We used a cuff leak test by
palpation on the neck with positive pressure ventilation
at 20 cmH2O as a routine. However, we did not monitor
intraoperative cuff pressure. The lubricant gel was not
applied in our study because it may be a confounding
factor of contamination despite it sometimes was used
in routine practice of our hospital. The microorganisms
in this study were not counted in CFU because the protocol is complicated and has a high cost. Finally, the
cultures of tracheal aspirate is not a specific diagnostic
method because of the lower respiratory tract colonization and a high percentage of false-positive results. The
presence of a potential pathogen in a sputum culture is
not definitive for a diagnosis of pneumonia.

Conclusion
There was no significant difference of the bacterial
contamination from the open system of the oroendotracheal suctioning between the clean and the sterile
technique in the operative environment, but the clean
technique tended to has the higher incidence of airway
colonization.

Declaration of Interest
The authors report no conflicts of interest.

Acknowledgements
The authors acknowledge the financial support received from Prince of Songkla University, for their support and encouragement in carrying out this work.

References
1. Restrepo RD, Brown JM, Hughes JM (2010) AARC clinical
practice guidelines. Endotracheal suctioning of mechanically ventilated patients with artificial airways 2010. Respir
Care 55: 758-764.
2. David D, Samuel P, David T, Keshava SN, Irodi A, et al.
(2011) An open-labelled randomized controlled trial comparing costs and clinical outcomes of open endotracheal
suctioning with closed endotracheal suctioning in mechanically ventilated medical intensive care patients. J Crit Care
26: 482-488.
3. Blackwood B, Webb CH (1998) Closed tracheal suction
systems and infection control in the intensive care unit. J
Hosp Infect 39: 315-321.
4. Topeli A, Harmanci A, Cetinkaya Y, Akdeniz S, Unal S
(2004) Comparison of the effect of closed versus opened
endotracheal suction systems on the development of ventilator-associated pneumonia. J Hosp Infect 58: 14-19.
5. Hamishekar H, Shadvar K, Taghizadeh M, Golzari SEJ,
Mojtahedzadeh M, et al. (2014) Ventilator-associated
pneumonia in pateints admitted to intensive care units, using opened or closed endotracheal suctioning. Anesth Pain
Med 4.

• Page 6 of 7 •

DOI: 10.23937/2378-3516/1410130

6. Dodek P, Keenan S, Cook D, Heyland D, Jacka M, et al.
(2004) Evidence-based clinical practice guideline for the
prevention of ventilator-associated pneumonia. Ann Intern
Med 141: 305-313.
7. Ricard JD, Eveillard M, Martin Y, Barnaud G, Branger C,
et al. (2011) Influence of tracheal suctioning systems on
health care workers’ gloves and equipment contamination:
A comparison of closed and open systems. Am J Infect
Control 39: 605-607.

ISSN: 2378-3516

17. Deppe SA, Kelly JW, Thoi LL, Chudy JH, Longfield RN, et
al. (1990) Incidence of colonization, nosocomial pneumonia, and mortality in critically ill patients using a Trach Care
closed suction system versus an open-suction system: Prospective, randomized study. Crit Care Med 18: 1389-1393.
18. Combes PH, Fauvage B, Oleyer C (2000) Nosocomial
pneumonia in mechanically ventilated patients, a prospective randomized evaluation of the Stericath closed suctioning system. Intensive Care Med 26: 878-882.

8. Sole ML, Poalillo FE, Byers JF, Ludy JE (2002) Bacterial
growth in secretions and on suctioning equipment of orally
intubated patients: A pilot study. Am J Crit Care 11: 141149.

19. Johnson KL, Kearney PA, Johnson SB, Niblett JB, MacMillan NL, et al. (1994) Closed versus open endotracheal
suctioning: Costs and physiologic consequences. Crit Care
Med 22: 658-666.

9. Johanson Jr WG, Pierce AK, Sanford JP, Thomas GD
(1972) Nosocomial respiratory infections with gram-negative bacilli: The significance of colonization of the respiratory tract. Ann Intern Med 77: 701-706.

20. Jongerden IP, Buiting AG, Leverstein-van Hall MA, Speelberg B, Zeidler S, et al. (2011) Effects of open and closed
endotracheal suctioning on cross-transmission gram negative bacteria: A prospective crossover study. Crit Care Med
39: 1313-1321.

10. George DL, Falk PS, Wunderink RG, Leeper KV Jr, Meduri
GU, et al. (1998) Epidemiology of ventilator-acquired pneumonia based on protected bronchoscopic sampling. Am J
Respir Crit Care Med 158: 1839-1847.
11. Bonten MJ, Bergmans DC, Ambergen AW, Leeuw de PW,
S van der Geest, et al. (1996) Risk factors for pneumonia,
and colonization of respiratory tract and stomach in mechanically ventilated ICU patients. Am J Respr Cirt Care
Med 154: 1339-1346.
12. Speksnijder H, Trogrlić Z, Lima A, Bakker J, dos Reis Miranda D (2015) Endotracheal suctioning with nonsterile
gloves and only when necessary. Intensive Care Med 41:
1500-1501.
13. Weist K, Pollege K, Schulz I, Ruden H, Gastmeier P (2002)
How many nosocomial infections are associated with
cross-transmission? A prospective cohort study in a surgical intensive care unit. Infect Control Hosp Epidemiol 23:
127-132.
14. Cook DJ, Walter SD, Cook RJ, Griffith LE, Guyatt GH, et al.
(1998) Incidence of and risk factors for ventilator-associated pneumonia in critically ill patients. Ann Intern Med 129:
433-340.
15. Barie PS (2000) Importance, morbidity, and mortality of
pneumonia in the surgical intensive care unit. Am J Surg
179: 2-7.
16. Feldman C, Kassel M, Cantrell J, Kaka S, Morar R, et al.
(1999) The presence and sequence of endotracheal tube
colonization in patients undergoing mechanical ventilation.
Eur Respir J 13: 546-551.

Narunart et al. Int J Respir Pulm Med 2020, 7:130

21. Vonberg RP, Eckmanns T, Welte T, Gastmeier P (2006)
Impact of the suctioning system (open vs. closed) on the
incidence of ventilation-associated pneumonia: Meta-analysis of randomized controlled trials. Intensive Care Med 32:
1329-1335.
22. Jongerden IP, Rovers MM, Grypdonck MH, Bonten MJ
(2007) Open and closed endotracheal suction systems
in mechanically ventilated intensive care patients: A meta-analysis. Crit Care Med 35: 260-270.
23. Subirana M, Sola I, Benito S (2007) Closed tracheal suction
systems versus open tracheal suction systems for mechanically ventilated adult patients. Cochrane Database Syst
Rev.
24. Overend TJ, Anderson CM, Brooks D, Cicutto L, Keim M, et
al. (2009) Updating the evidence-base for suctioning adult
patients: A systematic review. Can Respir J 16: 6-17.
25. Kuriyama A, Umakoshi N, Fujinaga J, Takada T (2015) Impacts of closed versus open tracheal suctioning systems
for mechanically ventilated adults: A systematic review and
meta-analysis. Intensive Care Med 41: 402-411.
26. Rello J, Torres A (1996) Microbial causes of ventilator-associated pneumonia. Semin Respir Infect 11: 24-31.
27. Richards MJ, Edwards JR, Culver DH, Gaynes RP (2000)
Nosocomial infections in combined medical-surgical intensive care units in the United States. Infect Control Hosp
Epidemiol 21: 510-515.

• Page 7 of 7 •

