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Comparing influence of intermittent subglottic
secretions drainage with/without closed suction
systems on the incidence of ventilator associated
pneumonia
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g Context: Intermittent subglottic drainage (ISD) of secretions is recommended for Acces this a'cle online
5| prevention of ventilator-associated pneumonia (VAP) as it reduces microaspiration from Website: www.ijccm.org
@) | the area around the cuff. Poor suction techniques can contribute to VAP, hence closed DOI: 10.4103/0972-5229.84902
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< suction system (CSS) may have theoretical benefit in VAP prevention. Combination of

these two techniques may provide added advantage. Aims: To study the influence of
ISD with/without CSS on the incidence of VAP. Materials and Methods: Data from
311 patients requiring mechanical ventilation (MV) for more than 72 hours were collected
retrospectively. They were divided into four groups as follows: group A, no intervention;
group B, only CSS; group C, only ISD; and group D, ISD with CSS. These groups were
compared with respect to incidence of VAP, duration of MV, length of ICU and hospital
stay and ICU mortality. Results: Patients in the four groups were comparable with
respect to age, sex ratio and admission Acute Physiology and Chronic Health Evaluation
(APACHE) Il scores. Incidence of VAP per 1000 ventilator days in groups A, B, C,and D
were 25,23.9, 15.7 and 14.3, respectively (P=0.04). There was no significant difference in
the duration of MV (P=0.33), length of ICU (P=0.55) and hospital stay (P=0.36) and ICU
mortality (P=0.9) among the four groups. Conclusions: ISD of secretions reduces the
incidence of VAP. CSS alone or in combination with ISD has no significant effect on VAP
incidence. Hence, ISD may be recommended for VAP prevention, but indications other
than VAP prevention should determine the type of the suction system.
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Introduction

Ventilator-associated pneumonia (VAP) is the most
frequently acquired infection by patients admitted in
intensive care units (ICUs).["! It is also associated with
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increased morbidity which in turn leads to increased ICU
and hospital stay and hence higher medical expenses.?
The risk of nosocomial pneumonia increases by 6 to 20-
fold in intubated patients. VAP affects between 20 and
70% of the ventilated patients and accounts for at least 10
episodes per 1,000 intubation days.™ Patients developing
VAP have high mortality rate ranging from 33 to 70%/>*!
and patients developing VAP are twice more likely to
die than those without VAP."! Therefore, prevention of
VAP has been regarded as the topmost priority in ICU
infection control programs.!®!
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Among the various measures to prevent VAP, some like
semi-recumbent position, subglottic secretion drainage,
proper hand washing by staff, etc. have been proven to
be beneficial and are generally recommended.”! Other
measures like use of closed suction systems (CSSs ) have
been advocated but are not currently recommended
due to lack of conclusive evidence.! Aspiration of
oropharyngeal pathogens, or leakage of secretions
containing bacteria around the endotracheal (ET)
tube cuff, have been identified as the primary routes
of contamination of the lower respiratory tract.'! In
ventilated patients, failure of proper suction and low
cuff pressure can easily lead to aspiration, which may in
turn cause VAP.™ Aspiration of subglottic secretions can
prevent bacterial contamination of the lower respiratory
tract and can prevent VAP.I">'>16 [n addition, poor suction
techniques can lead to exogenous contamination of the
respiratory tract which in turn can again lead to VAP.
Use of CSSs can prevent this exogenous contamination
and hence can have arole in VAP prevention.”? Though
combined use of a set of evidence-based practices, called
the “ventilator bundle”, has been proposed™ to prevent
the occurrence of VAP, the combination of intermittent
subglottic drainage (ISD) of secretions with CSS, with the
other measures to prevent VAP remaining the same, has
not been studied. Hence, we aimed to study the influence
of ISD with/without CSS on the incidence of VAP.

Materials and Methods

This was a retrospective study conducted in an eight-
bed medical ICU of a tertiary care hospital. Our medical
ICU is an advanced care unit with more than 650
admissions per year. It has a 24 hours on-site intensivist
coverage, and a 1:1 nurse-to-patient ratio is maintained
at all times. Data were collected from the records of 311
adult patients who were admitted during the 3-year
period ranging from January 2006 to January 2009 and
required mechanical ventilation (MV) for more than 72
hours.

Patients were divided into four groups according to
the type of suction and the type of ET tube they had, as
follows: group A: no intervention; group B: only CSS;
group C: only ISD; and group D: ISD with CSS. Patients
in the no intervention group A had classical Portex®
cuffed ET tube (Smiths Medical ASD, Keene, NH, USA)
and the conventional open suction system was used.
In group B, the patients had classical Portex® ET tube
with closed suction apparatus Steri-Cath (SIMS Portex;
Keene, NH). In group C, patients had open ET suction
system along with the Hi-Lo® Evac ET tube (Hi-Lo Evac;
Mallinckrodt; Athlone, Ireland) with subglottic secretion
evacuation system through which intermittent suction

was applied to drain the subglottic secretions. In group
D, patients had both ET tube with subglottic secretion
drainage system (Hi-Lo Evac) and closed suction
apparatus (Steri-Cath). Other components of the VAP
bundle remained the same in all the groups.

These groups were compared with respect to incidence
of VAP, duration of MV, length of ICU and hospital
stay, and ICU mortality, with incidence of VAP being
the primary outcome measure. VAP was diagnosed
according to the clinical pulmonary infection score
(CPIS), with a score equal to or more than 6 being as the
diagnostic cut-off."” Severity of illness was measured
by Acute Physiology and Chronic Health Evaluation
(APACHE) Il score, and the predicted death rate (PDR)
was calculated according to the APACHE II reference
equations.!

Consistent level of nursing care was maintained
throughout the 3 -year period and there were no major
changes in the ICU team which managed these patients.
Patients were managed with fixed VAP prevention
protocols regarding head end elevation (30°- 45°), use of
H-2 receptor blocking agents for stress ulcer prophylaxis,
sterile suctioning techniques, proper hand hygiene, use
of orotracheal tubes, use of heat-moisture exchange
filters, use of naso-gastric Ryles tube, promotion of early
enteral feeding, maintenance of adequate cuff pressure
to prevent cuff leak, daily wake test and early weaning
from MV. Utmost care was taken to prevent re-intubation
and similar weaning protocols were followed during the
study period. Selective gut or oral decontamination did
not form a part of our VAP bundle, but chlorhexidine
mouth wash was given regularly to all ventilated
patients.

Statistical analysis

We used SPSS Version 16.0 for the statistical analysis.
Means of continuous variables were compared
using Student’s t-test and categorical variables were
compared using chi-square test and Fishers Exact test,
as appropriate. One-way analysis of variance (ANOVA)
was applied to test the significance between and
within the four groups. A P value of less than 0.05 was
considered significant.

Results

A total of 378 patients required MV in the given time
frame, but the data from a total of 311 (82.3%) patients,
who fitted the inclusion criteria, were analyzed. Sixty-
five patients were excluded as they required MV for
less than 72 hours and two were excluded because of
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unavailability of complete data. There were 78 (25.1%),
83 (26.7%), 60 (19.3%) and 90 (28.9%) patients in groups
A, B, C, and D respectively. Overall, the mean age of
the patients was 52.7 £ 12.5 years (range 24-82 years);
there were 223 male (71.7%) and 85 female (28.3%)
patients and the mean APACHE II score was 24.1 * 6.
The patients in the four groups were comparable with
respect to age, sex ratio and admission APACHE Il scores
[Table 1]. The most common reason for intubation
was severe sepsis in 131 (42.1%) patients, followed
by respiratory failure in 95 (30.5%) patients, airway
protection in 67 (21.5%) and cardiac arrest in 18 (5.8%)
patients [Table 2]. The incidence of VAP per 1000
ventilator days in groups A, B, C, and D were 25, 23.9,
15.7 and 14.3, respectively (P=0.04). There was no
statistically significant difference in the duration of MV,
length of ICU and hospital stay and ICU mortality among
the four groups [Table 1]. In the overall population, the
incidence of VAP per 1000 ventilator days was 19.1, the
total number of VAP episodes was 33 (10.6%) and overall
ICU mortality was 27.7% (86 patients).

Discussion

Through this retrospective study, we could emphasize the
fact that the use of intermittent subglottic secretion drainage
is beneficial in preventing VAP. Closed suction drainage
alone or in combination with ISD may not aid in preventing
VAP and hence its use should not be encouraged for this
purpose. Even though there was reduced incidence of
VAP with use of ISD, it did not translate into any mortality
benefit or reduced ventilator or ICU stay.

We used the CPIS score to diagnose VAP as this is a
validated tool for the diagnosis of VAP with a reported
sensitivity and specificity of more than 90%.12-2
In addition, this being a retrospective study, it was
easily available to us as we calculate CPIS score for all
ventilated patients on a daily basis as a part of our VAP
prevention protocol. Based on CPIS score, VAP occurred
in 10.6% of the total population, ranging from 7.8% in
patients having both ISD and CSS to 14.1% in patients
without ISD and CSS, which is in accordance with the
reported range of 9-27% in all intubated patients.*%!
In the National Nosocomial Infections Surveillance
report, the median rate of VAP per 1000 ventilator days
in various hospitals ranged from 2.2 to 14.7,1! which is
comparable to our overall VAP incidence of 19.1.

Aspiration of the subglottic secretions is an effective
measure to prevent VAP, with little risk involved. It has
been shown to reduce the incidence of VAP by nearly
half. In our cohort of patients too, addition of ISD to our
existing VAP bundle significantly reduced the incidence
of VAP from 25 to 15.7 episodes per 1000 ventilator days.
It is especially proven to reduce the incidence of early-
onset pneumonia (pneumonia occurring within 5-7 days
after intubation). In addition, ISD has been shown to
shorten the duration of MV and the length of stay in the
intensive care unit.””! Although in our study we could
not demonstrate any significant reduction in mortality or
reduction in days on MV or length of ICU stay, it could
be due to our relatively small sample size. Nevertheless,
there have been other reports too where ISD was not
associated with reduced mortality or length of ICU stay
despite being associated with decreased VAP rates.?*!

Table I: Comparison between the four groups regarding baseline characteristics and outcome measures

Parameter of interest No intervention Css ISD CSS with ISD P value
(n=78) (n=83) (n=60) (n=90)

Mean age, years 52114 S5Ix11.6 545+ 13.6 53.8 =133 0.31
Sex, males 55 (70.5) 60 (72.3) 41 (68.3) 67 (74.4) 0.86
APACHE I 22.7 £ 6.9 238+ 6.3 245+ 4.1 232 +59 0.06
PDR, % 454 + 22 49.3 +20.4 514134 534+ 189 0.054
Incidence of VAP/1000 ventilator days 25 23.9 15.7 14.3 0.04*
Episodes of VAP 11 (14.1) 10 (12) 5(8.3) 7 (7.8) 0.42
Days on MV 5624 51 =x2 53 =x2.1 54+18 0.33
Length of stay in ICU, days 78 £3.5 7.6 £3.7 84 +34 7.6 £33 0.55
Length of hospital stay, days 10.4 = 4.9 995 10.9 = 4.6 9.5 +t46 0.36
ICU mortality 23 (29.5) 22 (26.5) 16 (26.7) 25 (27.8) 0.9
*Statistically significant, Values in parentheses are in percentage, CSS = Closed suction systems, ISD = Intermittent subglottic drainage
Table 2: Reasons for intubation

Overall No intervention CSss ISD CSS with ISD

(n=311) (n=78) (n=83) (n=60) (n=90)
Severe sepsis 131 (42.1) 31 (39.7) 38 (45.8) 26 (43.3) 36 (40)
Respiratory failure 95 (30.5) 30 (38.5) 25 (30.1) 17 (28.3) 23 (25.7)
Airway protection 67 (21.5) 20 (25.6) 15(18.1) 14 (23.3) 18 (20)
Cardiac arrest 18 (5.8) 7 (8.9) 5 (6) 3(5) 3(3.3)

CSS = Closed suction system; ISD = Intermittent subglottic suction, Values in parentheses are in percentage
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Even though ISD of secretions is well established and
widely recommended as an essential measure to prevent
VAP, it is still not widely applied in clinical practice.l*"!
Wider application of evidence-based practices should be
advocated for better acceptance and application of this
method for VAP prevention.

CSS has several inherent advantages including no
external handling by staff and hence it decreases airway
contamination.””! In addition, suctioning through CSS
causes no loss of positive end-expiratory pressure
(PEEP) and prevents de-recruitment which especially
may be beneficial in patients with acute respiratory
distress syndrome.B®! It may also have a lower risk
of contamination of the ET system due to a protective
sheath and a role in preventing exogenous spread of
infection to other patients when it is used in patients
infected with methicillin-resistant Staphylococcus
aureus, or Mycobacterium tuberculosis.[* It is also easy
to use and saves nursing time.? Use of CSS causes fewer
physiologic and hemodynamic disturbances compared to
the conventional open suction systems.*! Even though a
few studies have suggested some benefits of CSSin VAP
prevention,!”*5 a number of meta-analyses have shown
that it has no beneficial effect on the VAP incidence,
mortality and ICU length of stay™-% and hence it is not
currently recommended for VAP prevention.! In the
present study too, there was only a marginal reduction in
VAP incidence from 25 to 23.9 per 1000 ventilator days,
when CSS was added to the existing VAP bundle. Even
when CSS was used in combination with ISD, there was
only a non-significant reduction in VAP incidence to 14.3
as compared to 15.7 per 1000 ventilator days when ISD
was used alone.

Limitations

This was a single-center retrospective study and hence
the results may lack wider generalization. In addition,
the effect of circumstances (emergency or elective) and
site of intubation (ICU or emergency) was not studied.
But as the level of competency was maintained the same
throughout the time period, we believe the effect of these
factors to be minimal. The diagnosis of VAP was made
according to the CPIS score, which itself has certain
limitations.*!

Conclusions

ISD of secretions reduces the incidence of VAP in
patients receiving MV. CSS alone or in combination
with ISD has no significant effect on the incidence
of VAP. Hence, ISD may be recommended for VAP
prevention, but indications other than VAP prevention
should determine the type of the suction system in a

mechanically ventilated patient. To show a mortality
benefit, larger multicenter trials may be required.

References

1. incent J1i, Bihari DJ; Suter PM, Bruining HA, White J, Nicolas-
Chanoin MI, et al. The prevalence of nosocomial infection in intensive
care unit in Europe: Results of the European Prevalence of Infection in
Intensive Care (EPIC) Study. JAMA 1995;278:639-44.

2. Heyland DK, Cook D.J, Griffith LE, Keenan SP, Brun-Buisson C; for

the Canadian Critical Care Trials Group. The attributable mortality

and morbidity of ventilator associated pneumonia in the eritically ill

patient. Am oJ Respir Crit Care Med 1999;159:1249-56.

Kollet MH, Ward S. The influence of mini-BAL cultures on patients

outcomes: Implications for the antibiotic management of ventilator

associated pneumonia. Chest 1998;113:412-20.

4. Alvarez-Lerma F; the ICU Acquired Pneumonia Study Group.

Modification of empiric antibiotic treatment in patients with pneumonia

acquired in the intensive care unit. Intensive Care Med 1996;22:387-94.

Rello J, Gallego M, Mariscal D, Sonora R, Valles .J. The value of routine

microbiogical investigation in ventilator-associated pneumonia. Am .J

Respir Crit Care Med 1997;156:196-200.

6. Luna CM, Vujacich P, Niederman MS, Vay C, Gherardi C, Matera .J,
et al. Impact of BAL data on the therapy and outcome of ventilator
associated pneumonia. Chest 1997;111:676-85.

7. Safdar N, Dezfulian C, Collard IR, Saint S. Clinical and economic

consequences of ventilator-associated pneumonia: A systematic review.

Crit Care Med 2005;33:2184-93.

Eiggimann P, Pittet D. Infection control in the ICU. Chest

2001;120:2059-93.

9. American Thoracic Society (ATS) and Infectious Diseases Society of
America (IDSA). Guidelines for the management of adults with hospital-
acquired, ventilator-associated, and healtheare-associated pneumonia.
Am J Respir Crit Care Med 2005;171:388-416.

10.  Cameron JILi, Reynolds J, Zuidema GD. Aspiration in patients with
tracheostomies. Surg Gynecol Obstet 1973;136:68-70.

11.  du Moulin GC, Paterson DG, Hedley-Whyte J, Lishon A. Aspiration
of gastrie bacteria in antacid-treated patients: A frequent cause of
postoperative colonisation of the airway. Lancet 1982;1:242-5.

12, Valles J, Artigas A, Rello J, Bonsoms N, Fontanals D, Blanch 1, et al.
Continuous aspiration of subglottic seeretions in preventing ventilator-
associated pneumonia. Ann Intern Med 1995;122:179-86.

13. Cook D, De Jonghe B, Brochard L, Brun-Buisson C. Influence of
airway management on ventilator-associated pneumonia: Evidence
from randomized trials. JAMA 1998;279:781-7.

14.  Rello J, Sonora R, Jubert P, Artigas A, Rue M, Valles JJ. Pneumonia in
intubated patients: Role of respiratory airway care. Am J Respir Crit
Care Med 1996;154:111-5.

15. Mahul P, Auboyer €, Jospe R, Ros A, Guerin C, el Khouri Z, et al.
Prevention of nosocomial pneumonia in intubated patients: Respective
role of mechanical subglottic secretions drainage and stress ulcer
prophylaxis. Intensive Care Med 1992;18:20-5.

16.  Kollef MII, Skubas N.J, Sundt TM. A randomized clinical trial of
continuous aspiration of subglottic secretions in cardiac surgery
patients. Chest 1999;116:1339-46.

17.  Combes P, Fauvage B, Oleyer C. Nosocomial pneumonia in mechanically
ventilated patients: A prospective randomised evaluation of the Stericath
closed suctioning system. Intensive Care Med 2000;26:878-82.

18.  Berwick DM, Calkins DR, McCannon CJ, Hackbarth AD. The 100,000
Lives campaign: Setting a goal and a deadline for improving health care
quality. JAMA 2006;295:324-7.

19. Pugin J, Auckenthaler R, Mili N, Janssens JP, Lew PD, Suter PM.
Diagnosis of ventilator-associated pneumonia by bacteriologic analysis
of bronchoscopice and non-bronchoscopic "blind" bronchoalveolar lavage
fluid. Am Rev Respir Dis 1991;143:1121-9.

20.  Knaus WA, Draper EA; Wagner DP, Zimmerman JE. APACHE II: A
severity of disease classification system. Crit Care Med 1985;13:818-29.

21.  Wunderink RG. Clinical eriteria in the diagnosis of ventilator-associated
pneumonia. Chest 2000;117(4 Suppl 2):1915-48.

o

jo2l

jo's)

17



Indian Journal of Critical Care Medicine July-September 2011 Vol 15 Issue 3

oo
o

30.

31.

2apazian Li;, Thomas P, Garbe 1, Guignon I, Thirion X, Charrel J,
et al. Bronchoscopic or blind sampling techniques for the diagnosis
of ventilator-associated pneumonia. Am .J Respir Crit Care Med
1995;152:1982-91.

Pugin J. Clinical signs and scores for the diagnosis of ventilator-
associated pneumonia. Minerva Anestesiol 2002;68:261-5.

Chastre J, Fagon JY. Ventilator-associated pneumonia. Am .J Respir
Crit Care Med 2002;165:867-903.

Rello J, Ollendorf DA, Oster G, Vera-Llonch M, Bellm L, Redman R,
et al. Epidemiology and outcomes of ventilator-associated pneumonia
in a large US database. Chest 2002;122:2115-21.

National Nosocomial Infections Surveillance (NNIS) System Report,
data summary from January 1992 to June 2002, issued August 2002.
National Nosocomial Infections Surveillance System. Am .J Infect
Control 2002;30:458-75.

Dezfulian €, Shojania K, Collard HR, Kim M, Matthay MA, Saint
S. Subglottic seeretion drainage for preventing ventilator-associated
pneumonia: A meta-analysis. Am .J Med 2005;118:11-8.

Bouza E, Pérez M.J, Muiioz P, Rincon C, Barrio JM, Hortal J.
Continuous aspiration of subglottic secretions in the prevention of
ventilator-associated pneumonia in the postoperative period of major
heart surgery. Chest 2008;134:938-46.

Smulders K, van der Hoeven I, Weers-Pothoff I, Vandenbroucke-
Grauls C. A randomized clinical trial of intermittent subelottic
secretion drainage in patients receiving mechanical ventilation. Chest
2002;121:858-62.

Krein S, Kowalski CP, Damschroder L, Forman J, Kaufman SR, Saint
S. Preventing ventilator-associated pneumonia in the United States:
A multicenter mixed-methods study. Infect Control Hosp Epidemiol
2008;29:933-40.

Lasocki S, Lu Q, Sartorius A, Fouillat D, Remerand ¥, Rouby .J.J.
Open and closed-circuit endotracheal suctioning in acute lung injury:
Efficiency and effects on gas exchange. Anesthesiology 2006;104:39-47.
Maggiore SM, Lellouche F, Pigeot .J, Taille S, Deye N, Durrmeyer
X, et al. Prevention of endotracheal suctioning-induced alveolar
derecruitment in acute lung injury. Am J Respir Crit Care Med
2003;167:1215-24.

Dispatch and return notification by E-mail

34.

30.

36.

38.

39.

40.

41.

Johnson Kl Kearney PA; Johnson SB, Niblett JB, MacMillan NI,
MeClain RE. Closed versus open endotracheal suctioning: Costs and
physiologic consequences. Crit Care Med 1994;22:658-66.

Cobley M, Atkins M, Jones PL. Environmental contamination during
tracheal suction. A comparison of disposable conventional catheters
with a multiple-use closed system device. Anaesthesia 1991;46:957-61.
Rabitsch W, Kostler W.J, Fiebiger W, Dielacher C, Losert I, Sherif C,
et al. Closed suctioning system reduces cross-contamination between
bronchial system and gastrie juices. Anesth Analg 2004;99:886-92.
Zeitoun S8, de Barros Al Diceini S. A prospective, randomized study
of ventilator-associated pneumonia in patients using a closed vs. open
suction system. J Clin Nurs 2003;12:484-9.

Vonberg RP, Eckmanns T, Welte T, Gastmeier P. Impact of the
suctioning system (open vs. closed) on the incidence of ventilation-
associated pneumonia: Meta-analysis of randomized controlled trials.
Intensive Care Med 2006;32:1329-35.

Jongerden IP, Rovers MM, Grypdonck M, Bonten M.J. Open and
closed endotracheal suction systems in mechanically ventilated intensive
care patients: A meta-analysis. Crit Care Med 2007;35:260-70.
Subirana M, Sola I, Benito S. Closed tracheal suction systems versus
open tracheal suction systems for mechanically ventilated adult patients.
Cochrane Database Syst Rev 2007;4:CD004581.

Siempos 11, Vardakas KZ, Falagas ME. Closed tracheal suction systems
for prevention of ventilator-associated pneumonia. Br J Anaesth
2008;100:299-306.

Fartoukh M, Maitre B, Honoré S, Cerf C, Zahar JR, Brun-Buisson
(. Diagnosing pneumonia during mechanical ventilation: The clinical
pulmonary infection score revisited. Am J Respir Crit Care Med
2003;168:173-9.

How to cite this article: Juneja D, Javeri Y, Singh O, Nasa P, Pandey R,
Uniyal B. Comparing influence of intermittent subglottic secretions drainage
with/without closed suction systems on the incidence of ventilator associated
pneumonia. Indian J Crit Care Med 2011;15:168-72

Source of Support: Nil, Conflict of Interest: None declared.

The journal now sends email notification to its members on dispatch of a print issue. The notification is sent to those members who have provided
their email address to the association/journal office. The email alerts you about an outdated address and return of issue due to incomplete/incorrect
address.

If you wish to receive such email notification, please send your email along with the membership number and full mailing address to the editorial
office by email.

172



