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Table 1. Centers for Disease Control and Prevention National Healthcare Safety Network clinical definition for
ventilator-associated pneumonia (PNU1)

Patients must fulfill radiographic, systemic, and pulmonary criteria:

Two or more serial radiographs with at least One of the following Two of the following
one of the following

New or progressive and persistent infiltrate Fever (>38°C or >100.4°F) New onset of purulent sputum or change
in character of sputum or increased
respiratory secretfions or increased
suctioning requirements

Consolidation Leukopenia (<4000 WBC/ul) New onset or worsening cough,
or leukocytosis (>12000 WBC/pl) or dyspnea, or tachypnea

Cavitation For adults =70 years old, altered Rales or bronchial breath sounds
mental status with no other
recognized cause

Worsening gas exchange (e.g. oxygen
desaturations, increased oxygen
requirements, or increased ventilator
demand)

WBC, White blood cell.

Klompas, Curr Opin Infect Dis 2012, 25:176-182
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FIGURE 1. Mean ventilator-associated pneumonia (VAP) rates and counts of hospitals reporting to the Centers for Disease
Control and Prevention (CDC)’s National Nosocomial Infection Surveillance system and the National Healthcare Safety
Network, 2004-2009.

Klompas, Curr Opin Infect Dis 2012, 25:176—182







increc s) over "rh“e daily minimum
FiO2 in the baseline peri - 2 calendar days

increase in daily minimum PEEP values of > 3 cm H2O over the daily minimum
(ZEEP to PEEP 5 cm H2O equivalent)




Oh. . '”or < 96.8

 deg )00 cells/mm3

=

initiation of ew anti - with cor tinuation for > 4 calendar days




sholds as outlined

ni- 'uqn'ri'rq'rive result)
osult)

vantitative result)

' O
One of the followmg positive tests: T
pleural fluid culture, lung hls'ropa’rhology, dlagnoshc test for Legionella species, diagnostic test on
respiratory secretions for influenza virus, respiratory syncytial virus (RSV), adenovirus, parainfluenza virus, rhinovirus; )

human metapneumovirus, or coronavirus







ce with
prevention rec tes over time, the
agreement ( k statistic) bet orbidity/mortality, and
independent risk factors for each were deter gm——




\

Table I—Dqﬁniﬁmrs ﬂrf VACs, itVACs, and VAP

Syndrome

VAP

Diefinition

New or progressive and persistent infiltrates on
a chest radiograph plus 2 of the following:
abnormal WBC count (<2 4,000 WBC/pL
or = 12,000 WBC/pL), presence of fever or

hypothermia( < 36°C or = 38°C), purulent sputum,

and deterioration in gas exchange
An increase in daily minimum PEEP =3 em H,O
or an increase of the daily minimum Fio, = 0.20
sustained for =2 calendar days in a patient who
had a baseline period of stability or improvement
on the ventilator, defined by =2 calendar days of
stable or decreasing daily minimum F1o, or FEEP
An episode of VAC associated with alterations in
WBC count (= 12,000 cells/pL or = 4,000 cells/p.L)
or temperature (= 38°C or < 36°C) within
2 calendar days of the start of the VAC
and = 4 days of new antibiotics

iVAC = infection-related ventilator-associated complication; PEEP =

positive end expiratory pressure; VAC = ventilator-associated condition;
VAP = ventilator-associated pneumonia.

Muscedere, CHEST 2013, 144(5):1453—-1460




Patients with a VAC Patients with a VAP
diagnosis: - ™ diagnosis:
139/1320 (10.5%) - i T 148/1320 (11.2%)

VAC Diagnosis
only:
61 (44%)

ivAC
diagnosis | and iVAC
Total iVAC only: " diagnosis:
diagnosis: 39 (50%) 26 (40%)
65 (47%)

F1GuRE 1. The relationship between VAP, VAC, and iVAC. iVAC = infection-related ventilator-associated
complication: VAC = ventilator-associated condition; VAP = ventilator-associated pneumonia,

Muscedere, CHEST 2013, 144(5):1453—-1460




Table 4—Comparison Between the Patients Whao Derefﬂperf VAC and Those Who Did Not

Measure

VAC (n=139)

Non-VAC (n=1,181)

Age, mean = SD.y
Women, No. (%)

ICU admission diagnosis, No. (%)

Medical

Surgical: elective

Surgical: emergency
APACHE II, mean = 5D

62.2* 16.7
52 (37.4)

[
=
it}
=]
L
=

[a—
=
R

293172
476 (40.3)

870 (73.7)
90 (7.6)
221 (18.7)
23.1x76

Comorbidities, mean = 5D

SOFA on day of enrollment, mean + SD

Days in hospital before ICU admission, median (ql, g3)
ICU LOS, median qul, q3:l, d 1 Q 12.1, 31.6) 9.0 (5.8, 14.9)
Hospital 1.OS, median (ql, q3), d 31.7 (19.0, 59.9) 21.8 (12.1, 42.6)
Duration of MV, median (ql, g3}, d 15.4 (9.8, 26.6) 6.2 (3.9, 10.5)
No. days on antibiotics 15573 9.0*6.5
Hospital mortality, No. (%) 69 (49.6) 374 (31.7)

22*1.8
44*+32
0. 2 3.1) 0.4(0.1,2.2)
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See Table 1 and 2 legends for expansion of abbreviations.

CHEST 2013, 144(5):1453-1460




Table 5—Com parison Between Patients Whao Drzrefﬂped iVAC and Those Who Did Not

Measure

iVAC (n=65)

Non-iVAC (n=1,255)

P Value

Age, mean = SD.y
Women, No. (%)
ICU admission diagnosis

Medical

Surgical: elective

Surgical: emergency
APACHE 11, mean = 5D
Comorbidities, mean = SD
SOFA on day of enrollment, mean * SD
Days in hospital before ICU admission, median (ql, q3)
ICU LOS, median (ql, gq3). d
Hospital LOS, median (ql, q3), d
Duration of MV, median (g1, q3), d
No. of days on antibiotics
Hospital mortality, No. (%)

56.8 * 18.5
28 (43.1)

70.4

Er

).0)
3"2.&- 7.9

1.8 18
3.7x3.1

0.5 (0.1, 2.5)
22.0(13.7, 35.9)
34.6 (21.58, 59.9)
16.9 (11.6, 27.7)
17.8X6.7

29 (44.6)

49 (7
34
3 (2

o858+ 17.1
300 (39.8)

923 (73.5)

101 (8.0)
231 (18.4)

23075
22+18
43+ 32
0.4(0.1, 2.3)
9.3 (5.9, 15.6)

22.5(12.4, 43.6)

6.4 (4.0, 10.9)
93X6.6
414 (33.0)

085
29
56

16
03
007
16
<2.0001
03
<0001
<2.0001
07

See Table 1 and 2 legends for expansion of abbreviations.

CHEST 2013; 144(5):1453-1460




Table E—{fompﬂrimn Between the Patients Whao DE!.‘E’DPEJ VAP and Those Who Did Not

Measure VAP (n=148) Non-VAP (n=1.172) P Value

Age, mean = SD, y 343+ 19.0 60.3 * 16.8 0002
Women, No. (%) 34 (36.3) 474 (40.4)
ICU admission diagnosis
Medical 100 (67.6) 872 (74.4)
Surgical: elective 15 (10.1) 89 (7.6)
Surgical: emergency 33 (22.3) 211 (18.0)
APACHE II, mean = 5D 221*+7.8 23.1+75
Comorbidities, mean = SD 1.8+ 1.7 22+1.8
SOFA on day of enrollment, mean *+ SD 4.4+3.0 45+32
Days in hospital before ICU admission, median (ql, g3) 0.2 (0.1, 1.7) 0.4 (0.1, 2.3)
ICU LOS, median (ql, g3), d 17.8 (11.7, 27.9) 9.0(5.8, 14.9)
Hospital LOS, median (ql, q3), d 30.9 (16.0, 535.7) 22.2(12.3, 42.4)
Duration of MV, median (ql, q3), d 13.6 (8.7, 23.4) 6.2 (3.9, 10.6)
No. of days on antibiotics 153.5+7.0 9.0x6.5
Hospital mortality, No. (%) 47 (31.8) 306 (33.8)

See Table 1 and 2 legends for expansion of abbreviations.

CHEST 2013; 144(5):1453-1460
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“The mic 1 Microbiome Project as
the collective genetic | elongs to all the microbial species
that live in an environment — in our case the human body.”

Massimiliano, Curr Opin Infect Dis 2016, 29:160-166
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Marino, Journal of Critical Care 2017; 39:149-155
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Dental plaque - Top 20
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Fig. 4. Most abundant spedes detected in dental plaque.

Marino, Journal of Critical Care 2017; 39:149-155
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ETT- Top 20
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Fig. 5. Most abundant species detected in ETT biofilms.

Marino, Journal of Critical Care 2017; 39:149-155
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NBLs - Top 20

Corynebacterium_accolens
Streptococcus_oralis
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Fig. 6. Most abundant species detected NBLs.

Marino, Journal of Critical Care 2017; 39:149-155
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Diversity analysis for different sample types

Diversity analysis for different sample types
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Fig. 1. a, Chao analysis of similarities in the diversity of the microbiomes of dental plague, NBLs, and ETTs. b, Shannon analysis of similarities in the diversity of the microbiomes of dental

plague, NBLs, and ETTs.




Obstruction (%)

1IN

Duration of intubation (d) obstruction

5 5 7 21 7 Mean

Fig. 3. Percentage of tube obstruction according to the duration of intubation. Each bar represents a single subject (measurements could
only be performed for 19 subjects; see text).

Danin, Respir Care 2015;60(1):21-29.
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Description and Microbiology of Endotracheal Tube Biofilm
In Mechanically Ventilated Subjects

Table 2. Frequency of Organisms Isolated in Tracheal Tube Biofilm

Cocci Gram-Positive
Staphylococcus aureus
Staphylococcus coagulase negative
Enterococcus species
Streptococcus species

Bacilli Gram-Negative
Pseudomonas aeruginosa
Acinefobacter baumannii
Klighsiella pnewmoniae
Proteus mirabilis
Enterobacier species
Cirobacter species
Morganella morganii

Candida albicans

21)

Subject Tracheal Aspirate

Pseudomonas aeruginosa
Candida albicans
Stenofraphomonas maliophilia
Alcaligenes xylosoxidans
Staphylococcus aureus
Proteus mirabilis
Enterobacter aerogenes
P aeruginosa

C. albicans

P. aeruginosa

P aeruginosa

C. albicans

No documentation

L
8.

5
3
8.3
3
3

o oo

Dtz are given as percentage of analyzed mibes.

Table 3. Comparison Between Clinical Documentation (Tracheal
Sample) and Bacterial Culture of Endotracheal Tube
Biofilm in Subjects With Hospital (Subject 18) or
Ventilator-Acquired Pneumonia (Subjects 2, 4, 10, 19, and

Microorganisms in
Biofilm
P aeruginosa
C albicans
5. maltaphilia
A xylosoxidans
NA
NA
NA
P aeruginosa
C albicans
Seudomonas aeruginosa
P aeruginosa
C albicans
Acinetobacter baurmanii,
methicillin-resistant
5. aureus, 5. maltophilia,
Sireptococcus mitis,
non-albicans Candida

Except for subject 21, the same microorganisms were found in both sites.

Danin, Respir Care 2015;60(1):21-29.




Mature biofilm
- Multiple species
- Quorum sensing

O

MICROBIOME, BIOFILMS, PNEUM .
1\]

Mobility
Faster growth
W Higher virulence
Abx susceptibility
Demand for nutrients )

FIGURE 1. Biofilm formation. The first step of biofilm formation is the reversible attachment to a surface through aspecific
interactions between the bacterial wall and the substrate. The contact triggers the microorganism into strengthening the
reversible cell-substrate bonds and into synthetizing and releasing extracellular matrix components. As the colony grows and
acquires a mushroom-ike architecture, the matrix allows other species to attach to the developing colony. At maturity, the
biofilm is capable of releasing part of its colonies into the environment, to further colonize distant surfaces.

Massimiliano, Curr Opin Infect Dis 2016, 29:160-166




VAP pathophysiology: the ET T-related injury

' al microbiome, teeth and plaque
ndoluminal biofilm

ccumulation of secretions above inflated
- cuff

--Dependent leak (micro-channels,
positioning, cuff pressure, transport, etc.)
--Mucosal damage

Impaired mucociliary clearance

Massimiliano,

Curr Opin Infect Dis 2016, 29:160-166




‘Suction System™

Liu, Pediatr Crit Care M . J— ®
Mechanical cleaning with a sterile urethral catheter reduced bacterial colonization, prevented biofilm

Reported to have decrease in prevalence of VAP ‘




PREVENTION

n Critical Care Trials

Group 2008 recommendations fo - prevention of VAP
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http://www.dynamed.com/topics/dmp%7EAN%7ET909141/Prevention-of-ventilator-associated-pneumonia#Synthesized-Recommendation-Grading
http://www.dynamed.com/topics/dmp%7EAN%7ET909141/Prevention-of-ventilator-associated-pneumonia#Non-invasive-ventilation
http://www.dynamed.com/topics/dmp%7EAN%7ET909141/Prevention-of-ventilator-associated-pneumonia#Synthesized-Recommendation-Grading

r patients

nendation).

(Coc y reduce clinically
suspected AP com e p smon However the evidence is
seriously limited W|’rh a hlgh risk of bias. No qdequq’re evidence is available to
draw any definitive conclusion on other outcomes and the comparison of alternative
semi-recumbent positions. Adverse events, particularly venous thromboembolism,
were under-reported.”

* Maintain ventilator circuits and change them only if visibly soiled or malfunctioning.
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http://www.dynamed.com/topics/dmp%7EAN%7ET909141/Prevention-of-ventilator-associated-pneumonia#Synthesized-Recommendation-Grading
http://www.dynamed.com/topics/dmp%7EAN%7ET909141/Prevention-of-ventilator-associated-pneumonia#Elevation-of-the-head-of-the-bed
http://www.dynamed.com/topics/dmp%7EAN%7ET909141/Prevention-of-ventilator-associated-pneumonia#Synthesized-Recommendation-Grading
http://www.dynamed.com/topics/dmp%7EAN%7ET909141/Prevention-of-ventilator-associated-pneumonia#Maintenance-of-the-ventilator-circuit

n

LS from

ion of ICU

,and
oot e, and some weak
evidence t inse is more effectlve than
sallne/placebo : NC
VAP. There is |nsuff|C|ent ewdence to determme whether powered
toothbrushing or other oral care solutions are effective in reducing VAP. There is
also insufficient evidence to determine whether any of the interventions
evaluated in the studies are associated with adverse effects.”


http://www.dynamed.com/topics/dmp%7EAN%7ET909141/Prevention-of-ventilator-associated-pneumonia#Selective-decontamination-of-digestive-tract
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Damas, Crit Care Med 2015; 43:22-30

2,370 hospitalized patients
745 not ventilated
891 ventilated for less than 48 hours
734 ventilated patients
11 tracheostomies
352 intubations with conventional tube
3 did not give informed consent
2 under 18 year old
14 participations in the study

352 patients randomized

Group 2
N=182
without suctioning

Group 1
N=170
with suctioning

1 early tracheostomy 1 early tracheostomy
17 extubations within 48 hours 22 extubations within 48 hours

182 patients included in

170 patients included in the
the intent to treat analysis

intent to treat analysis

Figure 1. Flow chart of patients admitted to the ICUs between January 2012 and March 2013.
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Group 1
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Group 2

20
Time (days)
Group 1
At risk 170 17
New VAP cases 0 1

Group 2
Al rigk 7

New VAP cases

Figure 2. Cumulative rates of patients remaining free of ventilator-associated pneumonia (VAP) in group 1 with
subglottic suctioning and control group (group 2) using the Kaplan-Meier method. HR = hazard ratio.

Damas, Crit Care Med 2015; 43:22-30




TABLE 3. Primary and Secondary Outcomes

Outcomes

Patients developing any kind of infection after intubation with TIET, n (%)
Respiratory infection at any time, n (%)

Early pneumonia (< 48hr), n (%)

Ventilator-associated pneumonia during TIET, n (%)

Pneumonia after TIET withdrawal, n (%)

Patients with ventilator-associated condition, n (%)

Patients with infection-related ventilator-associated complication, n (%)
Duration of antibiotic treatment (d), median (IQR)

Antibiotic days during ICU stay (%)

Antibiotic days during TIET ventilation (%)

ICU length of stay, median (IQR)

ICU mortality, n (%)

Hospital length of stay (d), median (IOR)

Hospital mortality, n (%)

Standardized mortality ratio
TIET = teleflex ISIS endotracheal tube, IQR = interquartile range.

Damas, Crit Care Med 2015; 43:22-30

Group 1

Group 2

Experimental
(n=170)

54 (34.9)
35 (22.4)
8 (6.3

15(8.8)
14(72)
37 (22.0)
14 (82)
7 (3-14)
61.6
68.3
11(7-21)
63 (37.1)
47 (21-148)
78 (45.9)
0.85

Control
(n=182)

63 (39.0)
52 (32.7)
8(5.0)
32 (176)

14(75)
41(22.9)
21(11.5)
8 (6-13)
685
75.7
12(7-19)
74 (40.9)
49 (19-96)
93 (51.1)
0.99

0.45
< 0.0001
0.001
0.71
0.46
0.51
0.33
023
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510 records 1 article
identified identifed from
through reference list
database

searching

373 records 352 records
screened after excluded based
duplicates on title or
removed abstract

4 studies were
excluded:

One for use of

oral suctioning

One for use of
inspiratory

; ause manuever
21 studies P

assessed for Two for lack of
eligibility control group

17 studies
included in
quantitative
synthesis
(meta-analysis)

Figure 1. Preferred Reporting ltems for Systematic Reviews and Meta-

Caroff, Crit Care Med 2016; 44:830-840 Analyses study flowchart




SSD Control

Risk Ratio

Study or Subgroup Events Total Events Total Weight M-=H, Random, 95% ClI

Year

Risk Ratio
M=H, Random, 95% CI

Mahul 1992 70 21 75 32.8%
Yalles 1995 95 25 a5 5.5%
Kollef 1999 160 15 183 2.8%
Bo 2000 35 15 33 3.7%
Smulders 2002 75 12 75 1.3%
Girou 2004 8 6 10 3.5%
Lius 2006 48 10 50 13%
Liu Q 2006 41 30 45 B.5%
Lorente 2007 140 21 140 4.6%
Zheng 2008 30 16 31 4.6%
Yang 2008 48 20 43 5.6%
Bouza 2008 345 19 369 4.0%
Lacherade 2010 169 42 164 9.6%
Tao 2014 102 34 47 28.3%
Damas 2014 170 32 182 5.7%
Koker 2014 23 10 28 2.3%
Gopal 2015 120 25 120 5.0%

Total (95% CI) 1679 1690 100.0%
Total events 219 363

Test for overall effect: 2 = 7.71 (P < 0.00001)

0.46 [0.23, 0.93]
0.56[0.21, 1.01]
0.61[0.27, 1.40]
0.50 [0.25, 1.03]
0.25 [0.07, 0.85]
1.04 [0.50, 2.18]
0.31 [0.09, 1.07]
0.51[0.32, 0.82]
0.35 [0.19, 0.68]
0.58[0.21, 1.11]
0.54 [0.20, 0.97]
0.73 [0.37, 1.46]
0.58 [0.37, 0.90]
0.70 [0.54, 0.91]
0.50[0.28, 0.89]
0.61[0.24, 1.53]
0.52 [0.28, 0.97]

0.58 [0.51, 0.67]

Heterogeneity, Tau? = 0.00; Chi? = 12,12, df = 16 (P = 0.74); ? = 0%

1992
1995
1989
2000
2002
2004
2006
2006
2007
20083
2008
2008
2010
2014
2014
2014
2015

0.01 0.1 1 10
Favors SSD Favors Control

100

Figure 2. Ventilator-associated pneumonia in patients with subglottic secretion drainage (SSD) versus controls. M—H = Mantel-Haenszel.

Caroff, Crit Care Med 2016; 44:830-840




A

Study or Subgroup

SSD
Mean [days] SD [days]

Control
Total Mean [days] SD [days])

Total

Mean Difference
Weight IV, Random, 95% CI [days]

Year

Mean Difference
IV, Random, 95% CI [days]

Kollef 1999
Smulders 2002
Liu § 20086
Larente 2007
Zheng 2008
Bouza 2008
Lacherade 2010
Damas 2014

Total (95% CI)

3.3
4.4
14
15.91
2.6
5.3
10.6
11.87

Heterogeneity, Tau® = 0.96; Chi’ = 21.22, df =
Test for overall effect: Z = 1.37 (P = 0.17)

160
75
48

140
30

345

169

170

1137
70 =

19
7.1
15
11.1
10.4
1.9
10.8
10.87

0.003); I = 67%

5.1
5.4
10
15.19
0.9
3.8
14
9.79

183
75
50

140
EN

369

164

182

1194

19.5% -0.40 [-1.30, 0.50]
14.2% -1.30[-2.88, 0.28]
3.2% 0.00 [-4.83, 4.83)
5.2% -0.60 [-4.24, 3.04]
18.8% -2.50[-3.48, -1.52)
21.1% 0.10[-0.58, 0.78]
8.1% 0.10[-2.57, 2.77)
9.8% 0.84 [-1.44, 3.12)

100.0% -0.65 [-1.59, 0.28]
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Favors SSD Favors Control

Study or Subgroup

SsD
Mean [days] SD [days]

Total

Control
Mean [days] SD [days]

Total

Mean Difference

Weight 1V, Random, 95% CI [days]

Mean Difference
IV, Random, 95% CI [days]

Kollef 19939
Smulders 2002
Lius 2006
Lorente 2007
Bouza 2008
Lacherade 2010
Damas 2014

Total (95% CI)

1.5 33
5.8 4.4
15 14
10.5 15.91
2 53
10.9 106
11.71 11.87
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11.1
1.9
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10.87
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15.19
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14
9.79
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75
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164
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1163

29.1%
9.5%
1.0%
1.8%

50.8%
3.3%
4.5%

-0.40 [-1.30, 0.50]
-1.30[-2.88, 0.28]
0.00 [-4.83, 4.83]
-0.60 [-4.24, 3.04]
0.10 [-0.58, 0.78]
0.10 [-2.57, 2.77]
0.84 [-1.44, 3.12]

100.0% -0.16 [-0.64, 0.33]
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Heterogeneity: Tau? = 0.00; Chi? = 3.68, df = 6 (P = 0.72); P = 0%
Test for overall effect: Z = 0.64 (P = 0.52)

Abbreviations:
55D, subglottic secretion drainage; M-H, Mantel-Haenszel; Cl, confidence interval; IV, inverse variance; SD, standard deviation

Figure 3. Duration of mechanical ventilation in patients with subglottic secretion drainage (SSD) versus controls. A, All studies with available mean and sp
for duration of mechanical ventilation. One study (Zheng et al [36]) is an outlier relative to all other studies and leads to high heterogeneity on meta-analysis
(P = 679%). B, Findings on meta-analysis after excluding Zheng et al (36) (F = 0%). M—H = Mantel-Haenszel, IV = inverse variance.

Caroff, Crit Care Med 2016; 44:830-840




ICU Length-of-Stay
55D

A Study or Subgroup  Mean [days] SD [days] Total

Control
Mean [days] SD [days]

Mean Difference
Weight IV, Random, 95% CI [days]

Year

Mean Difference
IV, Random, 95% CI [days]

Kollef 1959 3.7 4.6 160
Smulders 2002 9.3 7.4 75
Lorente 2007 14.1 17.91 140
Bouza 2008 5.6 10.7 345
Zheng 2008 9.3 2.9 30
Lacherade 2010 15.9 14.4 162
Damas 2014 16.2 1252 170

Total (95% CI) 1089

Test for overall effect: 2 = 1.49 (P = 0.14)

SSD
Study or Subgroup  Mean [days] SD [days] Total

3.2
12.3
155

6.5
123
15.7

15.76

Heterogeneity Tau? = 1.92; Chi? = 16.62, df = 6 (P = 0.01); I = 64%

Control
Mean [days] SD [days]

22.5% 0.50 [-0.47, 1.47)
17.3% -3.00 [-4.86, -1.14]

6.9% -1.40 [-5.84, 2.04]
17.4% -0.90 [-2.74, 0.94]
15.0% -3.00 [-5.26, -0.74]

8.6% 0.20 [-3.60, 4.00)
12.3% 0.44 [-2.35, 2.23]

100.0% -1.04 [-2.40, 0.33]

Mean Difference
Weight [V, Random, 95% CI [days]

1999
2002
2007
2008
2008
2010
2014

-
S
—_—
—_—

————

’ 1 I

-5 5 10
Favors 55D Favors Control

Mean Difference

Kollef 1999 3.7 4.6 160
Lorente 2007 14.1 17.91 140
Bouza 2008 5.6 10.7 345
Lacherade 2010 15.9 144 169
Damas 2014 16.2 1352 170

Total (95% CI) 984

Test for overall effect: 2 = 0.41 (P = 0.68)

3.2 4.5
155 19.93
6.3 14.2
15.7 20.4
15.76 1315

Heterogeneity Tau? = 0.00; Chi® = 2.27, df = 4 (P = 0.69); P = 0%

66.3% 0.50 [-0.47, 1.47)
3.1% -1.40 [-5.84, 2.04]
18.3% -0.90[-2.74, 0.94]
4.3% 0.20[-3.60, 4.00]
8.0% 0.44[-2.35, 3.23]

100.0% 0.17 [-0.62, 0.95]

IV, Random, 95% CI [days]
B

:
-4
Favors SSD  Favors Control

Hospital Length-of-Stay
SSD
Study or Subgroup  Mean [days] SD [days] Total

Control
Mean [days] SD [days)

Mean Difference
1V, Random, 95% CI [days]

Mean Difference

Kollef 1999 11 112 160
Smulders 2002 26.8 233 75
Lius 2006 30 31 48
Bouza 2008 14 25.4 345
Damas 2014 34.92 3256 170

Total (95% Cl) 798

Test for overall effect: 2 = 0.60 (P = 0.55)

12.4 14.2
283 28.2
32 19
137 17.4
33.27 26.36

Heterogeneity: Tau? = 0.00; Chi? = 1.26, df = 4 (P = 0.87); I’ = 0%

140 [-4.09, 1.29]
-1.50 [-9.78, 6.78]
-2.00 [-12.23, 8.23]
0.20 [-2.91, 2.51]
1.65 [-4.56, 7.86]

=0.57 [-2.44, 1.30]

IV, Random, 95% CI [days]
—B-

——

. *
o 0 100 20

Favors S8D Favors Control

Figure 4. Length of stay in patients with subglottic secretion drainage (SSD) versus controls. A, All studies with available mean and so for intensive care
length of stay. Two studies (Smulders et al [12] and Zheng et al [36]) have very small sbs in the control and treatment arms, respectively, that lead to high
heterogeneity on meta-analysis (7 = 649%). B, Findings on meta-analysis after excluding these two studies ( = 0%). IV = inverse variance.

Caroff, Crit Care Med 2016; 44:830-840




SSD Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Mahul 1992 17 70 16 75 3.0% 1.14 [0.62, 2.07] 1992 —
Yalles 1995 39 95 35 95 83% 1.11[0.78, 1.59] 1995 T
Kollef 1999 6 160 8 183 1.0% 0.86[0.30, 2.42] 1999
Smulders 2002 12 75 10 75 1.8% 1.20[0.55, 2.€1] 2002
Liu Q 2006 18 41 13 45 3.2% 152 (0.86, 2.70] 2006
Liu s 2006 5 43 11 50 1.1% 0.47 [0.18, 1.26] 2006
Lorente 2007 26 140 32 140 5.0% 0.81[051, 1.29]) 2007
Yang 2008 32 48 29 43 12.8% 0.99[0.74, 1.32] 2008
Zheng 2008 8 20 12 21 1.9% 0.69[0.33, 1.44] 2008
Bouza 2008 324 345 35 269 53% 1.04 [0.66, 1.63] 2008
Lacherade 2010 80 169 84 164 22 3% 092 074, 1.15]) 2010
Tao 2014 48 102 29 47 1l.4% 0.76 [0.56, 1.03] 2014
Damas 2014 78 170 93 182 22.7% 0.90[0.72, 1.11) 2014
Gopal 2015 2 120 1 120 0.2% 2.00[0.18, 21.76) 2015

Total (95% CI) 1613 1619 100.0% 0.93 [0.84, 1.03])

Total events 405 408
Heterogeneity. Tau® = 0.00; Chi® = 9.89, df = 13 (P = 0.69); I’ = 0% o’z 0=5 1] ;' §
Test for overall effect: Z = 1.21 (P = 0.19) Favors SSD

Favors Control

Figure 5. Mortality rates in patients with subglottic secretion drainage (SSD) versus controls. All studies that provided mortality data regardless of mor-
tality time point were included. Analyses restricted to studies that reported ICU mortality and hospital mortality, respectively, are reported in the text.
M-H = Mantel-Haenszel.

Caroff, Crit Care Med 2016; 44:830-840




* Possible drainage port occlusion

* Cross contamination wall regulator




Figure 2. Automated Intermittent Subglottic Secretion Aspiration System.
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Method

Continuous

Wall Suction or General Suction

Traditional Approaches
Intermittent

Wall Suction or General Suction

Syringe

Automated Approach
Intermittent

Specialized Suction Device

Pressure

-20 mmHg (may be too low to
aspirate viscous secretion and
increased above recommended
guidelines)

-150 mmHg {(high frequency
aspiration - virtually continuous
at a much higher pressure)

-580 to -720 mmHg
(nearly 4-5 times higher
than recommended)

Tailored by patiert,
-50to -150 mmHg

Accuracy of Pressure Delivered

Mot reliable

Mot reliable

Ahways Higher than
recommended Guidelines

Accurate/reliable

Frequency

Continuously, 24/7

Aspirating virtually continuously
with short pauses (16 seconds),
24/7

Hourly (often less regularly)

Tallored by patient, Aspiration
for 10 - 20 seconds and pause for
5-20minutes, 24/7

Daily Aspirations

Non-5top Aspiration

1,440 - 3,600 aspirations daily

24 aspirations daily

24 -144 azpirations daily

Moise Level

Highly Noijsy

Highly Maisy

Mone

Quiet

Staff Time (per bed per day)

10 minutes

10 minutes

120 minutes

10 minutes

| | Volume of Secretions

10-30ml

10- 30 ml

30 ml

100- 500 ml

FDA Cleared

Mo

Mo

Mo

Yes

Specifically Designed for S5D

No

Mo

Mo

Yes

Potential for Cross Contamination

Minimized

Cozean J, Benefits of automated intermittent subglottic secretion drainage. Respiratory Therapy 2015;10:4:27-28
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Determination of the amount of Negative Pressure that is generated by

Syringe using various size Syringes (Bench Test)

Various size syringes 2, 5, 10 and 20 ml syringes were utilized to measure the amount of Negative
Pressure that each syringe generates. A calibrated pressure sensor was used to measure the amount of
negative pressure in mmHg. For each syringe the test was repeated 3 tumes and the results are tabulated
m the following table. The photo below demonstrates how the syringe 1s connected via a tube to the
pressure measuring device.

This bench test', clearly demonstrates that the larger the syringe, the higher the negative pressure it
generates. The most common size syringe used in hospitals for removal of secretion from respiratory
airway 1s 10 ml syringe. As it 1s shown in the table below, all size syringes generate negative pressure in
excess of the -770 mbar or -578mmHg which 1s quite high and four (4) times the AARC recommended
MAXIMUM pressure range of -200 mbar or -150 mmHg. The results of this bench test are in line with
other published test and data demonstrating the fact that syringes do generate higher suction pressure.””

Test to measure peak vacuum pressure of syringes with different volumes
Vacuum / Pressure [mmHg]
Volume of Syringe

Average

-578 -578 -578 -578

_67 1 _67 1

-706 -706 -706 -706

-7 2 2




A Single-center, Randomized Controlled Study Comparing the Efficacy of the Simex Automated
Intermittent Subglottic Aspiration System in the Prevention of Ventilator-associated Pneumonia and
Ventilator-associated Events in Long-term, Tracheostomized, Mechanically-ventilated Patients

Jerry Gentile, BSRT, BSHA, MBA, MPH, EdDic), RT, RRT |

Alphonso Quinones,

Introduction

Director, Cardiopulmonary Services |

Ventilator-acquired preumonia (VAF) continues to be a significant cause of morbidity and mortality, |r|:rml|:|:| hospital stays, increased antibiotc

lmnaﬂlmm:mduﬂmHhPlﬂEumnumnmnn:ﬂpmumnﬂbmummmm-* i

Research that

amang

patients (Dawis, K., 2006).
| secretions ino the sterils lower

o of VAP; p ing asparation of oo

uvﬂrtmy1mnmﬂynmu:nmgViPpnnmm:rpunmﬁﬂuampdmmu mmmdmﬁnc:ﬂdnmmiumedﬂtndnmumlmumnunﬂm
SIMEX furtomated Intsmmittent Subglottic Aspiration System has been ufilized in Europs, in ower 1000 patisnts, with ex osllent oiinical outcomes.

Thies Randomizsd Control Tzl (RCT), the first of its typs in the world, measursd the offects of the SIMEX A i1 i S

bighottic Aspiration

System in a long-term, £0-bed ventilator unit. Working in conjunction with a S5-step VAP protocod, the SIMEX Subglottic Aspiration System yielded

significant postive clinical ocutoomss.

Importance of VAP Prevention

= WAP mies am imporiont in long form vantlesor
units due 1o £5% increass in morsity miss
[lormhin, EH., et al, 2001}

= VAP in msponsbls for incmassd morbidity mies,
decrensed rewsnues, noreesed dumtion on
rmrecharicsl ventiation, and treatment oosts thet
ey evceed 340,000 {Guter], G, 2013).

RCT Methedology

= 25 patierits randomired 1o tmatment — [designatsd
Group A, devics group) Ses Figure 1.

= 15 patients — (designated Group B, non-devices
cortrd grougl.

= RCT wexs 4 months in dunstion.

= Amount of aspicte ecorded daily

» Poriax Blusine subglottic tmchacstomy fubs —with
domsal hemen —wes used for subgiotic socess.

» Mozt afiective settings ussd in the trial wes suction
pressure -150 mmiHg /12 -second sudion
dumtion' | (-minute suction inferls.

Clinical Problems Associated
with Tracheostomy Tubes

* Due in tmchecsiomy tubs placement, nommal ainmy
defense mechansms o compromised.

= [ bacteria are introduced into $he nomally seds
Iower aireery — coloniation and infection begin.

= Tracheoshomy tubes disnupt the mucocilinry
sscnkaton and impair the cough nedec

= Trcheotomy tubes can cxuse injury to the
trechenl tmsue.

Redefining Tracheal Cuff
Prassures

» The trachsostomy ouf is used o seal ainsay 1o
provide positive pressuns machanical wentlation.

= The cuff can provide a pletiom fior seortions o
ol erd eesntunly sk amound the cufl
= Most Respirsiory Therapists sof ouff pressues
o “minirmally cochuded volume™ — botwean
20-25 ernli0.

= Cur research found that “mirimely oocluded
volume” pressures am oo low 1o provent leakege of
contaminaled secretions.

= Wiz found thet cuff pressues of 30 om0
[+ & omHp0) ar ideal for keak prevention. Resulis
e simiker to [Chendmsckbar, A ot ol, 2003,
= fuermge ouf pressures in RCT wers 28-33 amHAD
withoast adverss rachoal wall damage or patient
discomion.

Respiratory Care Protocol

# Onoe admisad, Respimiony Therapist changes
rmchecstormy fube o subgiotic version.

= Patiert is connoctad to SIMEX Autormatad
Intrmittent Subglotic Aspimrtion System.

= Active humidiicaion is discontinued and seiched
o Haat and Maoisture Exchanger HME]L

* Medication nebulcers ene discontinued and swilch
to MDis.

Eastchester Rehabilitation & Healthcare Center, Bromx, NY
DHA, MA, RT, RRT-MPS, RPFT, RPSGT, CCT, AE-C, FACHE | Associate Professor of Alled Healthcare Science, Molloy College, Rockville Centre, NY

= VP Protoool sbows difemntistion betwesn

» [f pafiant is sdmittsd io the ventilsbor unit and spies
& ternperatuns within 48 hours, patient is worked
up for a possible VAP - gonsidensd & community-
acouired VAF.

* E-step VAP progrem initisied: (1) hasd of bed 30-
25 degress; [7} [T prophyiwas: (3) proton pump
inhibitor; (4] chiorhenddine 0.12% oml rin=e; and {5
Benchmarks Prior to Introduction
of SIMEX Automated System and
MNew VAF Protocol

= Pricr to uss of SIMEX subglottic devices VAP mes
avomged 1E2E% —with VAP protooc] in plocs.

= Trensters to hospitel with VAP aveeged 506,
= Mortality rates for tersfemed patiens svemged 50%.
Fhspm!nrylhempsl: rmenunly smpimied subgiosic
paorts daufhit — very abor intensive.

» Avernge manunl suction volume with 20cc syringe -
30-40 micleye

. m.l:hmpmsmlmwrhED«x "ymgewcm

racheal tssue damege

= Difficult bu.:q:lymﬁl:m and| safe suction prssus,
= Mo wary D ersure madmal espiration of sibglotio
wohurma.

3

EASTCHESTER

Randomized Controlled
Trial Resulis

* Initinl subglottic secretion volumes rnged babwean
E0-120mi diay. S Figuns 3.
= After “redefining” “minimal cochuded volume” —oolecied
subglotiic wolumes rmnged between 1304220 mil'day.
This indicated lnskages of subglottic secretions at wer
trachecstormy ouff pressues. Ses Fgums 3.

= Tracheostomy subgloSic suction port design and positon
Py an important role in eficency and afectiveness of
subglattic suctioning.

= hMacsmtion of Sssue sumounding the sioma decrassed
signiicantly resulting in less soled clothing and need for
frequent tmcheosiomy tis dhengss. See Figue 2.

= Conclusion of RCT — 26 patients on SIMEX devics Group
A moied in VAP rate of 8% wersus VAP e of 33% in 15
patient control Group B.

* Post ACT Statistics — 40 patisnts on SIMEX devics — past
B manths March — Octobee, 2015 - 2 confred WAP -
1 treasted in-howuse — 1 required trensier o hospital and
retuned within 7 days.

= Mo roaly with WP

* Respiztony therapists report SIMEX devios simple to

progrem, maintain, and monio.

Conclusion

The SIMEX Automated kntesmittent
Subglottic Aspiration System, working in
qunction with the E-stap VAP protocal,

Motice: no maosmtion
or soiled clothing

RGURE 3

Diptimal Suction Sotéings on tho SIMEX Astomatod Inteemittont Subglottic Aspiraion Device

Cuff Prasmmes

18 - 35 amHeD

&= - &0 omHD

0 - 35 omH0

significantly decreased the incidence of
V&P in our wantilator unit. These results
martality rate. We haws saved significant
facility resources and keep patients in
lbeds — incroasing revenue. We have also
decreased the 30-day transfer rates baok to
feeder hospitals, improving cur relationships.
il Emprosing patient care. Lasthy, we hawve
decreased time on mechanical ventilation
and improwed quality of s,

Poster Presanted at 2076 CHEST Amnual Meeting,
Los Angelss, Califomis
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Weaning Station, D epal
Asklepios Klinik Barmbek
Hamburg, Germany.




Table 1. Automated Subglottic Aspiration System Patients

o

o
B

o

Pathogen(s) Secretion/Daily Other Observations
Coronary artery bypass OP. Morganella morgagnii 100 ml mucopurulent Delirium
Cerebeller infarction (fecal smell) Dysphagia
Valve replacement. CHF. Diabetes | E.coli. Morganella morgagnii. 150-250 mucopurulent Delirium
Stenctrophemonas Dysphagia
55 day post esophagectomy for 400 ml Gastric regurgitation
cancer. COPD watery

Coronary artery bypass OP with 150 ml mucopurulent. 1400 ml Dysphagia
aortic valve replacement. Acute total collected within a few days Depression
persistent renal failure. Severe

critical iliness polyneuropathy.

Slow recovery due to axonal type

29 days post emergency 250-350 ml mucopurulent
coronary artery bypass OP.

Severe critical illness

polyneuropathy

48 hours post intubation for Stenotrophomonas maltohilia 50 ml mucopurulent. 600 ml total | Dysphagia

AECOPD collected within a few days Anxiety disorder

Intubated for pneumonia. MS for 400-600 ml watery Dysphagia

20years

AECOPD Enterobacter. 50-100 ml Delirium
Serratia Mucoid, hemorrhagic secretions Dysphagia

AECOPD. ICU weakness. E.coli. Pseudomonas. Klebsiella. 500-1000 ml watery Severe dysphagia
Multi resistant against 3-4 major
antibiotic classes.

92 days post ARDS, following Enterococcus resistant to 4 major De-cannulated but later died not
spondylodiscitis with sepsis and antibiotic classes wanting further treatment
fibrotic lung

37 days post pneumonia. Sepsis. 50-100 ml mucopurulent Delirium
Multiple organ failure. Severe Dysphagia
weakness

Valve replacement for Multi-resistant Klebsiella and E. 50 ml Delirium
endocarditis. ICU acquired coli Mucoid, hemorrhagic secretions
weakness

73 32 days post op for aortic Stenotrophomonas in sputum.
dissection Non-invasive ventilation

AECOPD. Extreme weakness Very resistant MRSA and 50-150 ml mucopurulent Dysphagia
Enterococcus

123 days post pulmonary Klebsiella in sputum on
embolism. Slightly obese non-invasive ventilation

Wolf, Respiratory Therapy 2016; 11:28-33




Figure 3. Example of watery secretions collected (400-600ml daily) —
Pat. # 7 in Table 1.
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Wolf, Respiratory Therapy 2016; 11:28-33



Figure 4. Example of watery secretions collected (500-1000ml daily) -
Pat. # 9inTable 1.

/) Wolf, Respiratory Therapy 2016; 11:28-33
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Sherpa Suction Guide
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