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Session Objectives = .<

« Outline the problem of secondary bacterial infections in the
COVID patient population

« Discuss key evidence based clinical intervention to prevent
ventilator associated pneumonia

« Demonstrate the impact of new technology in reducing
significant risk factors




Notes on Hospitals: 1859

“It may seem a strange principle to enunciate as the
very first requirement in a Hospital that it should do
the sick no harm.”

- Florence Nightingale

Advocacy = Safety






Ventilator Associated Pneumonia: Pre-Pandemic

e Ratesin US: 1-2.5 cases per 1000
vent days

e Premier Database 2012-20109:

/A Ventilator hospital acquire ventilator
pneumonia 25.6% (HAP requiring vent)

A Ventilator associated bacterial
pneumonia 47.9%

e VAP is associated with > MV days
and I ICU & hospital LOS

o Attributable mortality estimated to
be 4.0-13.5% (driven by underlying
condition)

e Financial cost of a VAP $19,325-
S80,013

Papazian L, et al. Intensive Care Med. 2020;46(5):888-906.

Wallace FA, et al. Anaesthesia 2015;70:1274-1280

Estimating the Additional Hospital Inpatient Cost and Mortality Associated With Selected Hospital-Acquired
Conditions. Content last reviewed November 2017. Agency for Healthcare Research and Quality, Rockville, MD.
https://www.ahrg.gov/hai/pfp/haccost2017-results.html

Zilberberg MD. CCM, 2021;online PDF
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https://www.ahrq.gov/hai/pfp/haccost2017-results.html

INFECTION CONTROL AND HOSPITAL EPIDEMIOLOGY MARCH 2012, VOL. 33, NO. 3

>

TABLE 3. Costs in a Matched Cohort of 2,144 Patients with Ventilator-Associated Pneumonia (VAP)
and 2,144 Patients without VAP

Cost, dollars, mean = SD°

Outcome type With VAP Without VAP P Difference in dollars (%)
Hospitalization 99,598 *+ 86,359 59,770 * 58,278 <.0001 39,828 (40.0)
Nursing time 3,369 + 16,487 2,980 = 14,109 568 389 (11.5)
Pharmacy 14,345 £ 16,992 8,547 = 14,497 <.0001 5,798 (40.4)
Antibiotic 1,947 + 4,095 1,011 £ 2,039  <.0001 936 (48.1)
Vancomycin 327 *+ 564 248 + 420 <.0001 79 (24.2)
Propofol for sedation 947 + 1,768 585 + 1,202  <.0001 362 (38.2)
Ventilator 4,710 = 6,251 2,184 £ 2,807 <.0001 2,526 (53.6)
Ventilator in ICU 3,716 + 4,479 1,909 + 2,304  <.0001 1,807 (48.6)
Respiratory therapy 2,650 * 4,007 1,496 + 2,539  <.0001 1,154 (43.5)
Chest x-rays 1,762 + 1,594 1,009 = 958 <.0001 753 (42.7)

NoTE. ICU, intensive care unit; SD, standard deviation.
* Costs represent medical direct and indirect costs (not Medicare charges). Costs were not additive
(eg, antibiotic and propofol costs were a subset of pharmacy costs).
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Relationship Between COVID 19 infection & Incidence of
Ventilator Associated Lower Respiratory Tract Infections

Multicenter retrospective
cohort/36 ICUs

All patients MV > 48hrs, if had
COVID 19 pneumonia, influenza
pneumonia or no viral infection on
admission

Measured ventilator-lower
respiratory tract infections (VA-
LRTI) (VAT & VAP)

1576 patients: COVID 19: VA-LRTI
50%, Influenza; 30.3%, No viral:
25.3%

100

80

(=23
=

VA-LRTIl incidence, %
&
T

1576 patients
COVID 19: VA-
LRTI 50%,
Influenza 30.3%,
No viral 25.3%

SARS-CoV-2

Gray's test, p<0.0001

0 7 14 21
MV duration, days

Fig. 1 The 28-day cumulative incidence of ventilator-associated lower respiratory tract infections. Cumulative incidence estimated using Kalbfleish
and Prentice method, considering extubation (dead or alive) within 28 days as competing event. VA-LRT! ventilator-associated respiratory tract infec-

tion, MV mechanical ventilation

28

Rouze A, et al. Intensive Care Med. 2021; Intensive Care Med. 2021 Feb;47(2):188-198. '



Bacterial Superinfection Pneumonia in COVID 19

Respiratory Failure > .{

Examined BAL samples from patients with
COVID 19 pneumonia requiring mechanical
ventilation

Subsequent BALs for Suspected VAP
(N=246)

A Sampled at time of intubation & identified episodes = New VAP

of VAP |
179 ventilated patients (June 2020) Persistence

A 90% 1 BAL procedure, 74.3% 48 hrs post intubation,
62.6% at least 1 during hospitalization Negative

= Superinfection | 12¢

Results:

A 44.4% of patients developed at least 1 VAP
A 20.8% of initial VAP multidrug resistant pathogens VAP rate: 45.2/1000 ventilator days
<4

Pickens CO, et al. medRxiv. 2021:2021.2001.2012.2024




Significance of VAP in COVID Patients:
A Systematic Review and Case Series

VAP Rates

b Ca S e S e ri e S & SySte m a t i C rEVi eW ( 5 St u d i e S) Study or Subgroup Ecvgr\lltl:,-‘ll':tal N::::;SWD}I;a' Weight M-H?:::d:::f;s% ) M-H.OR::;:;,“;S% [a}
Hue 2020 29 38 15 36 13.9% 4.51(1.66, 12.25)
. Luyt 2020 43 50 28 45 13.9% 3.73(1.37, 10.14] —
e COVID and Non COVID studies that i & B 2o LT el
d VA P . th th d I Rouze 2021 205 568 107 482 29.7% 1.98 [1.50, 2.60] - P_'0001
measu re USI ng e Sa me me o O Ogy Total (95% CI) 827 789 100.0% 3.17 [1.94, 5.18] -
Total events 374 205
e Outcome measures g b e i o1 02 o5 1 2 5710
A Mortality during hospitalization 26% 45%

A Secondary

* Mortality at ICU ICU Mortality

e LOS COVID-19  Non-COVID-19 0dds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Hue 2020 14 38 7 36 3.2% 2.42 [0.84, 6.95) =1
* VAP Luyt 2020 17 50 18 45  8.8%  0.77[0.34,1.78] —
Maes 2021 31 81 30 144 9.4% 2.36 [1.29, 4.30) S
. Razazi 2020 37 82 27 82 10.5%  1.67([0.89,3.16] 1 P=.01
L] y

® ReSU|tS. Morta“ty at 28 days Rouze 2021 164 568 125 482 68.0%  1.16(0.88, 1.52] -
Total (95% CI) 819 789 100.0% 1.33 [1.07, 1.66) <
Total events 263 207
Heterogeneity: Chi* = 7.80, df = 4 (P = 0.10); ¥ = 49% 0 1 042 045 i 2 5 104

COVID-19  Non-COVID-19 0dds Ratio 0dds Ratio Test for overall effect: Z = 2.59 (P = 0.010) Non-COVID-19 COVID-19

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

Hue 2020 13 38 4 6 17.1% 4.16[1.21, 14.33] —_—

Razazi 2020 6 82 25 82 34.1% 1.78[0.94, 3.39) T 26.3% 32.1%

Rouze 2021 166 568 132 482  48.8% 1.09 [0.84, 1.43] -

Total (95% CI) 688 600 100.0% 1,63 [0.87, 3.02] - P=.12

Total events 215 161

Heterogeneity: Tau’ = 0.19; Chi' = 5.74, df = 2 (P = 0.06); I = 65% + + y + . +

Test for overall effect: Z = 1.54 (F = 0.12) oﬁlun-%é\rln—?és ED\HD- 159 10

Lukasz L, et al in press



Impact of COVID on HAI’s in 2020 Compared to 2019: .
Data from NHSN ’

2020 Q1 2020 Q2 2020 Q3 2020 Q4

CLABS| @ a18% | B 27.9% ‘.‘ 46.4%

CAUTI ‘@' 21.3% | Nochanget B 12.7%
WVAE t 11.3% ' 33.7% ' 29.0%
SSI: Colon surgery ‘@ -9.1% | No Change! ‘@- -6.9%
SSI: Abdominal hysterectomy ‘@ -16.0% | No Change!' No Change! ‘@ -13.1%

Laboratory-identified MRSAbacteremia_@’ -7.2% ' 12.2% ' 22.5% ‘ 33.8%

Laboratory-identified CDI ‘@ -17.5% ‘@' -10.3% % -8.8% ‘@ -5.5%

Weiner-Lastinger LMPttb aman V, Konnor RY, et ITh impact of co virus disease 2019 (COVID-19) on healthca iated infections in 2020: A l

mm ry of data reported to th Nt IH althcare Safety Netwo kIf ctio C t ol & Hos, ptlEpdm ology. 2021114d 101017/ .2021.362
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What to Remember } .
<4

1. All patients with SARS-CoV-2 1. 50% of mechanically ventilated
are at increased risk of COVID-19 patients contract
bacterial infections Ventilator-Associated

». Infections in COVID-19 patients Pneumonia (VAP)
are often antibiotic resistant 2. COVID-19 + VAP = Increased

3. The risk of bacterial infections Mortality
is concentrated in the critically s Thus VAP prevention in COVID-
ill and mechanically ventilated 19 patients = decreased
population. mortality

<



Risk Factor Categories for Hospital
Acquired Pneumonia

e Factors that increase
bacterial burden or
colonization

e Factors that increase risk of
aspiration
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Single Ecosystem

e Entire respiratory tract is one
ecosystem

A Upper-nasal and oral cavities
A Lower-alveoli

e Not sterile environment

e Oral flora changes in hospitalized
patients

« Relationship between dental
plaque and pulmonary lavage fluid

' Huffnagle GB, et al. Mucosal Immunol. 2017 Mar;10(2):299-306

Johanson WG, et al. N Engl J Med. 1969 Nov 20;281(21):1137-40
Heo SM, et al. Clin Infect Dis. 2008 Dec 15;47(12):1562-70.

Vocal
Apparatus

\

Cardiac
notch

Diaphragm




Where does Pneumonia Start: Oral Bacteria
during Hospitalization & lllness

>

Oral cavity

A > 1 billion oral microbes

A 700-1000 species

A Replicate's 5 x in 24hr period
Disruption of Microbiome

A Plaque, gingivitis, tooth decay

A Reduced salivary flow/change in pH

24-48 hours for HAP pathogens in mouth

If aspirated =100,000,000 bacteria/ml saliva
into lungs iy

Scannapieco FA, Stewart EM, Mylotte JM.. Crit Care Med. 1992;20:740-745.
Langmore, S. et.al. (1998) Dysphagia. 13, 69-81

Loesche, W. 2012

httn://helios bto ed ac 1ik/bto/microbec/biofilm htm


http://helios.bto.ed.ac.uk/bto/microbes/biofilm.htm

What to Remember }

ventilator associated

pneumonia
endotracheal tube
contamination
forms at ET cuff
There is a direct correlation between
the amount of secretions getting in the . .
lungs and the severity of the infection contamination

inhaled into lungs
through tube or
around cuff




‘ ‘Even if you are on the
right track, you will get
run over if you just sit

there. , ,

Will Rogers




Building Blocks to Best Practice in Caring for Mechanically
Ventilated Patients

Ventilator Bundle: HOB 30, Deep Vein
Thrombosis (DVT) prophylaxis, Peptic Ulcer
Disease (PUD) prophylaxis, Sedation

interruption, Spontaneous breathing trial, daily
care with chlorhexidine

\ 4

VAP Bundle: HOB 30, Sedation interruption,
Spontaneous breathing trial, oral care 6x per day, CHG

rinse 2x per day, subglottic secretions drainage if
expected to be ventilated > 72hrs

http://www.ihi.org/resources/Pages/Tools/HowtoGuidePreventVAP.aspx '
www.ICUliberation.org



http://www.iculiberation.org/

Micro Aspiration during Sleep in Healthy Subjects ’ ’I

Prospective duplicate full-night studies

10 normal male’s 22-55 years of age
Methods:

* Radioactive 99 mTc tracer inserted into the nasopharynx

* Lung scans following final awakening

* No difference in sleep efficacy between 2 study nights

50%

In the lung parenchyma
Gleeson K, et al. Chest. 1997;111:1266-72

Results:



Body Position:

Supine versus Semi-recumbent (30-45 degrees)

Methodology

19 mechanically ventilated patients
2 period crossover trial

Study supine and semirecumbent positions over 2
days

Labeled gastric contents (Tc 99m sulphur colloid)

Measured q 30 min content of gastric secretions in
endobronchial tree in each position

Sampled ET secretions, gastric juice & pharyngeal
contents for bacteria

Torres A et. al Ann Intern Med 1992;116:540-543 '



Body Position: Supine versus Semi-recumbent

Results:

« Radioactive contents higher in \)\4 —
endobronchial secretions in supine _ . .
patients e L.

« Time dependent: Same microbes cultured in all 3 areas

| | * HOB: 32%
Supine: 298cpm/30min vs. . Supine: 68%

2592cpm/300min

HOB: 103cpm/30min vs.
216cpm/300min

Torres A et. al. Ann Intern Med 1992;116:540- 543 '



Oral Hygeine




What Does the Evidence Tell Ush L

Brush
CHG rinse alone
CHG rinse in Combination
Swab/Clean/Moisturize
Suction

All of the above

Comprehensive Oral Care Program




Literature Review: Oral Care
Impact of VAP

Comprehensive Oral Care:

« Reduction in VAP from 5.6 to 2.2 (Schleder B. et al. J
Advocate Health 2002;4(1):27-30)

e Reduction in VAP from 4.10 (2005) to (2.15) in 2006 with
addition of CPC & comprehensive oral care. Vent bundle &
rotational therapy already being performed

« Reduction in VAP from 12.0 to 8.0 (p=.060) with 80%
compliance, vent bundle already being preformed, 1538
patients randomized to control or study group, Additional
outcomes; B vent days (p=.05),2 ICU LOS (p=.05)2 time
to VAP (p=<.001) & reduction in mortality (p=.05) (Garcia R
et al AJCC, 2009;18:523-534)




Literature Review: Oral Care Impact of VAP ’ ’

Comprehensive Oral Care & CHG:

Reduction in VAP to zero for 2 years, vent bundle, mobility, oral care & CHG with
comprehensive education preformed (Murray TM et al. AACN Advanced Critical Care. 2007;18(2):190-

199)
Ventilator-Associated Pneumonia
rweinfir e fon Chabity Ipraweset (] Fdirwent
% 35’3 ng Comprehensive oral care I SICU rate B i s e
program .
30 2/20/05 , -C.DC benchmark | ComprehenSIVe Oral
* ‘ — Linear (SICU rate) - .
2 5 " care with CHG #
3 5 st Prevenli%r;tliniglive::l?:ad 31 I?ed at 7g 5
e ) ; == E s
T Weaf\?r:ge'li?al, DV%’ ::d lgUDagro;hylaxis ¥ rd Reduction I_I'I VAP Rate
° 20 -E M from 10.5 during 13-manth
S =< ; B pre-intervention to 0 during
© 15 B BEN g E o 13-month after intervention
I B =] F= 016
o c 2w
& 83
9 25w
IIIIIIIII'I[IIIIIIIH[II[ITIIl i S
N Lii :
i ] ] ] (T T I I B
QS‘DQ \“0 Q@* \* QQ \;O )’DQ @‘9 \‘{b* )\* QQ ‘\0 s‘b(\ @’b \x"s\ 3\* Q\ " . :
P f»“ ft?
{
Month CDC NHSN benchmark is the pooled
mean for a surgical ICU
Figure 1. 2005-2007 University of Michigan Hospitals and Health Centers surgical
ICU ventilator-associated pneumonia rate.

Heck K, et al. American Journal of Infection Control
Dickinson S et al. SCCM Critical Connections, 02/2008 40 (2012) 877-9




Does CHG Oral Care Impact VAP and Mortality } .{

Klompas Study-
Retrospective review

A Single center

A Impact of vent bundle (5536
patients)

A Connection of CHG with
increase mortality on
patients vented > 3 days

A
A
A

A

A

e Deschepper study: Retrospective Review

Hospital wide retrospective cohort (82,274 patients)
11,133 patients received CHG oral care

Divided into low exposure-cumulative dose < 300 mg
(8080 pts)

High exposure > 300 mg (3053 pts)

300 mg CHG is equivalent to 1 bottle of 250ml of oral care soln
at .12%-covers 5-6 days at 3 times a day)

In the sickest group CHG low or high exposure was not a risk for
increased mortality

Showed improvement on mortality in ICU patients ventilated <
96hrs and not harm if vented > 96 hrs

Greatest risk for mortality increase is use in non-ICU patients.

Klompas M, et al. JAMA Intern Med. 2016 Sep 1;176(9):1277-83. '

Deschepper M, et al. Intensive Care Med. 2018 Jul;44(7):1017-1026.



Cochrane Meta-Analysis 2020 of RCT’s

Analysis 1.1. Comparison 1: Chlorhexidine versus placebofusual care, OQutcome 1: Incidence of VAP

Risk Ratia
M-H, Randem, 35% CI

Rizk Ratin
M-H, Random, 35% CI

Chlorhexidine Placeba/Usnal care
Study or Subgroup Events  Total Events “Total ‘Weight
1.1.1 Chlerhevidine selution versus placebs (na tsothbrushing in either zroup)
Fu 2015 7 a0 a7 40 9.0%
Meidani 2018 ] S0 1z 50 7.8%
Crap 2011 (1) 7 21 10 18 e
Ozcaka 2012 12 2 rrd 2 106%
Bellissimo-Rodrigues 2003 16 G4 17 & 2.7%
Tuen 2017 4 E 2 g 4.5%
Subtstal (35% CI) 212 217 50.0%
Total ewents: 52 103
Heterogeneity: Taut = 0.33; Chit = 17.96, ¢f = 5 (P = 0.003); = 72%
Test for orverzll effect- Z = 1.97 (P=0.05)
1.1.2 Chlorhexidine gel versus placebe (no toothbrushing in either group)
Cabow 2010 1 17 [ 13 268%
Koeman 2008 13 127 23 130 8.4%
Subtotal (35% CI) 144 153 120%
Total events: 14 29
Heterogeneity: Teu? = 0.00; Chit = 0.7, df = 1 (B = 0.28); B = 0%
Test for averall effect Z = 2.04 (F= 0.04)
1.1.3 Chlorhexidine solution versus placebo (foothbrushing beth groups)
Tantipong 2008 ] S8 10 82 6.8%
Scannapieco 2009 (2) 14 87 2 19 89%
Berry 2011 [3) 4 13 1 3 4%
Subiutal (33% CI) 188 144 17.8%
Toral events: 22 23
Heterogeneity- Tau® = 0.36; Chi* = 4.30, df = 2 (P = 0.12); ' = 53%
Test for overall effect: Z = 0.64 (F= 0.53)
1.1.4 Chlerhezidine gel versus placebs (tosthbrushing both groups)
Kuszhara 2012a (4) 15 46 16 50 9.8%
Meinberg 2012 18 2% 11 24 10.4%
Subtotal (33% CI) e T4 20.2%
Total events: 33 27
Heterogeneity: Tau® = 0.00; Chi® = 0,67, df = 1 (P = 0.41); F = 0%
Test for overall effect: Z = 1.00 (F=0.32)
Total (35% CI) 63 588 100.0%
Total events: 122 182

Haterogensity- Tsu? = 0. 26; Chi = 35 29, df = 12 (P= 0.0004); I* = 66%
Test for overall effect: 2 = 2.14 (P=0.03)
Test for subgroup differences: Chit =765, df = 3 (P= 0.05), F = 61.0%

019 [0.10,0.37)
048 [0.17,0.55)
060 025, 125)
060 (037, 0.98]
101056, 1.83)
2.00 1050, B.00Y
D57 033, 1.00]

0.23[003 , 1.70]
0581031, 1.09]
0.53 [0.29, 0.97)

043 [0.18, 1.23)
059 (030, 1.18]
521 [061 , 34.47]
0.74 [0.23, 1.83]

102 (057, 1.82)
140 (084, 2.35)
122 (033, 1.79)

0.67 [0.47 , 0.37]

Favours chilorhexidine

‘l%HH

N

Y T
Favours placebo/u care

NNT
12

Analysis 3.1. Comparison 3: Toothbrushing versus no toothbrushing, Outcome L: Incidence of VAP

Toothbrushing
Total

No toothbrushing

Study or Subgroup Events Events Total  Weight

Risk Ratin
M-H, Random, 95% CI

Risk Ratia
M-H, Randam, 5% CI

3.1.1 Powered toothbrush + usual care (+ CHX) versus usnal care (+ CHX)

Pabo 2009 (1) 15 74 18 73 235%
Yao 2011 (2) 4 28 14 25 127%
Subtotal (35% CI) 102 98 36.2%
Total events: 15 2

Heterogeneity: Tan? = 052; Chat = 4.05, df = 1 (P=0.04); I = 75%

Test for overall effect: 2 =123 (P =0.22)

3.1.2 Toothbrush + CHX versus CHX alone

Lorente 2012 21 217 24 219 257%
De Lacerda 2017 17 105 28 108 264%
Subtotal (33% CI) 32 327 SAl%
Total events: 38 52

Heterogeneity: Tau? = 0.00; Chi? =0.77, df = 1 (P= 0.38); = 0%

Test for overall effect: Z =153 (P =0.13)

3.1.3 Toathbrush + povidone iodine versus povidone iodine alone

Long 2012 4 kil 11 30 116%
Subtotal (33% CI) 31 0 1L6%
Total events: 4 1

Heterogeneity: Not applicable

Test for overall effect: Z = 1.99 (P = 0.03)

Total (33% CI) 455 455 100.0%
Total events: 61 85

Heterogeneity: Tau? = 0.08; Chi* = 6.71, df = 4 (P=0.13); = 40%
Test for overall effect: £ = 244 (F = 0.01)
Test for subgroup differences: Chiz= 203, df =2 (P = 0.36), [F= 1.5%

Zhao T, et al. Cochrane Database Syst Rev. 2020 Dec 24;12:CD008367

082045, L.50]
0.260.10, 0.67]
0.49[0.16, 1.53]

0.85 0,51, 1.54]
062036, 1.07]
0741050, 1.09]

0.3570.13, 0.98]
0.350.13, 0.98]

0.61[0.41,0.91]

-

¢

’'Y.)

0ot 0t
Toothbrushing

10
o toothbrushing




Impact on Mortality

Analysis 1.2. Comparison 1: Chlorhexidine versus placebo/usual care, Qutcome 2: Mortality

Chilorhexidine Placeba/usual care Risk Ratio Risk Ratio
Smdy or Subgroup Events  Total Events Total  Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.2,1 Chlarhexidine salution versus placebs (no toathbrushing in either group)
Bellissimo-Rodrigues 2005 34 2] 3z 63 30.1% 1150481, 1.61] -
Ozcaka 2012 17 29 19 a2 20.1% 0,98 0,65 , 1.50] -
Meidani 2018 4 50 5 50 2% 080023, 2.81] R
Fu 2019 3 a0 7 40 2.7% 043012, 1.54] .
Subtotal (95% CI) 183 191 5d6% 1.03 [0.80 , 1.33] ]
Total events: 58 63
Heterogeneity: Tau? = 0.00; Chi® = 246, df =3 (P=0.48); ' = 0%
Test for overall effect: £ = 0.21 (P = 0.83)
1.2.2 Chlerhexidine gel versus placebo {ne teethbrushing in either group)
Cabow 2010 o 17 [ 23 Mot estimable
Subtotal (95% CI) 17 23 Nok extimable
Todal evenis: 0 0
Heterogeneity: Not applicable
Test for overall effect: Not applicable
12,3 Chlorhexidine solution versus placebo (toothbrushing bath groups)
Tantipong 2008 36 102 37 105 259% 100 [0,69 , 1.45] s
Scanmapisco 2009 16 11& & a9 2.7% 102046, 2.24] —
Subtotal (95% CI}) 218 164  31.6% 100 0,72, 1.40] *
Total events: 52 45
Hateragenaity: Tan? = 0.00; Chi’ = 0.00, df = 1 (P=0.97); 1= 0%
Test for overall effect: Z = 0.03 (P = 0.98)
1.2.4 Chlorhexidine gel versus placebo (tosthbrushing both groups)
Kosahara 2012a (1) & a6 1z 50 5.5% 0.72[033 , 1.61] —al
Meinbeng 2012 13 8 L 24 B.3% 1.24 (0,65 , 2.38] —
Subiotal (95% CI) 74 74 138% 1400 [0.59 , 1.68] &
Total events: 21 i |
Heterogeneity: Tan® = 0.01; Chi* = 1.06, df = | (FP=030); 1" = 6%
Test for overall effect: Z = 0.01 (P = 0.99)
Tetal (35% CI) 492 452 1000% 102|084, 1.23] [
Total events: 121 129
Heterogeneity: Tan? = 0.00; Chi* = 3.50, df = 7 (P'= 0.84); ' = 0% adoo ol b =ho
Test for overall effect: Z = 0,17 (F = 0.8&) Fawours chlorhexidine Favours placeboiusualcare

Test for subgroup differences: Chi? = 0.02, df = 2 (P = 0,93}, I? = 0%

Zhao T, et al. Cochrane Database Syst Rev. 2020 Dec 24;12:CD008367



It is More than CHG

e .12% CHG application 2x daily is a small part of the
oral care equation

e Itisthe comprehensive and frequent delivery of oral
hygiene, including toothbrushing and cleansing



Compas.on

HZFA vs Flacebo

SUP: Impact on Bleeding Risk

Odds Ratio (35% CI)

—— 053 (0.23, 1.19)
Inchinect I i 1.36 (0.29, 6.51)
et o ] 064 (0.32, 1.20)

PPl vs H2ZRA
Diared —a— 0,35 (0. 18, 0.89)
inclirect } = 1 086 (0. 11, 7.02)
Nataiory i 0,38 (0.20,0.73)

HZRA va Sucrallale
Diresct — OB (048, 1.55)
Inecdirect ! = 032 (0.04, 2.67)
Metwork —u- 0.80 [0.46, 1.40)

PPl vs Placebo
Liract I = i 066 (0,12, 3.74)
Inechinect ! = i 0.17 (0.06, 0.49)
Hetwork [ = 1 024 (0. 10, 0.80)

Sucralfate wvs Placebo
Dire<t I i 1.15 (0.41, 3.23)
ieclineert [ B 048 (0.14, 1.64)
Network — 0.80 (0.37, 1.73)

PPl vs Sucralfate
Lirecd ! » i 023 (0.0, 2.30)
inclinect ! = i 032 (0.13, 0.76)
Network —a— 0.30 (0. 13, 0.69)

f 1 1 1 : LINLINLAL] I 1 1 1 LILLAL 1 I : LI
a0 005 01 o 5

Alhazzani W, et al. Intensive Care Med (2018)




Comparson

HZRA vs Macebo
Cirect

SUP: Impact on Risk of Pneumonia

Odds Ratie (95% CI)

I u 100 (0.70, 1.71)
Indire ! | 184 {0.73, 5.20)
NS I —— 1190 {0.80, 1.78)

PPl ve HIRA
Lirect i 1.15 (0.85, 1.57)
nairodt } i 210 (1.04, 4.21)
Metwork —— 127 {0.96, 1.68)

HIRA ve Sucralise
Lirercd —— 132 (098, 1.77)
Indire [ = i 1.35 (0.64, 2 86)
Medwark —— 1.30 (1.0 1.58)

PPl ve Placebo
Lirect } = i 1.4% |0.55, 3.99)
Indtinet B i 1.53 (0.90, 2.59)
Mty iri B 152 (0.95 2.42)

Placebo ve Sucralfale
Diresct [ = 067 (0.34, 1.32)
Irectineecd = | 1.54 (0.8, 2 80)
Medaiork i = i 109 (0.72, 1.66)

FFl ve Sucralfate
Lhred i 2A8{1.24, 3.77)
indiret —— 144 {0.97, 2.14)
Hetwork —— 165 {1.20, 2.27)

Alhazzani W, et al. Intensive Care Med (2018) 44:1-11




Risk Benefit

)\

Receiving EN, pharmacologic SUP offered
no beneficial effect Gl bleeding and
other clinically important outcomes.

Treat patients at high risk of stress bleed?

Huang HB, e tal. Crit Care. 2018;22:20
This Photo by Unknown Author is licensed under CC BY-SA


https://commons.wikimedia.org/wiki/File:Balanced_scale_of_Justice.svg
https://creativecommons.org/licenses/by-sa/3.0/

4Strategies to Reduce VAP

Heat Wire Exchange vs Humidifier Ventilator Circuit Change
RR
95% CI Stud
il g . ' Martin et al™ B
Dreyfuss (1991) - iy Roustan et al™
(45 h ve no changes) Dra'_l‘rfUEE @t EIE'I!I
e vt S i i Branscn et al”'
Long (1996 P —m i — Boots et al™
Kirton et al™
. Kolief et al*"
e r\ \ Memish et al™
2&30:3 Less S~ Favors More - Overall (95% confidence interval)
Frequent Changes Frequent Changes
0.1
Some benefit on pneumonia prevention/no
’ difference in airway occlusion
Kola A. Intensive Care Med, 2005;31(1):5-11.

Gillies D, et al. Cochrane Database Systematic Review 2017;9:CD004711
Hess DR et al, Respir Care 2003;48(9):869-879
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Daily Sedation Interruption

Decreases Duration of Mechanical

Ventilation

- Hold sedation infusion until patient
awake, then restart at 50% of prior
dose

- “Awake” defined as any 3 of the
following:

)

Open eyes in response to voice
Use eyes to follow investigator on
request

Squeeze hand on request

Stick out tongue on request

Kress J. N Engl J Med.2000;342:1471-7.

Needham D. Crit Care
www.lCUliberation.org.

Med. 2012;40:502-9
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Length of MV 4.9 vs. 7.3 days (P=0.004)
ICU LOS 6.4 vs. 9.9 days (P=0.02)

Fewer diagnostic tests to assess changes in
mental status

No increase in rate of agitated-related
complications or episodes of patient-
initiated device removal

No increase in PTSD or cardiac ischemia




ABC Trial (RCT Paired Sedation & Vent Weaning

Protocols)

Outcome*

Ventilator-free days
Time-to-event, days
Successful extubation, days
ICU discharge, days
Hospital discharge, days
Death at 1 year, n (%)
Days of brain dysfunction
Coma
Delirium

*Median, except as noted

SBT

12

7.0
13
19
97 (58%)

3.0
2.0

SAT+SBT

15

15
74 (44%)

2.0
2.0

P value

0.02

0.05
0.02
0.04
0.01

0.002
0.50

Girard, et al, Lancet. 2008;371:126-34



ABC Trail: Mortality at 1 Year

100 = '-1 SAT plus SBT
] — Usual care plus SBT
80
’;k:?"‘
= 60
=
g e
£
g %
20
Patients Events
167 74
O ] [ T ] T 1
0 60 120 180 240 300 360

- Davs after randomisation

Girard, et al, Lancet. 2008;371:126-34
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Endotracheal / Nasogastric Tube/ Sinusitis >

e Carriage of oropharyngeal bacteria during intubation
e |f cuff pressure <20 cm 4x 0B risk VAP

A Cuff pressure range btwn 25-40cm (JBI-Level A) with maintenance at 25cm-30cm of
H20O pressure.

A No difference between freq & infrequent measurement

A Continuous monitoring resulted in a lower portion of out-of-range cuff pressure (11%
vs. 51.7% p< 0.001) and |in VAP

e Use oral ET versus nasal (CDC-Cat IB)

A NGT increases risk of sinusitis/gastric reflux & increases oropharyngeal colonization
A Sinusitis increases the risk of nosocomial pneumonia by 3-fold

Sole, ML, et al. AJCC, 2011;20:109-117
Nseir S, et al. Ann Intensive Care 2015;S:43
Letvin A, et al. Resp Care 2018;63(5):495-501

CDC. 2003 Guidelines for Prevention of Healthcare Associated Pneumonia; MMWR; 2004:53(no RR-3)
Muscedere J & Canadian Trails Group. J of Crit Care, 2008;23:126-137,
Carstens J. Joanna Briggs Institute, 2010



Current Subglottic Suctioning
Endotracheal Tubes

Subglottic suctioning ETTs in
patients mechanically
ventilated for >72 hours

Sl <
¥

Subglottic
| secretions




Results of
Subglottic Suctioning Study

Suction No Suction
Group 1 (n=170) Group 2 (n=182)

VAP 8.8%, 15 patients
VAP by vent days 9.6 of 1000 days
VAC 21.8%
Antibiotic days 61%

1696 of 2754 days

17.6%, 32 patients

19.8 of 1000 days

22.5%

68.5%
1965 of 2868 days

Damas P, et al. Crit Care Med. 2015 Jan;43(1):22-30.



Subglottic Secretion Drainage: Meta-analysis = .{

55D

Control

Risk Ratio

Risk Ratio

Study or Subaroup  Events Total Events Total Weight M-H. Fixed. 95% Cl M-H. Fixed. 95% CI
[ R e S u Its 1.1.1 intermittent SSD
Lacherade 2010 25 169 42 164 23.1% 0.58 [0.37, 0.90] i
Mahul 1992 9 70 21 75 11.0% 0.46 [0.23, 0.93] —
u Shorten vent dayS Smulders 2002 3 75 12 75 65%  0.25[0.07, 0.85]
Subtotal (95% Cl) 314 M4 40.6% 0.49 [0.34, 0.71] »
1 5 5 Tolal evenls 37 75
. Heterogeneity: Chi#=1.71,df=2 (P=043) F=0%
Test for overall effect: Z = 3.85 (P = 0.0001)
[ |
Pr0|onged VAP by 1.1.2 continuous SSD
Bo 2000 8 35 15 33 84% 0.50 [0.25, 1.03] |
4 d d yS Bouza 2008 13 345 19 369 10.0% 0.73 [0.37, 1.46] o B
. Kollef 1999 8 160 15 183 7.6% 0.61[0.27, 1.40] R B
m Valles 1995 16 95 25 95 136% 0.64 [0.37, 1.12]
ISS D m ay res u It I n Yang 2008 12 53 20 48 11.4% 0.54 [0.30, 0.99] G)
« o Zheng 2008 9 30 16 31  85% 0.58 [0.31, 1.11] |
| essS MucosSsa | | nJ u ry Subtotal (95% CI) 718 759 50.4%  0.61[0.46, 0.79]
Tolal events 66 110
Heterogeneity: Chi* = 0.73, df = 5 (P = 0.98); P = 0%
Test for overall effect: Z = 3.63 (P = 0.0003)
Total (95% CI) 1032 1073 100.0%  0.56 [0.45, 0.69] C)
Total events 103 185 . . '

Heterogensity: Chi* = 2.93, df = 8 (P = 0.94); F = 0%
Test for overall effect: Z = 5.26 (P < 0.00001)
Teast for subaroun differences: Chiz =080, df =1 (P =037}, 2=0%

|
002 01 1 10 50

Favours 85D Favours Control

Wang F, et al. ) Trauma 2012;725:1276-1285
Wen Z, etal. Crit Care Nurse 2017;37(5):e10-e17



Update: Subglottic Secretion Drainage Meta-Analysis

VAP Incidence

20 RCT’s, studies from 1992-
2017, 3684 Patients

First author, Control Weight
year VAP Total VAP Total RR [95% CI] %
MaHmoooroor, 2017 30 138 Lb 138 N — 0.45 [0.44-0.97] 8.14
Deem, 2016 10 34 14 34 E 0.74 (0.39-1.47 1.57
JENA, 2016 1 25 12 25 ; 0.85 (0.47-1.51] n
GopaL, 2015 13 120 25 120 4.1:7 0.52 (0.28-0.97] 4.84
Damas, 2015 15 170 32 182 —-—é— 0.50 (0.28-0.89] 6.12
Tan, 2014 52 102 34 47 T 0.70(0.54-0.91] 16.68
SevR, 2013 4 40 7 40 0.57 10.18-1.801 0.87
LacHEraDE, Z010 il 149 42 164 —_— 0.58 (0.37-0.70) 8.07
ZHENG, 2008 9 30 16 3 — 0.58 (0.31-1.11 3.55
Yang, 2008 12 48 20 43 —-i— 0.54 (0.30-0.94] 5.15
Bours, 2008 12 an 19 357 i 0.69 [0.3£-1.39) 2.07
LorenTE, 2007 n 140 31 140 —I—E— 0.45(0.19-0.48] 9.47
Liu GH, 2006 14 41 30 45 — 0.51 (0.32-0.82 9.02
Liu 5H, 2006 3 48 10 50 E 0.31 (0.09-1.07) 2.40
Girou, 2004 b 8 & 10 E 1.04 (0.50-2.18] 0.81
SMULDERS, 2002 3 75 12 75—t 0.25 (0.07-0.85] 3.79
Bo, 2000 8 35 15 33 —IJ:— 0.50(0.25-1.03) 3.74
KoLLEF, 1997 B 140 15 183 i 0.61(0.27-1.40) 1.77
VaLLes, 1995 14 76 25 77 —'p— 0.57 [0.32-1.01] 4.85
MaHuL, 1992 9 70 21 75 : 0.44(0.23-0.93 £.56
Overall (12=0.0%, p=0.841] {t‘» 0.54(0.48-0.63) 100.00
1
05 1 15 25

Mortality

First author, 55D Cantrol Weight
year Events Total Events  Total RR [%5% Cl| %
MaHMooDPOOR, 2017 38 138 48 138 0.75 [0.52-1.08) 9.34
Deem, 2014 g 34 g 34 1.04 [0.48-2.35] 0.82
GopaL, 2015 2 120 1 120 2.00[0.18-21.78) 0.01
Damas, 2015 (ICU] 53 170 74 182 0.%110.70-1.191 12.25
Damas, 2015 [hospitall 78 170 23 182 0.5000.72-1.12) 18.76
Tao, 2014 48 102 29 &7 0.76 [0.56-1.03) 12.88
LacHeERaDE, 2010 80 169 84 164 0.92 [0.74-1.15] 17.40
ZHENG, 2008 3 30 12 K] 0.67 [0.33-1.45] 23
YaNG, 2008 32 &8 29 43 0.99 [0.74-1.32) 8.63
Bouza, 2008 23 KKyl 26 359 0.%4 [0.54-1.45) 2.43
LorenTe, 2007 26 140 32 140 0.8110.51-1.29] &.77
L OH, 20048 18 41 13 45 1.52 [0.86-2.70] 0.85
L 5H, 2006 5 &8 1" 50 0.4T [0.18-1.2¢) 2.45
SMmuLpERs, 2002 12 75 10 ™ 1.20[0.55-2.41) 0.68
KoLLEF, 1999 ] 160 B 183 0.86 [0.30-2.42) 0.64
WVALLES, 1995 39 95 35 95 1.11[0.78-1.59| 437
MaHuL, 1992 17 70 16 IE 1.14(0.63-2.07] 1.37
Overall [12=0.0%, p=U.HBH] 0.88 [0.80-0.97) 100.00
T T T T T
0 05 1.5 2 25

FIGURE 3 Forest plot comparing subglottic secretion drainage [550) versus non-550 on mertality. RR: risk ratio; ICU: intensive care unit.

Pozuelo-Carrascosa DP, et al. Eur Respir Rev. 2020 Feb 12;29(155)




Guideline Recommendations: Subglottic
Secretion Drainage

« HIPAC Pneumonia Guidelines 2003

e ATS pneumonia prevention & treatment 2005
« Spanish Guidelines

e Ireland VAP Guidelines 2011

« SHEA Pneumonia Prevention Guidelines 2014
« VAP Bundle (National Delphi Study)

ATS/IDSA 2016 Clinical Practice Guidelines

AARC 2010 Clinical Practice Guidelines. Endotracheal suctioning of mechanically
ventilated patients with artificial airways

AACN VAP Practice Alert
APIC 2009 Guide to the Elimination of VAP
SHEA 2008 Strategies to Prevent VAP in Acute Care Hospitals



So Why is SGD not being used?

\ 4

Suctioning
Apparatus

Subglottic ETT



~ Challenges: Current Suctioning

« Intermittent suction g 1hr for SGD with a syringe/labor
intensive & difficult to achieve

e Intermittent suction by machine or syringe-exerts 2 to 5x
more pressure than AARC recommends

e A high variability in the volume of secretions suctioned
between patients and, for each individual patient, during the
period of MV

« Continuous suction continues even if clogged grabbing the
subglottic wall-keeps on going

« Back flow leading to potential vector for infection
A 470 regulators/11 facilities/5 states

A 37% found to be colonized

A Pathogens can disseminate throughout the circuit (antegrade &
retrograde)

Kaye KS, et al. Infection Control & Hospital Epidemiology; 2010;31(7):772-774
Gentile J et al. Respiratory Therapy, 2016;11(2):39-47



Challenges: Current Suctioning

Poor removal of pathogenic fluid
ncreased rates of complications
ncreased workflow

ncreased Costs of SSETTs




Challenges: Suction Apparatus

Continuous

Traditional Approaches
Intermittent

Manual

Meathod Wall Suction or General Suction | Wall Suction or General Suction Syringe Specialized Suction Device
-20 mmHg (may be too low to :

P aspirate viscous secretion and 150 mmHg (high Trequency 580 to -720 mmkg Tailored by patient,

ressure increased 3hove recommended | 25PiFtoN - virtually continuous (nearly 4-5 times higher 50 t0-150 mmHg

L at amuch higher pressure) than recommendad)
guidelines)
Accuracy of Pressure Deliverad Mot reliable Mot reliable Aliways Higher than Accurate/reliable
racommended Guidelines
Aspirating virtually continuously Tailored by patient, Aspiration
Frequency Continuously, 24/7 with short pauses (16 saconds), Hourly (often less regularly) for 10 - 20 seconds and pausa for
2417 5 - 20 minutes, 24/7

Dally Aspirations Non-5top Aspiration 1,440 - 3 600 aspirations daily 24 aspirations daily 24 -144 aspirations daily
Noilsa Level Highly Noisy Highly Moisy Nona Cuiet
Staif Time (per bed per day) 10 minutes 10 minutes 120 minutes 10 minukes
Volume of Secretions 10-30ml 10-30mi 30mi 100 - 500 mi
FDA Cleared Mo No No Yos
Specifically Designed for 55D Mo No No Yes
Potential for Cross Contamination Yas Yes Yes Minimized

Kaye KS, et al. Infection Control & Hospital Epidemiology; 2010;31(7):772-774
Gentile J et al. Respiratorvy Therapv, 2016:11(2):39-47




Challenges: SGD ET Tube

Configuration of the tube

e Suction blockage

A 40 intubated patients/SGD
* 48% blockage

* 43% caused by suctioned tracheal mucosa

« Safety of the tube with continuous or
intermittent suction and mucosal tissue
damage

e 40% laryngeal edema

Old Version

Current Version

Old Version Current Version

trachea  Ewvac ETT vocal cords suchion lumen

LY
subglott susficn port
occhuded by Iracheal
mucasa

endoscopic view

Lacherade JC, Ann Transl Med. 2018;6(21):422.
Dragoumanis CK, et.al. Anesthia & Analgesia. 2007;105(4):1083-1085
Girou E, et al. Intesive Care Med. 2004;30:225-233.

<



Challenges: SGD ET Tube

<

>

Investigating the Failure to Aspirate Subglottic
Secretions with the Evac Endotracheal Tube

rachea Evactll vocal cords suction lumen

cuff

subglottic suction port
occluded by tracheal
mucosa

endoscopic visw

DISCUSSION

The observed incidence of Evac ETT suction lumen
dysfunction in our study was high, 48% (95% CI:
32%—63%). Moreover, it appears that the dominant
cause of suction lumen dysfunction was occlusion of
the subglottic suction port by suctioned tracheal mu-
cosa (Fig. 1). This finding raises significant questions
concerning the safety of evacuation of subglottic se-
cretions with subglottic suction using the Evac ETT.

e 40% laryngeal edema

Lacherade JC, Ann Transl Med. 2018;6(21):422.
Dragoumanis CK, et.al. Anesthia & Analgesia. 2007;105(4):1083-1085
Girou E, et al. Intesive Care Med. 2004;30:225-233.

<



Subglottic Suction Endotracheal Tube: A Better Way >

Tissue Spacer

A Multiple Ports, smooth, soft,

When it does a better job*
A Reduces Risk of VAP

A Reduces Respiratory Needs
A Reduces Time on Ventilation

A Reduces Antibiotics Use

*Pozuelo-Carrascosa DP, et al. Eur Respir Rev. 2020 Feb 12;29(155) '

*Szarpak L, et al. Am J Emerg Med. 2021 Feb 2:20 (21)



Comparison of Single and Multi-Port SGD tubes P .{

« 7 porcine trachea/set up to simulate 30° HOB
e Controlled model without SG tube

e 1033 cc of simulate oral secretions were dripped over 52 hrs.
A Regular ET tube: 95% leaked past cuff

A Single port SG tube: All experience suction failure due to tissue

A Multi-Port SG tube: Rapidly removed fluid/preventing leakage (0 %
leakage)

Daniel, B. et al. 1317: Crit Care Med. 2020;48(1):635. doi:10.1097/01.ccm.0000645184.55800.a3. l
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EVAC (Con. 30mmig)

N

EVAC {Int. 125mmghg)

Aspire

(Con. 200mmHg)

Aspire (Con. 200mmHg)
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Irﬁpact of a New Bundle/2
State Collaborative

« 38 hospitals, 56 ICU’s in 2 states
from October 2012 to March 2015

e Evidence based interventions,
teamwork & safety culture

« Head-of-bed elevation, use of
subglottic secretion drainage
endotracheal tubes, oral care,
chlorhexidine mouth care, and
daily spontaneous awakening and

’ breathing trials.

Rawat N, et al. Crit Care Med, 2017; 45:1208-1215

- =k

Incidence Rate per 1,000 Ventilator Days
C = N W o000~ 0O o =

VAE: 7.34 10 4.58 cases per 1,000
ventilator-days (p = 0.007)

IVAC 3.15 to 1.56 per 1,000 ventilator
days (p = 0.018)

PVAP 1.41 to 0.31 cases per 1,000
ventilator-days ( p = 0.012)
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