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TABLE 2. Summary of Recommendations for Preventing Ventilator-Associated Pneumonia (VAP) in Adult Patients

Quality of
Recommendation Rationale Intervention evidence
Basic practices Good evidence that the intervention Use noninvasive positive pressure ventilation in High
decreases the average duration of selected populations®™**
mechanical ventilation, length of Manage patients without sedation whenever possible***' Moderate
stay, mortality, and/or costs; benefits  Interrupt sedation daily® High
likely outweigh risks Assess readiness to extubate daily**** High
Perform spontaneous breathing trials with sedatives High
turned off*
Facilitate early mobility*”*7>7® Moderate
Utilize endotracheal tubes with subglottic secretion Moderate
drainage ports for patients expected to require greater
than 48 or 72 hours of mechanical ventilation®
Change the ventilator circuit only if visibly soiled or High
malfunctioning®*™"
Elevate the head of the bed to 30°-45°+* Low®
Special approaches Good evidence that the intervention Selective oral or digestive decontamination®*° High"
improves outcomes but insufficient
data available on possible risks
May lower VAP rates but insufficient Regular oral care with chlorhexidine®*'* Moderate
data to determine impact on dura- Prophylactic probiotics''"** Moderate
tion of mechanical ventilation, length  Ultrathin polyurethane endotracheal tube cuffs"**"! Low
of stay, or mortality Automated control of endotracheal tube cuff Low
pressure'*>'?
Saline instillation before tracheal suctioning'** Low
Mechanical tooth brushing'*'*¢ Low
Generally not Lowers VAP rates but ample data sug-  Silver-coated endotracheal tubes'”’ Moderate
recommended gest no impact on duration of me- Kinetic beds'*® Moderate
chanical ventilation, length of stay, Prone positioning®'*>"** Moderate
or mortality
No impact on VAP rates, average dura-  Stress ulcer prophylaxis®>'*° Moderate
tion of mechanical ventilation, length  Early tracheotomy'”’ High
of stay, or mortality® Monitoring residual gastric volumes'*® Moderate
Early parenteral nutrition'” Moderate
No recommendation No impact on VAP rates or other pa- Closed/in-line endotracheal suctioning*'** Moderate

tient outcomes, unclear impact on
costs
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Ventilator
Bundle

Elevation of the Head of the Bed

Daily "Sedation Vacations" and Assessment of Readiness to
Extubate

Peptic Ulecer Disease Prophylaxis

Deep Venous Thrombosis Prophylaxis

Central Line

Bundle

Hand Hygiene

Maximal Barrier Precautions Upon Insertion

Chlorhexidine Skin Antisepsis

Optimal Catheter Site Selection, with Subclavian Vein as the
Preferred Site for Non-Tunneled Catheters

Daily Review of Line Necessity with Prompt Removal of

Unnecessary Lines .
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Materials and Methods
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TABLE 1. Individual Components of the Ventilator-Associated Pneumonia Prevention
Bundle

Seven Basic Mandatory Measures Three Highly Recommended Measures

1. Education and training in appropriate airway management. 1. Selective decontamination of the digestive tract or selective
oropharyngeal decontamination.

2. Strict hand hygiene with alcohol solutions before airway 2. Continuous aspiration of subglottic secretions.
management.
3. Control and maintenance of cuff pressure. 3. Short course (2-3 doses) of systemic antibiotics during intu-

bation of patients with previous decreased consciousness.
4, Oral hygiene with chlorhexidine.

5. Semirecumbent positioning. Avoidance of 0° supine positioning
if possible.

6. Promoting procedures and protocols that safely avoid or
reduce duration of mechanical ventilation.”

7. Avoidance of elective changes of ventilator circuits, humidifiers,
and endotracheal tubes.
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Table 2-e. Characteristics of Patients at Baseline and During the Intervention Period of the

“Pneumonia Zero” Project P a t i en t S

Characteristics

Hospital features

TARER

« >500 44.7%
* 200-500 42.0%
« <200 13.3%

REAEBRE  65.7%
NILfRE 94.5%
EE RIS RIE 60.2%

AT
 VAPDRIEMN2HEMNOT=,
o ICUDFEHIBMNEMN-T-,

Study period
Variables No. A_\“ Baseline Intervention P
patients patients value
(n =539) (n =3,186)
Age, years, mean (SD); 3,725 59.3 (16.5); 58.5 (16.7); 59.5 (16.5); 0.229
median [IQR] 62 [49.0-73.0] 60 [47.5-72.5] 62 [49.0-73.0] 0.238
Male patients, no. (%) 3,725 2.745 (73.7) 387 (71.8) 2.358 (74.0) 0.305
APACHE Il score, mean (SD); 3,439 20.2 (7.9); 20.1 (8.4); 20.2 (7.8); 0.726
median (IQR) 20.0 [15.0-25.0] | 19.0[14.8-25.0] | 20.0[15.0-25.0] | 0.509
Patient’s referral, no. (%) 2,340 0.129
Hospital ward 1.005 (42.9) 227 (44.6) 778 (42.5)
Another ICU 183 (7.8) 41 (8.1) 142 (7.8)
Community/emergency room 1.139 (48.7) 235 (46.2) 904 (49.4)
Health care center 13 (0.6) 6(1.2) 7(0.4)
Underlying illness, no. (%) 3,725 0.267
Medical 1.873 (50.3) 277 (51.4) 1.596 (50.1)
Surgical 866 (23.8) 139 (25.8) 747 (23.4)
Trauma 722 (19.4) 89 (16.5) 633 (19.9)
Coronary 244 (6.6) 34 (6.3) 210 (6.6)
Risk factors, no. (%) 3,725
Urgent surgery 1.153 (31.0) 176 (32.7) 977 (30.7) 0.383
Immunosuppression 436 (11.7) 62 (11.5) 374 (11.7) 0.932
Neutropenia 81 (2.2) 18 (3.3) 63 (2.0) 0.065
Previous antibiotic treatment 717 (19.2) 158 (29.3) 559 (17.5) <0.001
Organ transplantation 52 (1.4) 16 (3.0) 36 (1.1) 0.002
Days in ICU prior VAP, mean (SD); 3725 12.3 (17.8); 10.5 (12.9); 12.6 (18.5); 0.002
median [IQR] 8.0 [4.0-16.0] 6.0 [3.0-13.0] 8.0 [4.0-16.0] <0.001
Days in hospital prior VAP, mean (SD); 2,351 16.2 (20.6); 14.2 (19.8); 16.8 (20.8) 0.011
median [IQR] 9 [4.0-20.0] 8.0 [4.0-18.0] 9.0 [5.0-21.0] 0.007
Days from mechanical ventilation to 2,181 11.1(12.7) 10.0 (11.4) 11.4 (13.0) 0.021
VAP, mean (SD); median [IQR] 7.0 [3.0;14.0] 6.0 [3.0;12.0] 7.0 [3.0;14.0] 0.088
ICU mortality, no. (%) 3,523 1.433 (40.6) 199 (38.5) 1.234 (40.9) 0.320
ICU length of stay, days, mean (SD); 31.9 (24.1) 27.9 (20.7) 32.5 (24.5) <0.001
median [IQR] T | 26[16.0-41.0] | 24[14.0-37.0] | 27 [16.0-42.0] | <0.001
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Table 2-e. Characteristics of Patients at Baseline and During the Intervention Period of the

“Pneumonia Zero” Project

Study period
Variables No. A_\“ Baseline Intervention P
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Risk factors, no. (%) 3,725
Urgent surgery 1.153 (31.0) 176 (32.7) 977 (30.7) 0.383
Immunosuppression 436 (11.7) 62 (11.5) 374 (11.7) 0.932
Neutropenia 81 (2.2) 18 (3.3) 63 (2.0) 0.065
Previous antibiotic treatment 717 (19.2) 158 (29.3) 559 (17.5) <0.001
Organ transplantation 52 (1.4) 16 (3.0) 36 (1.1) 0.002
Days in ICU prior VAP, mean (SD); 3,725 12.3 (17.8); 10.5 (12.9); 12.6 (18.5); 0.002
median [IQR] 8.0 [4.0-16.0] 6.0 [3.0-13.0] 8.0 [4.0-16.0] <0.001
Days in hospital prior VAP, mean (SD); 2351 16.2 (20.6); 14.2 (19.8); 16.8 (20.8) 0.011
median [IQR] 9 [4.0-20.0] 8.0 [4.0-18.0] 9.0 [5.0-21.0] 0.007
Days from mechanical ventilation to 2181 11.1 (12.7) 10.0 (11.4) 11.4 (13.0) 0.021
VAP, mean (SD); median [IQR] 7.0 [3.0;14.0] 6.0 [3.0;12.0] 7.0 [3.0;14.0] 0.088
ICU mortality, no. (%) 3,523 1.433 (40.6) 199 (38.5) 1.234 (40.9) 0.320
ICU length of stay, days, mean (SD); s 31.9 (24.1) 27.9 (20.7) 32.5 (24.5) <0.001
median [IQR] 26 [16.0-41.0] | 24 [14.0-37.0] 27 [16.0-42.0] | <(:001




Table 4-e. Characteristics of Ventilator-Associated Pneumonia (VAP) at Baseline and During

the Intervention Period of the “Pneumonia Zero” Project

VAP Characteristics *

N All VAP Study period »
Variables . > episodes Baseline Intervention
episodes value
(n=4,477) (n =603) (n=3,474)
Clinical diagnosis, no. (%) 3,710 0.001
Clinical and radiological findings 2,865 (64.0) 419 (69.5) 2,446 (70.4)
Cavitation infiltrate 26 (0.6) 3(0.5) 23 (0.7)
Progression previous infiltrate 640 (14.3) 76 (12.6) 564 (16.2)
Other criteria 46 (1.02) 4(0.7) 42 (1.2)
Type of diagnostic sample, no. (%) 3,725 0.008
N1 3,656 925 (20.7) 119 (19.7) 806 (23.2) 1.000
N2 3,656 1,440 (32.2) 197 (32.7) 1,243 (35.8) 0.353
N3 3,673 99 (2.3) 24 (4.0) 75 (2.2) 0.151
N4 3,673 1,016 (22.7) 154 (25.5) 862 (24.8) 1.000
N5 3,673 925 (20.7) 119 (19.7) 806 (23.2) 1.000
VAP-associated bacteremia, no. (%) 3,725 361 (8.1) 41 (6.8) 320 (9.2) 0.091
Systemic response to VAP, no. (%) 3,720 0.016
None 293 (6.5) 45 (7.5) 248 (7.1)
Sepsis 1,614 (36.1) 251 (41.6) 1,363 (39.2)
Severe sepsis 961 (21.5) 147 (24.4) 814 (23.4)
Septic shock 852 (19.0) 94 (15.6) 758 (21.8)
Antibiotic treatment, no. (%) 3,205 3,112 (69.5) 504 (83.6) 2,608 (75.1) 0.693
Appropriate antibiotic treatment, no. (%) 3,110 | 2,383 (53.2) 402 (66.7) 1,981 (57.0) <0.001 AN\ A £¥ -t;
Microorganisms, total number 4,382 602 3,780 J I
Gram-positive cocci, no. (%) 921 (20.6) 164 (27.2) 757 (20.0) .
Staphylococcus aureus 608 104 504 ) E TIE ;E,E\ % rIE ‘b ,E& -[nl rIE 'l‘i
Methicillin-sensitive 439 81 358
Methicillin-resistant 169 23 146 N N
Enterococcus faecalis 80 9 71 y 3 ‘y7 75\ % L \1h¢E~ I-E-I o
Streptococcus pneumoniae 73 18 55 . o
- ITH * s ~
Gram-negative bacilli, no. (%) 3.281(733) | 407 (67.6) 2,874 (76.0) e GN R{E‘Z 5{:" HY % L \ﬂ;ﬁ |'E_| o
Pseudomonas aeruginosa 889 108 781
Acinetobacter baumanii 376 30 346 0.006
Escherichia coli 341 64 277 <0.001
Stenotrophomonas maltophilia 186 18 168
Serratia marcescens 182 24 158
Fungus, no. (%) 145 (3.2) 27 (4.5) 118 (3.1)
Candida albicans 45 9 36
Aspergillus fumigatus 22 1 21
Viruses, no. (%) 17 (0.4) 0 17 (0.5) 26
Other microorganisms, no. (%)* 18 (0.5) 4(0.7) 14 (0.4)




Table 4-e. Characteristics of Ventilator-Associated Pneumonia (VAP) at Baseline and During

the Intervention Period of the “Pneumonia Zero” Project

All VAP Study period
No. P
Variables episodes Baseline Intervention
episodes value
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Microorganisms, total number 4,382 602 3,780
Gram-positive cocci, no. (%) 921 (20.6) 164 (27.2) 757 (20.0)
Staphylococcus aureus 608 104 504
Methicillin-sensitive 439 81 358
Methicillin-resistant 169 23 146
Enterococcus faecalis 80 9 71
Streptococcus pneumoniae 73 18 95
Gram-negative bacilli, no. (%) 3,281 (73.3) 407 (67.6) 2,874 (76.0)
Pseudomonas aeruginosa 889 108 781
Acinetobacter baumanii 376 30 346 0.006
Escherichia coli 341 64 277 <0.001
Stenotrophomonas maltophilia 186 18 168
Serratia marcescens 182 24 158
Fungus, no. (%) 145 (3.2) 27 (4.5) 118 (3.1)
Candida albicans 45 9 36
Aspergillus fumigatus 22 1 21
Viruses, no. (%) 17 (0.4) 0 17 (0.5)
Other microorganisms, no. (%)" 18 (0.5) 4 (0.7) 14 (0.4)
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TABLE 2. Adherence to Recommendations Included in the Spanish Ventilat_or-l-}ssociated
Pneumonia Bundle @ 7KRE7ZS2UXIZDOWTORBILVEHEmaillZ, 109/EZ A EZE,

ICUs That Participating ICUs in
Adherence to Responded to the “Pneumonia
Recommendations the Survey Zero” Project
Recommendations (n) (n =109) (%) (n=181) (%)
=
Internal audits HX (%) Hil]\ (%)
Aspiration tracheal secretions® 95 87.2 52.5
Oral hygiene with chlorhexidine 94 86.2 51.9
Control and maintenance of cuff pressure? 105 96.3 58.0
Control of semirecumbent positioning® 109 100 60.2
Survey questions
Strict hand hygiene for airway management (education) 105 96.3 58.0
Routine change of ventilator circuit (no) 97 90.0 53.6
Change of filters or humidifiers within 48hr (no) 91 83.5 50.3
Known and consensus sedation protocols available (yes) 58 b3.2 32.0
Known and consensus protocols of mechanical ventilation 50 459 276
withdrawal available (yes)
Known and consensus protocol of noninvasive ventilation 36 33.0 199
available (yes)
Routine use of orotracheal tubes with subglottic aspiration 55 50.5 30.4
(ves)
Routine use of tracheal tubes with subglottic aspiration (yes) 17 15.6 9.4
Routine use of selective digestive decontamination (yes) 32 29.4 177
Routine use of systemic antibiotics during intubation of 72 66.1 39.8

patients with previous decreased consciousness (yes) 29




TABLE 3. Characteristics of the Study Sample at Each Time Period

Baseline Intervention Period (mo)
20 @-—
Variables (4-6 mo) 1-3 7-9 10-12 13-15 16-18 19-21 Postintervention
Participating ICUs (n) 146 181 177 175 175 170 1568 148 181
ICU admissions (n) 22,388 26,393 24144 25,975 26,854 25,2563 20,955 21,663 171,237
Patient days (n) 137004 154973 141,179 152,803 162,575 149,096 124590 126,569 1,011,782

Days of intubation (n)  58.082 77621 69.732 75211 84.739 74359 62356 61.784 505.802
Patients with VAP, 539 (2.4) 655 (2.5) 569 (2.4) 453 (1.7) 443(1.6) 472(1.9) 334 (1.6) 260(1.2) 3,186(1.9)

n (%) —I
Patients with > 1 h9 (109)] 47(72) 5H6(98) 30(B6) 30(68) 450b) 21(63) 18(6H) 247 ('7.7]
VAP, n (%) S—

[p<0.0001 | |
["p <0.0001 |

I h= |
[p=0.037 |

« VAPDHRIJE(L. bundleD T ATEEIZE L (p <0.0001)
TAMD19-21mM B H#,.“‘C%EML,JI/J‘(p < 0.0001),
o 2[EILLEDVAPEIEIX. bundleD T ADEBETEEIZTHA (p=0.037),
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TABLE 4. Univariate and Adjusted Multivariate Analyses for Ventilator-Associated

Pneumonia
Univariate Analysis Adjusted Multivariate Analysis
Incidence Density Incidence Density Incidence Density Incidence Density
(95% CI) Ratio (95% CI) (95% CI) Ratio (95% CI)
Study period
Baseline (reference) 890 1 9.83 1
(7.87-10.06) 8.42-11.48
1-83movs O AU 0.87 0.0154 8.60 0.87 00168
(6.16-9.80) (0.78-0.97) (6.60-11.20) (0.78-0.98)
4-6movs 0 7T 0.87 00194 8.55 0.87 00168
(6.13-9.84) (0.78-0.98) (6564-11.19) (0.78-0.98)
7-9movs O 553 0.62 < 0.0001 6.08 0.62 < 0.0001
(4.34-706) (0.55-0.70) (461-8.01) (0.55-0.70)
10-12 movs O 4.95 0.56 < 0.0001 5.47 0.56 < 0.0001
(3.88-6.32) (0.49-0.63) (4.15-721) (0.49-0.63)
13-15movs O 6.02 0.68 < 0.0001 6.64 0.68 < 0.0001 Q>
_ — — — >
(4.73-765) (0.60-0.76) (5.05-8.72) (0.60-0.76) e 19-21 75\ ﬁ E% 'I#\ C . VAP 0) :E % 75\
16-18 movs O 495 0.56 < 0.0001 b.46 0.56 < 0.0001 o -~ ]\
(3.84-6.39) (0.49-0.63) (4.10-728) (0.49-0.63) ~|-lz Vi
5 5 A)I ) o

19-21 mo vs 0 393 0.44 <0.0001 434 0.44 <0.0001
(301-5.13) (0.38-051) (0.38-051) (9 83 % 4 34@ /1OOOAIH¥[& E )

Hospital size (beds)

N T % e 3
Sy ol * SO0RRARIE DA TVAPDER S
=500 (4.0%§(7).76) (0.6%533.99) 00438 (6.6(?#612 20) (0.6%?3.99) 75‘ 1-& LY o

> 500 (reference)® 6.82 1
(5.95-781)
200-500 5.56 0.82 0.0476
(397-7.79) (0.67-1.00)
<200 5.79 0.85 0.3229
(3.66-9.16) 0.61-1.17)
University affiliated
Yes (reference = 1) 6.40 1
(5.70-7.19)
No (2 vs 1) 5.77 0.90 0.3223
(4.17-797) (0.73-1.11)
Teaching hospital
Yes (reference = 1) 6.20 1
(5.69-6.87)
No (2 vs 1) 590 0.95 0.7460
(395-8.81) (0.71-1.28)
Type of hospital
Public (reference = 1) 6.14 1
(5.56-6.78)
Private vs public (2 vs 1) 755 1.23 0.3540

(4.41-12.94) (0.79-1.91) 31




TABLE 4. Univariate and Adjusted Multivariate Analyses for Ventilator-Associated

Pneumonia

Study period

Baseline (reference)
1-3movs O

4-6 mo vs O

7=9 mo vs O
10-12movs O
13-15movs 0
16-18 movs O

19-21 movs O

Univariate Analysis

Incidence Density
(95% CI)

8.90
(7.87-10.06)

7T
(6.16-9.80)

7T
(6.13-9.84)

5.53
(4.34-706)

4.95
(3.88-6.32)

6.02
(4.73-7.65)

4.95
(3.84-6.39)

3.93
(8.01-5.13)

Incidence Density
Ratio (95% CI)

0.87
(0.78-0.97)

0.87
(0.78-0.98)

0.62
(0.65-0.70)

0.56
(0.49-0.63)

0.68
(0.60-0.76)

0.56
(0.49-0.63)

0.44
(0.38-0.51)

0.0154

0.0194

< 0.0001

< 0.0001

< 0.0001

< 0.0001

< 0.0001

Adjusted Multivariate Analysis

Incidence Density

(95% CI)

9.83

(8.42-11.48)

8.60

(6.60-11.20)

8.55

(6.54-11.19)

6.08
(4.61-8.01)

5.47
(4.15-721)

6.64
(56.05-8.72)

5.46
(4.10-728)

4.34
(3.09-5.84)

Incidence Density
Ratio (95% CI)

0.87
(0.78-0.98)

0.87
(0.78-0.98)

0.62
(0.65-0.70)

0.56
(0.49-0.63)

0.68
(0.60-0.76)

0.56
(0.49-0.63)

0.44
(0.38-0.51)

0.0168

0.0168

< 0.0001

< 0.0001

< 0.0001

< 0.0001

< 0.0001
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Hospital size (beds)
> 500 (reference)?

<500

> 500 (reference)®
200-500

<200

University affiliated

Yes (reference = 1)
No (2 vs 1)

Teaching hospital

Yes (reference = 1)
No (2vs 1)

Type of hospital

Public (reference = 1)

Private vs public (2 vs 1)

6.82
(56.95-781)

5.60
(4.05-17.76)

6.82
(5.95-781)

5.56
(397-17.79)

5.79
(3.66-9.16)

6.40
(56.70-7.19)

B.77
(4.17-797)

6.20
(5.59-6.87)

5.90
(3.95-8.81)

6.14
(5.66-6.78)

795

0.82
(0.68-0.99)

1

0.82
(0.67-1.00)

0.85
(0.61-1.17)

0.90
(0.73-1.11)

0.95
(0.71-1.28)

1.23
(0.79-1.91)

0.0438

0.0476

0.3229

0.3223

0.7460

0.3540

9.83
(8.42-11.48)

8.60
(6.60-11.20)

0.82
(0.68-0.99)

0.0352

(4.41-12.94)
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k = I:I
I:I/\
P185

0 The characteristics of the 542 patients who developed VAP during the
baseline period were similar to those of the 3,189 patients with VAP

—>5397? 3,1867?

[0 Diagnostic sampling methods, associated systemic response, and etiology
of VAP episodes are shown in Table 3-e

- Table 4-e?

0 The median incidence densities of VAP of those ICUs par- ticipating in
both baseline and all subsequent quarters of expo- sure to the
intervention are shown in Table 4-e

- Table 3-e?

0 a lower incidence density rate of VAP in large hospitals (> 500 beds) was
observed

- small hospitals (< 500 beds)

o KEFEXDERFRMSL. LimitationEEZZ S,
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