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Fig. 1 Changes in Fy greater than 10 mL/kg IBW over the time
of the study (P < .001).
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Fig. 2 Changes in the use of zero PEEP over the time of the

study (P < .001).
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Table 2 Risk factors for receiving nonprotective ventilation:
results of multivariable logistic regression analysis

Odds ratio (95% CI) P

¥ > 10 mL/kg IBW
Age 0.992 (0.990-0.993)
Female 3.714 (3.519-3.921)
2221 (2.031-2.430)
1.167 (1.127-1.208)
1.171 (1.057-1.29

Year 2006

ASA classification

Elective surgery
PEEFP < 5 cm H2(0)

Ape

Female

Year 2006

ASA classification

Elective surgery
PEEP 0 ¢ H2 0

Ape 1002 (1.000-1.003)

Female 1040 (1,001 -1.098)

Year 2006 1807 (1.658-1.969)

ASA classification 1180 (1.143-1.218)

Elective surgery 1.266 (1.148-1.3%96)
Fr = 10 mL/%&g IBW and PEEP < 5 cm H30O

Ape 0,990 (0,907 -1,001)

Female 2,956 (2.749-3.180)

Year 2006 1.883 (1.675=2.117)

ASA classification
Elective surgery

1.163 (1.110-
1.229 (1.D66—1.
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OBMI<30, Male
OBMI<30, Female
EBMI230, Male
EBMI230, Female

Number of patients

. ]

V;<8mL/kgPBW Vy 8-10mL/kgPBW  V;>10mL/kgPBW
n=154 n=200 n=75

Figure 2 Distribution of obesity and gender on the intraoperative tidal volume [Vy) subgroups. The distribution was significantly different
between subgroups (p = 0.001), with most patients in the < 8 mL/kg PBW being non-obese (73.3%) and males (75.3%) but obese (66.7%) and
females (61.4%) in the > 10 mL/kg PBW subgroup. There was missing information from & patients in the < 8 ml/kg PBW subgroup, 7 patients in
the 8-10 mL/kg PBW subgroup and 2 patients in the > 10 ml/kg PBW subgroup (5%, 3.5% and 2.7%, respectively) that precluded their
classification.
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Table 3. Results of Unadjusted and Adjusted Outcome Analyses.*

Variable
Primary composite outcome — no. (%)
Within 7 days|
Within 30 days
Secondary outcomes — no. (%)
Pulmonary complication within 7 days¥|
Grade 1 or 2
Grade =3
Atelectasis within 7 days|
Pneumonia within 7 days

Acute lung injury or ARDS within 7 days

(N=200)

55 (27.5)
58 (29.0)

30 (15.0)
42 (21.0)
34 (17.0)
16 (8.0)

Nonprotective Lung-Protective

Ventilation Ventilation

(N=200)

21 (10.5)
25 (12.5)

Unadjusted
Relative Risk or
Between-Group

Difference
(95% Cl)

0.38 (0.24-0.61)
0.43 (0.28-0.66)

0.69 (0.42-1.13)
0.24 (0.12-0.46)
0.38 (0.21-0.70)
0.19 (0.05-0.63)
0.17 (0.02-1.37)

P ValueT

<0.001
<0.001

0.14
<0.001
0.001
0.01
0.12

Adjusted
Relative Risk or
Between-Group

Difference
(95% ClI):

0.40 (0.24-0.68)
0.45 (0.28-0.73)

0.67 (0.39-1.16)
0.23 (0.11-0.49)
0.37 (0.19-0.73)
0.19 (0.05-0.66)
0.21 (0.02-1.71)

P Value
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Table 3. Results of Unadjusted and Adjusted Outcome Analyses.*

Unadjusted Adjusted
Relative Risk or Relative Risk or
Nonprotective Lung-Protective Between-Group Between-Group
Ventilation Ventilation Difference Difference
Variable (N=200) (N=200) (95% Cl) PValuef  (95% Cl)i:
Extrapulmonary complication within 7 days
SIRS 100 (50.0) : 0.86 (0.70-1.06)  0.16 0.87 (0.65-1.17)
Sepsis 29 (14.5) . 045 (024-0.84)  0.04  0.48 (0.25-0.93)
9 { (
{ (

Severe sepsis or septic shock 45) : 0.89(0.35226) 080  148(0.51-4.32)

Death within 30 days 7(3.9) : 0.86(0.29-251) 080  1.13(0.36-3.61)

(
(
(
C

Duration of stay in hospital and ICU — days
Hospital
Median 2,25 (-4.0410-047) 245 (-41710-072)
Interquartile range
ICU 0.58
Median ~1.48 (-6.87t0 3.9]) ~1.21 (-4.98 t0 7.40)

Interquartile range

P Value

0.37
0.03
0.47
0.83
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—— Loweer PEEF group
— Higher PEEF group

Proportion of complications (%)

) h P
Mumber at risk Time after surgery {days)

Higher PEEF group 445 5 319
Lovser PEEF group 449 171

Figure 2: Kaplan-Meder curve show ing the probabiliy of postoperative pulmonary comiplications by
postoperathie day 5
PEEP- positive end-expiratony pressura.
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Higher PEEP
group (n=445)

Lower PEEP
group [n=449)

Relative risk
(e5%Ch

Postoperathve pulmonany complications

Total" 174/ 437 (40%)
Tol (excluding hypoezemia) 1427437 (32'%)
Hypaxasmia 105/ 437 (24%)
Sevare hypmaemia 200437 (7%
Bronchospasm 18/ 437 (4%)
Suspected pulmonary infection BE/437 (16%)
Pulmorary infiltrate 35/ 437 (B%)
Aspiration pneurmonitis 1437 («1%)
Acute respiatony distress syndroms 43T [1%)
Atalectasis 5437 (12%)
Pleural effusion QY437 [11%)

Pulmorary oedermna causad by cardiac 10/ 437 (4%)
failure

15/ 437 (%)
Postoperathve extrapulmonany complications
Total extrapulmonary complications 2447445 (55%)
Systemnic inflammatory responsa B2/ 437 (14%)
syndrome
Sepsis 18/437 (4%)

172/443 (39%)
149443 (34%)
05/ 443 (21%)
34443 (B%)
18/443 (4%)
75443 (17%)
32443 (7%)
4443 (1%)
8443 2%)
Ch/443 (12%)
02/ 443 (21%)
307443 (5%)

12/443 (3%)

2437440 (54%)
E4/443 (14%)

15/443 (4%)

1-01 (0-85-1-20)
096 (0:78-1-17)
1-08 (0-93-1-25)
002 (070-1-21)
1-01 (072-1-41)
0-05 (0-79-1-14)
1-06 (0-B3-1-34)
040 (0-07-2-32)
077 (0-35-1-54)
0-09 (0-B0-1-71)
009 (0-B4-1-17)
0-08 (D71-1-36)

112 {0-B0-158)

1-02 {0-90-1-15)
097 (0-70-1-35)

1-01 (0-53-1-91)
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Hypotansiontt I0G441(46%) 162/440036%) 120Q40-151) 00016
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postoperative pulmonary complications:
a meta-analysis

Sabrine N.T. Hemmes™®, Ary Serpa Neto®®, and Marcus J. Schultz**®

Table 2. Synthesis of demographic, ventilatory and laboratorial characteristics of the patients in the final
follow-up (mean +SD)

Protective ventikation [n= 884) Conventiondl venfilation (n = 783) P value

Age [years) 60.27 +8.31 60.33+8.06 0.910
Weight (kg) 73.04+13.04 73.01 +£12.56 0.945
Tidal volume [ml/kg) IBW*® 6.14+0.86 10.35+1.15 <0.0001
PEEP (em H,0O") 6.62+2.65 2744282 0.001
Plateau pressure (em H2O%) 16.624+2.76 2045+ 2.54 0.021
Respiratory rate [beats/min®) 16.624+272 1078+ 2.67 0.007
Minute-ventilation (I/min?) 7764261 8.56+258 0917
PaO2 /FiO;* 332.86+61.48 339.68+67.70 0.797
PaCO2 (mmHg®) 41.86+3.32 39.05+3.42 0.052

pH® 7.35+0.03 7.39+0.03 0.073




Low VT
Study or subgroup

High VT

Events Total Events Total Weight

Risk ratio

M-H, fixed, 95% CI Year

Risk ratio
M-H, fixed, 95% CI

1.2.1 Lung injury

Michelet ef al. 2006 [15] 3 26
Licker et al. 2009 [18] 5 558
Weingarten ef al. 2010 [19] 0 20
Fernandez-Bustamante ef al. 2011 [20] 7 154
Yang et al. 2011 [21] 1 50
Treschan ef al. 2012 [22] 1 50
Subtotal (95% CI) 858

Total events 17

26
533
20
75
50

51
755

Heterogeneity: Chi?=3.86, df =5 (P = 0.57); 2= 0%

Test for overall etfect: Z = 3.20 (P = 0.001)

1.2.3 Pulmonary infection

Michelet et al. 2006 [15] 6 26
Licker et al. 2009 [18] 23 558
Yang et al. 2011 [21] 1 50
Treschan ef al. 2012 [22] 5 50
Subtotal (95% CI) 684

Total events 35

26
533
50

51
660

Heterogeneity: ChiZ =254, df =3 (P = 0.47); 2= 0%

Test for overall etfect: £ =2.13 (P = 0.003)

1.2.4 Atelectasis

Lin ef al. 2008 [17] 20
Cai et al. 2007 [16] 8
Licker et al. 2009 [18] 558
Weingarten et al. 2010 [19] 20
Yang et al. 2011 [21] 50
Subtotal (95% CI) 656

Total events 43

Heterogeneity: Chi2 = 7.67, df = 4 (P = 0.10); /2 = 48%

Test for overall effect: Z =2.19 (P = 0.003)

15.3%
52.2%

3.8%
17.2%
10.2%

1.3%
100.0%

18.6%
57.2%
13.1%

11.1%
100.0%

Test for subgroup differences: Chi2 = 2.57, df =2 (P = 0.28), [2 = 22.3%

0.50 [0.14, 1.79]
0.24 [0.90, 0.63]
0.33[0.01, 7.72]
0.68 [0.22, 2.08]
0.25 [0.03, 2.16]

3.06 [0.13, 73.35]
0.40[0.22, 0.70]

0.60 [0.26, 1.41]
0.73 [0.43, 1.24]
0.14 [0.02, 1.12]

0.85 [0.28, 2.61]
0.64 [0.43, 0.97]

1.50 [0.28, 8.04]
1.40 [0.77, 2.54]
0.57 [0.36, 0.89]
0.80 [0.25, 2.55]

0.33 [0.04, 3.10]
0.67[0.47, 0.96]

2006
2009
2010
201
2011
2012

—_—

_._

1 3
*

0.1 1 10
Low VT HighVT

100




Higher PEEP
Study or subgroup

Lower PEEP

Events Total Events Total Weight

Risk ratio

M-H, fixed, 95% CI Year

Risk ratio
M-H, fixed, 95% CI

1.9.1 Lung injury

Michelet ef al. 2006 [15] 26
Licker et al. 2009 [18] 558
Weingarten et al. 2010 [19] 20

Yang et al. 2011 [21] 50
Subtotal (95% CI) 654

Total events 9

26 18.8%
533 64.0%
20 47%
50 125%
629 100.0%

31

Heterogeneity: Chi2 = 0.87, df =3 (P = 0.83); 2= 0%

Test for overall effect: Z = 3.40 (P = 0.0007)

1.9.3 Pulmonary infection

Michelet ef al. 2006 [15] 6 26
Licker ef al. 2009 [18] 23 558
Yang et al. 2011 [21] 1 50
Subtotal (95% CI) 634

Total events 30

47

Heterogeneity: Chi? =2.34, df =2 (P =0.31); = 15%

Test for overall effect: Z =2.16 (P = 0.03)

1.9.4 Atelectasis

Lin ef al. 2008 [17]

3 20
Licker et al. 2009 [18] 28

4

1

558
20

50
648

Weingarten et al. 2010 [19]

Yang et al. 2011 [21]
Subtotal (95% CI)

Total events 36

57

Heterogeneity: Chi2 = 1.69, df =3 (P = 0.64); 2= 0%

Test for overall effect: Z =2.43 (P =0.01)

Test for subgroup differences: Chi2 = 3.55, df =2 (P = 0.17), /2 = 43.7%

0.50 [0.14, 1.79]
0.24[0.09, 0.63]
0.33[0.01, 7.72]
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Table 2 Iutraupemtiv@ ventilator settings for the PROVAR trial

Conventional ventilation

Variable ventilation

0.35
5 cmH,O
8 ml/kg

Adjusted according normocapnia (4.6-6.0 kPa)
1:1

30 L/min, adjusted in case of flow limitation
40 cmH,O

0.35

5 cmH,0O

Mean value of 8 ml/kg. breath by breath variability with a
CV Vrof 30%

Adjusted according normocapnia (4.6 to 6.0 kPa)

1:1

30 L/min. adjusted in case of flow limitation

40 cmH,O







