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ORIGINAL ARTICLE

A Trial of Intraoperative Low-Tidal-Volume
Ventilation in Abdominal Surgery
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Unadjusted Adjusted

Relative Risk or Relative Risk or
Monprotective Lung-Protective Between-Group Between-Group
Ventilation Ventilation Differance Differance
Variable [N =200 [N =200) [95% Cl) Pvaluef  [95% Cl)% P Value

Primary composite outcome — no. (3&)

within 7 daysf 55 (27.5) 21(10.5)  0.38 (0.24-0.61) 0.40 (0.24-0.68)

Within 30 days 58 (29.0) 25 (11.5) 0.43 (0.28-0.66) 0.45 (0.28-0.73)
Secondary outcomes — no. (26)

Pulmonary complication within 7 days9

Grade 1 or 2 30 (15.0) 25 (12.5) 069 (0.42-1.13) 014 067 (039-1.16)  0.16

Grade =3 42 (21.0) 10 (5.0) 0.24 (0.12-0.46) <0001  0.23 (0.11-0.49)  =0.001
Atelectasis within 7 days)| 34 (17.0) 13 (6.5) 038 (0.21-0.70) 0001 037 (0.19-0.73)  0.004
Pneumnonia within 7 days 16 (8.0) 3 (L.5) 0.19 (0.05-0.63) 001 019 (0.05-0.66)  0.009
Acute lung injury or ARDS within 7 days 6 (3.0) 1(0.5) 0.17 (0.02-137) 012  0.21(0.02-1.71)  0.14
MNeed for ventilation within 7 days

Invasive 7 (3.5) 2 (1.0) 029 (D.06-136) 051  0.40(0.08-197) 026

Noninvasive 79 (14.5) 9 (4.5) 031 (0.15-0.64) 0006 0.29 (0.13-0.65)  0.002
Extrapulmonary complication within 7 days

SIRS 100 {50.0) 86 (43.0)  0.86(0.70-1.06) 016  0.87 (0.65-1.17)  0.37

Sepsis 29 (14.5) 13 (6.5) 0.45 (0.24-0.84) 004  0.48(0.25-093)  0.03

Severe sepsis or septic shock 9 (4.5) 8 (4.0) 0.89 (0.35-2.26) 0.80  148(0.51-432) 047
Death within 30 days 7 (3.5) 6 (3.0) 0.86 (0.29-2.51) 0.80 113 (0.36-3.61)  0.83
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B CARING FOR THE
CRITICALLY ILL PATIENT

Association Between Use of Lung-Protective
Ventilation With Lower Tidal Volumes
and Clinical Outcomes Among Patients

Without Acute Respiratory Distress Syndrome
A Meta-analysis
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Lung injury Hfﬁ{% EI:TE

Gaijic et al,'6 2004

Michelet et al,2% 2006

Yilmaz et al,23 2007

Licker et al,26 2009

Determann et al,2” 2010

Yang et al,3' 2011
Fernandez-Bustamante et al,2° 2011
Weingarten et al,%2 2012

Subtotal (95% CI)

Total events

Heterogeneity: 2=3.74; P=.81,/°=0%
Test for overall effect: z=6.06; P<.001

e

Mortality
Michelet et al,2% 2006
Wolthuis et al,?2 2007
Yilmaz et al,23 2007
Licker et al,26 2009
Determann et al,2” 2010
Fernandez-Bustamante et al,2° 2011
Sundar et al,%% 2011
Yang et al,3" 2011
Weingarten et al,%2 2012

Subtotal (95% CI)
Total events

Heterogeneity: x5=6.94; P=.54, 1°=0%
Test for overall effect: z=2.68; P=.007

1
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High V, No. Low V-, No.
| Events Total . Events Total |

32 100 12 66
6 26 3 26
60 212 17 163
20 533 5 558
10 74 2 76
4 50 1 50
5 75 7 154
1 20 0 20
1090 1113

138 47
1 26 2 26
2 13 3 23
69 212 27 163
15 533 13 558
23 74 24 76
1 75 3 154
2 74 1 75
1 50 0 50
1 20 1 20
1077 1145

115 74

Weight, %

18.1
4.6
40.7
17.7
8.6
3.4
5.6
1.3

100.0

NNT 11

1.0
2.5
556.7
16.7
17.7
1.5
2.2
1.7
1.1

100.0

NNT 23

RR (95% Cl)

0.47 (0.22-1.00)
0.43 (0.10-1.97)
0.29 (0.16-0.53)
0.23 (0.09-0.62)
0.17 (0.04-0.82)
0.23 (0.03-2.18)
0.67 (0.20-2.17)
0.32 (0.01-8.26)

( )

0.33 (0.23-0.47

2.08 (0.18-24.51)
0.82 (0.12-5.71)
0.41 (0.25-0.68)
0.82 (0.39-1.75)
1.02 (0.51-2.04)
1.47 (0.15-14.38)
0.49 (0.04-5.48)
0.33 (0.01-8.21)
1.00 (0.06-17.18)
(
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Inclusion criteria
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Exclusion criteria
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Primary outcome
Postoperative pulmonary complication score

BOEZIR. L > N EELL. BT<37.5 BEEFFIRAKZE

IR, wheeze, Sp02<90%(r/a). FAERXPEE.
BT>37.5. PaC0O2>50

K. B (L2 T 2@k, Bk B, FEL BRRIE
) . s, NIPPVIEA (B&3=1%5 T CSp02<92%. 51X
L DiEzRIGS. RR>30) . 48K ELIAROBEHEE NIPPVE
ST N T IkaxE 4805 ERiG

T2 48K EI LA LD AN TN EIE

IRBERIDIET



Secondary outcome
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Post hoc outcome
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4483 Patients undergoing elective
CABG or cardiac valve surgery
were assessed for eligibility

3544 Excluded
1255 Previous cardiac surgery
1136 Pa04:FI0, =250
501 Age <1Bor=B0y
> 333 LVEF <35%
145 Previous lung disease
100 Mean pulmonary arterial
pressure >315 mm Hg
70 BEMI <20 or >40

939 Screened
619 Excluded
— 607 Enrolled in another study
12 Refused participation

¢~ 320 Randomized j

_'_'___o-" I e



= D AT

157

Randomized to receive intensive
recruitment strategy

157 Received intensive recruitment
strategy as randomized

163 |[Randomized to receive moderate

recruitment strategy

163 Received moderate recruitment
strategy as randomized

v

v

157 Assessed until discharge or
hospital death

163 Assessed until discharge or
hospital death

'

v

157 |Included in the primary analysis

163 |Included in the primary analysis




Table 1. Baseline Characteristics®

N—ATA 2

Recruitment Strategy
Intensive Moderate

Variables (n=157) (n = 163)
Men 08 (62) 97 (60)
Age 62 (56-68 63 (57-70
Weight, kg /6 (68-86) 76 (68-86)
BMI 28 (25-31) 28 (24-30)
PBW, kg™ 62 (52-68) 62 (52-68)
LVEF, % 60 (50-65) 60 (50-65)
Creatinine, mg/dL 1.1(0.9-1.3) 1.1{0.9-1.4)
Comorbid conditions

Hypertension 137 (87) 134 (82)

Dyslipidemia a7 (62) 100 (61)

Diabetes mellitus 71 (45) 70 (43)

Angina 69 (44) 63 (39)

Previous AMI 44 (28) 49 (30)

Smoking 38 (24) 44 (27)

Heart failure © 27 (17) 33 (20)

RV dysfunction # 10 (&) 11(7)

Liver disease 3 () 3(2)
EurcSCORE® 3 (2-5) 3 (2-5)
Parsonnett score’ 7 (4-11) 8(4-12)

2EFCIEREAEZENDSIRLY
Fip(F601%

BMI (31328

EF(X60% &I EE R T
ERIE R (X4 E B2
IDAZEDEHE(EFI20%
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Table 2. Intraoperative Characteristics

Recruitment Strategy, No. (%) of Patients

Intensive Moderate
Variables {n=157) (m=163)
Type of surgery
CABG 116 (74) 119 (73)
Valvular repair 35 (22) 36 (22)
Combined 6 (4) 8 (%)
Duration of surgery, median (IQR), min 380 (340-450) 390 (335-450)
Use of CPB 134 (85) 135 (83)
Length of CPE, median (IQR), min ol (78-104) o0 (75-107)
No. of grafts
1 3(2) 8 (5)
2 30 (19) 35 (21)
=3 B9 (57) B4 (52)
Type of graft
Mammary arterial 122 (78) 127 (78)
Saphenous vein 112 {71) 121 (74)
Radial arterial 10 (&) 4 ()
Alveolar recruitment maneuver during surgery® 49 (31) 44 (27
Drug exposure
Dobutamine 148 (94) 152 (94)
Epinephrine 18 (12) 14 (9
Nitroglycerin 53 (34) 47 (29)
Nitroprusside 40 (26) 42 (26)
Norepinephrine 15 (10) 21 (13)
Fluid balance, median (1QR), L® 3.1(2.4-3.7) 3.0 (2.0-3.7)
Net blood loss, median (1QR), L 0.3 (0.1-0.5) 0.3 (0.1-0.4)

(accounting for transfused red blood cells)
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Primary outcome

Recruitment Strateqy
Intensive Moderate Odds Ratio (95% CI) PValue
Variables (n=157) (n=163) or Absolute Difference, % (95% CI) Unadjusted
Primary outcome
Pulmonary complication severity score 1.7(1to 2) 2 (1.5 to 3) 1.86 (1.22 to 2.83)" 003"
Dichotomized as grade, No. (%)°
=) 099 (63) 122 (75) -118(-216to-1.7)
[ 23 24 (15) 43 (26) -11.1(-198to-2.2) ]
=4 4(25) 3(4.9) -24(-71to2.2)

Grade 3 _EDMiEMEHEE(EIntensive RMEETAMRLY

Modifled score of pulmonary complications
[ ] Gradeo [ JGrade1 []Gradez [[]Grade3 [JjGrades [ Grades

(N symptoms) (death)
Intensive recruitment
strategy (n=157) | . 75 20 B
.III __-'...l. F..l"'.-. |:.
Moderate recruitment 0 ; - ﬁ
strategy (n=163)
] llﬂ 4I{I Eu:[I EIIZII ltlll}

Patients, %
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Daily pulmonary complications (%)

20 1

60 -

80 1

100 hh

1 2 3 4 5

Intensive-RS

grade 0 ([no complications)

grade 1 [e.g. simple atelectasis)

grade 2 [e.g. hypoxemia plus
abnormal lung findings)

1 2 3 4 5 (PO. Days)
Moderate-RS

grade 3 [e.g. pneumonia, intense NIV need)

grade 4 ([e.g. intubation > 48hs)

- grade 5 [death)



Secondary outcome

Recruitment Strategy

Intensive Moderate Odds Ratio (95% CI) P Value
Variables (n=157) {n=163) or Absolute Difference, % (95% CI) Unadjusted

Secondary outcomes

ICU stay, median (IQR), d 3.8 (3.4-4.3) 4.8(4.2-5.3) -1.0(-1.6 to -0.2)

Hospital stay, median (IQR), d 10.9(9.9-11.9) 12.4 (11.3-13.6) -15(-3.1t0-0.3) .04
Hospital death, No. (%) 4 (2.5) B (4.9 =24 (-7.1to2.2) 27"
Barotrauma, No. (%)F 0 1 (D.6) -0.6 (-1.8 to 0.6) 51=

ICUMTE. ABcERRE(EIntensive RMEBE TG )

Barotraumaldm&  CZ 1D DR L



Other outcome

Recruitment Strategy

Intensive Moderate Odds Ratio (952 CI) P Value
Variables (n=157) (n=163) or Absolute Difference, % (95% CI) Unadjusted
Other outcomes
Need of supplemental 0,>24 h g3 (59) 125(77) -175(-27.2t0 -1.2) 001"
within first 5 d, No. (%)?
Mechanical ventilation in ICLU, 10.6 (9.6-11.3) 11.7 (10.8-12.5) 1.1(-1.7 to -0.3) 0
mean (95% CI), h?
Extended use of NIV, No. (36)34 6 (4) 25(15) -11.5(-17.2 to -5.2) <. 001"
Pneumonia, No. (3)3+* 15 (10) 17 (10) -09(-7.6t05.9) Jan
Hospital wound infection, No. (%) 13 (B) 12(7) 0.3(-5.8 to6.4) Je"
Blood loss =300 mL in first 6 h 5(3) 11(7) -3.6(-B.8to1.4) 14"
after surgery, No. (%)
Cardiovascular complications,
whole hospital stay, No. (%)
Septic shock 3(2) 4(3) -0.5(-4.4t0 3.3) J4n
Atrial fibrillation 13 (8) 16 (10) -1.5 (-8.0 to 5.0) 63"
Reoperation 3(2) 4(3) -0.5(-4.4t03.3) 74n

2405[BILL_EDfEZRIwS . AT HIKkzsHAR.
NIV{ER (Intensive RMEF ML




Secondary outcome®K-MiH#R

Hospital discharge
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PV curve

E Pressure-volume curves

Lurg=Volume Above Functoral

Residual Capacity, mL

Moderate recruitment strateqgy (n=155)

Intensive recruitment strategy (n=150})
2500+

2500
After 4 hof protective ventilztion

00— T At time of 1CU arrival (baselina) 2000-
1500+ 1500+
1000 1000+
500+ SO0
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5 10 15 20 25 30 5 10 15 20 25 30
Airway Pressure, cm H;0 Airway Pressure, cm H,0
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Variables Baseline 15 min 4 hours 15 mun after P-Value P-Value
after 1° 2*RM between- interaction-
RM factor factor

Vr (mL/PBW)
Moderate-RS (i=153) 6.0 (0.9) 6.1 (1.0) 6.0 (1.0) 6.1(1.1) 0.387 0.520
Intensive-RS (N=144) 6.1 (1.4) 6.1 (1.3) 6.1 (1.4) 6.2 (1.4)

Plateau pressure (cmH>0)
Moderate-RS (i=156) | 14.6(2.2) 16.1 (2.1) 164 (2.1) 15922 <10.001 <0.001
Intensive-RS (N=147) 153 (32) 19.6 (2.3) 20.6 (2.6) 191 2.4

Dniving pressure (cmH;0)
Moderate-RS (4=156) 9622 8.12.1) 84(21) 79022 <10.001 <0.001
Intensive-RS =141 | 103(32) | 6.6023) 7.6 (2.6) 6.1(24)

Crs (mL/cmH;0)
Moderate-RS m=155) | 423 (12.8) | 500155 | 479(145) 52.6(17.8) <10.001 <0.001
Intensive-RS (v=144) | 416 (12.7) | 64.6(194) | 549(17.1) | 68.4(19.0)

Pa0yF10,
Moderate-RS (=151) 183 (37 236 (68) 231 (74 239 (74 < 0.001 < 0.001
Intensive-RS (N=142) 181 (33 3 (74 348 (69) 362 (67)
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LHUPROVHILO trial ClItBa 9 D4LER
MNERESINTLYSD

High versus low positive end-expiratory pressure during @':'k ®
general anaesthesia for open abdominal surgery (PROVHILO
trial): a multicentre randomised controlled trial

The PROVE Network Investigators* for the Clinical Trial Network of the European Society of Anaesthesiology
P: HEEF =X TDdERA
I: fif¥R VT 8ml/kg PBW, PEEP 12cmH20 + RM
C: ffli#? VT 8ml/kg PBW, PEEP=2cmH20
O: MBI SHIE — NMTACKDINERDHT
Lancet 2014; 384: 495-503
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