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Experimental Control Mean Difference Mean Difference

_Study or Subgroup  Mean _SD_Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% C1
Chaiwat 2010 27 318 51 45 618 49 190%  -1.80(-374,0.14] =
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Variable All animals (n = 12)

S5(n=4)
Cerebral variables
1CP (mmHg) 644 1243 003
PRx ~0.129.+0.238 ~0.109.£0.105 087
RAP ~0.090 £ 0.153 0.192£0.105 001
CPP (mmHg) 78413 6945 025

Respiratory variables

PaCO, (mmHg) 434 are4 042
Pa0; (mmHg) 188+ 30 188+ 15 0.94
PaO,/FiO, (mmHg) 470£75 47038 100
VT (ml) 179 (174-183) 179.(174-193) 086
RR (breaths/min) 317 2812 037
Ppeak,, (cmH,0) 205444 17705 012
Ppeak., (cmH,0) 8839 9412 0.79
Ppeak; (cmH,0) 116439 8321 o4
Paw, (cmH,0) 142430 129406 0.27
Paw,. (cmH,0) 45505 45£02 091
TPP, (cmH,0) 69432 4619 022
TPP.. (cmH,0) 05%21 —1x19 024
TP (cmH;0) 92£37 8722 0.80
Pes,, (cmH,0) 73£33 83£16 058
Pes.. (cmH.0) 4£21 55+16 024
E,, (cmH,0/) 53 (47-59) 47 (42-50) 029
Eo (cmH0/L) 19 (14-23) 15(9-21) 055
Ey (cmH,O/L) 33 (24-41) 26(26-31) 081
MP,, (J/min) 7(6-11) 7(6-7) 0.68
MPi (J/min) 5(3-6) 28(2-3) 0.10
MPyssop (J/min) 5(3-6) 3(2-3) 009

Hemodynamic variables

ABP (mmHg) 80 (75-90) 80 (80-82) 093
CVP (mmHg) 1222 1322 020
PAP (mmHg) 204 214 046
€O (L/min) 36%1 4307 028
EVLW (mL) 267 (244-366) 277 (253-312) 0.68
SVV (%) 653 843 030
Body temperature (°C) 385 (38.2-38.5) 385 (38.4-38.5) 077

The table presents baseline physiological values measured before intervention and p-values for group comparison. Values are presented as mean  SD or median (IQR). p: p-values comparing
the prone and supine groups (two-sample t-test for normally distributed variables and Mann~Whitney U testfor non-normally distributed variables). P5: Animals starting interventions in
prone, positive end-expiratory pressure 5 cmH, 0. $5: Animals starting interventions in supine, positive end-expiratory pressure 5 cmH,O. Ey, Ee MPig and My, were normally
istributed but presented as median and IQR to allow comparison with non-normally distributed variables E; and MP,.
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1037 Records in English were
included:
PubMed (n =749 )
Web of science (n =129)
Cochrane(n =41)
Embase(n=118)

Records removed before
screening:
Duplicate records removed
(n=150)

|

Reports after duplicates removed
(n=887)

Reports not retrieved
(n=2811)

v

Reports assessed for eligibility
(n=76)

i d

Reports excluded:
Irrelevance of the research
topic(n = 36)
Incomplete data (n =20)
Meta-analysis (n =9 )

Reports of included studies
(n=11)
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Incidence of PPCs Grading of PPCs

o
) Grade 1 Grade 2 Grade 3 Grade 4
LPV group* 0 400) 3 1 0 0
Control group 0 7(17.5) 5 2 0 0

PPCs, Postoperative Pulmonary Complications.* The Incidence of PPCs within 7 days after surgery did not differ between the groups, p=0.516.
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Grade 1

Cough, dry

Microatelectasis: abnormal lung findings and temperature > 37.5 °C without other

documented cause; results of chest radiograph either normal or unavailable

Dyspnoea, not due to other documented cause

Grade 2

Cough, productive, not due to other documented cause

Bronchospasm: new wheezing or preexistent wheezing resulting in change therapy

Hypoxemia: alveolar-arterial gradient 29 and symptoms of dyspnoea or wheezing

Atelectasis: radiological confirmation plus either temperature>>37.5 °C or abnormal lung
findings

Hypercarbia, transient, requiring treatment, such as naloxone or increased manual or

mechanical ventilation

Adverse reaction to pulmonary medication

Grade 3

Pleural effusion, resulting in thoracentesis

Pneumonia, suspected: radiological evidence without bacteriological confirmation

Pneumonia, proved: radiological evidence and documentation of pathological organism by

Gram stain or culture

Pneumothorax

Reintubation postoperative or intubation, period of ventilator dependence does not exceed
48 hours

Grade 4

Ventilatory failure: postoperative ventilator dependence exceeding 48 hours, or reintubation

with subsequent period of ventilator dependence exceeding 48 hours
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Assessed for eligibility

(n=280)

Enrolment

Excluded (n = 0)
f—" Did not meet the inclusion
criteria (n = 0)

Randomized (n =80) Declined to participate (n =0)

Allocated to control group (n = 40)
Received allocated intervention (n =40)
Did not receive allocated intervention (n =0)

Allocated to lung protective group (n = 40)
Received allocated intervention (n =40)
Did not receive allocated intervention (n =0)

Lost to follow-up (n =0) Lost to follow-up (n = 0)
Discontinued intervention (n = 0) Discontinued intervention (n=0)
Analysed (n = 40) Analysed (n=40)

Excluded from analysis (n = 0) Excluded from analysis (n = 0)
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Parameters LPV group Control group Mean differences P value

(n = 40) (n =40) (95% CI)
T Incidence of significant atelectasis 32(80) 31(77.5) 0785
Lung ultrasound score 73545.06 5855414 150 (~0.56 10 3.56) 0151
PO, (mmHg) 2606442343 262392589 ~1.75 (127410 9.25) 0752
PaCO; (mmHg) 3832£3.15 37944416 037 (~1.2710202) 0,653
PaO; /FiO; (mmHg) 434403905 4373144306 ~291(-21.23 10 15.41) 0752
Py (cmH,0) 110(103,120) 14(13.0,15.0) <0.001%
Cydn (mL/cmH,0) 6342244 4174110 217(1.33 10 3.00) <0.001%
autoPEEP (cmH,0) 01 0(0.1) 0772
) Incidence of significant atelectasis 25(62.5) 35(87.5) 0.010*
Lung ultrasound score 6352266 10952407 ~460 (~6.13t0 =3.07) <0.001%
PO, (mmHg) 2482642430 200622968 38.64 (26,57 10 50.72) <0.001%
PaCO; (mmHg) 4768336 38344286 9.35 (796 10 10.73) <0.001%
Pa0,/FiO, (mmHg) 4137744050 3493724947 6440 (44.28 10 84.53) <0.001*
Pyt (cmH,0) 140 (14.0,15.0) 17(17.0,18.0) <0.001%
Cydn (mL/cmH,0) 407£1.26 339089 0.68(0.1910 1.17) <0.001%
™ Incidence of significant atelectasis 22(55) 36 (90) 0.0005*
Lung ultrasound score 6654315 12534429 588 (~7.55 0 ~4.20) <0.001%
PO, (mmHg) 2469422549 17253+ 14.86 7441 (65.12 10 83.70) <0.001%
PaCO; (mmHg) 48242339 40992235 7.26(5.96 10 8.56) <0.001%
P10, /KO, (mmHg) 411564249 2875422476 124,02 (108.54 t0 139.50) <0.001%
Py (cmH,0) 110(11.0,120) 145 (13.0,15.0) <0.001%
Cydn (mL/cmH,0) 593£1.93 410107 183 (11410 253) <0.001%
T4 Incidence of significant atelectasis 14(33) 29(725) 0.001%
Lung ultrasound score 550£2.75 800£2.92 ~250(-3.76 0 —1.24) <0.001%
PaO; (mmHg) 85424373 72044672 13.38 (1096 t0 15.80) <0.001%
PaCO, (mmHg) 406543.58 40554321 0.10 (~1.41 10 1.62) 0893
PaO, /FiO; (mmHg) 427.09+18.63 360203359 6689 (54.80 t0 78.98) <0.001%
TS Incidence of significant atelectasis 13(325) 19(47.5) 0171
Lung ultrasound score 430187 500243 ~0.70 (~1.67100.27) 0153
Time to extubation, min 150(13.0,185) 180 (16.0,20.0) 0.003*
PACU duration, min 295(2933) 340(305,35.8) <0.001%

Values are median (inter-quartile range), (%), or mean  standard deviation. * P value <0.05. T1 was 5 min post-intubation, T2 was 5 min post-pneumoperitoneum, T3 was at the end of
surgery, T4 was post-extubation, and T5 was prior to discharge from the PACU.
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MAP (mmHg) at T1
HR (bpm) at T1
SpO, (%) at TI
MAP (mmHg) at T2
HR (bpm) at T2
SpO, (%) at T2
MAP (mmHg) at T3
HR (bpm) at T3
SpO, (%) at T3
MAP (mmHg) at T4
HR (bpm) at T4
SpO, (%) at T4

Values are mean + standard deviation, median (range).

5583578

130.43£9.74
100 (97-100)
5625405

123254634
100 (97-100)
55.60+4.04

118.95+5.03
100 (98-100)
60752341

13293£9.29

100 (97-100)

57.05£6.40

12854£9.67
100 (98-100)
57.49£4.20
121184673
100 (98-100)
56.28+3.83
11756457
100 (98-100)
61774421
132978.79

100 (96-100)
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Variables

Age/month

Sex (male/female), n
Height, cm

Weight, kg

Duration of surgery, min
Duration of anesthesia, min

Values are median (inter-quartile range), 1 (%).

LPV group (n = 4

25(1.845)
28/12
59.0(56.5,65.0)
60(53,7.0)
1415 (1205.189.3)

1895 (1722,237.0)

29(1.7,44)
34/6
58.0(55.0,64.0)
61(50,7.8)
1535 (123.0,195.5)

189.5 (157.3,227.8)

L group (n = 40)

P value
0788
0181
0.451
0.496
0630

0.507
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Variables Non-survivors Survivors

(n=231) (n = 369)
Age, years 66.0 (59.0-74.5) 69.0 (59.0-76.0) 0.106
Sex, female 84(36.4) 122 (33.1) 0.459
Body mass 22.8 (20.4-24.8) 222(19.6-24.9) 0.155
index, kg/m?
Comorbidities
Diabetes 60 (26.0) 105 (28.5) 0.570
mellitus
Cardiovascular 26 (11.3) 50 (13.6) 0.486
disease
Chronic lung 57 (24.7) 103 (27.9) 0.437
disease
Chronic liver 42(18.2) 39(10.6) 0.011
disease
Chronic 31(134) 60 (16.3) 0.304
kidney disease
Hematological 59 (25.5) 55 (14.9) 0.002
malignancies
Solid 76 (32.9) 85(23.0) 0.010
malignant
tumor
History of 71(30.7) 73 (19.8) 0.003
steroid use
Reason for ICU admission 0.007
Respiratory 135 (58.4) 252 (68.3)
Cardiovascular 53(229) 58 (15.7)
Septic shock 32(13.9) 31(8.4)
Neurologic 1(0.4) 8(22)
Gastrointestinal 5(22) 4(1.1)
Others* 5(22) 16 (4.3)
Initial SOFA 12 (9-16) 9(6-12) <0.001
score
Laboratory test
White blood 108 (2.1-18.2) 11.1(7.0-15.7) 0.144
cell count,
10°/uL
ANC, 7.9(1.7-15.2) 9.3 (5.8-13.3) 0.050
x10%/pL
Hemoglobin, 9.1(7.9-11.0) 9.6 (8.5-11.2) 0.003
g/dL
Platelet, 83 (30-195) 155 (77-249) <0.001
x10°/pL
Total bilirubin, 1.1(0.6-2.8) 0.7 (0.4-1.3) <0.001
mg/dL
AST 51.0 (27.0-153.5) 37.0 (23.0-71.0) <0.001
ALT 31.0 (18.0-83.5) 26.0 (14.0-49.5) <0.001
Blood urea 28.1(18.4-43.2) 25.1(16.8-39.0) 0.149
nitrogen
Creatinine, 1.1(0.7-1.7) 0.9 (0.6-1.6) 0.031
mg/dL
ARDS category** 0.003
Mild 62(26.8) 132 (35.8)
Moderate 121 (52.4) 195 (52.8)
Severe 48 (20.8) 42 (11.4)

Values are expressed as median (interquartile range) or 1 (%).
AL, alanine aminotransferase; ANC, absolute neutrophil count; ARDS, acute respiratory
distress syndrome; AST, aspartate aminotransferase; ICU, intensive care unit; SOFA,
Sequential Organ Failure Assessment.

*Others included hepatic, renal, and metabolic disorders.

*Mild = 200 mmHg< partial pressure of oxygen in arterial blood (PaOz)/fractional
concentration of inspired oxygen (FiO2) < 300 mmHg, moderate = 100 mmHg< PaO,/FiO;
< 200 mmHg, severe = PaO,/FiO; < 100 mmHg.
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Variables Non- Survivors

survivors (n = 369)
([ = 2&51)

Ventilatory variables

Respiratory rate, 22 (20-25) 21 (18-24) <0.001
breaths/min

Tidal volume, mL 445 (372-536) 419 (357-515) 0.048
Tidal 7.8 (6.6-9.2) 7.4(6.2-8.8) 0.055
volume/predicted

body weight, mL/kg

Peak pressure, cm 243 (20.0-28.0) 22.0 (19.0-25.9) <0.001
H,0

PEEP, cm H,0 80 (5.0-8.5) 7.0 (5.0-8.0) 0.779
FiO, 50.0 (40.0-60.0) 60.0 (50.0-80.0) <0.001

Respiratory indices

Driving pressure, 16.0 (13.5-20.0) 15.0 (12.0-18.0) 0.001

cm H,O

Mechanical power, 21.8 (17.5-30.4) 18.8 (14.8-25.0) <0.001

J/min

LTCqyn, mL/cm 27.8(21.2-35.6) 28.9(22.1-36.9) 0.372

H,0

PBW-MP, J/min/kg 0.394 0.327 <0.001
(0.303-0.527) (0.257-0.436)

LTCayn-MP, cm 8,780 7,371 <0.001

H,O0/min (5,786-12,880) (5,000-10,296)

Power index,, cm 6,386 5,429 0.005

H,O/min (4,164-10,209) (3,604-8,149)

Ventilatory ratio 1.57 (1.25-1.98) 1.43 (1.12-1.74) <0.001

In-ICU treatment

Vasopressor use 216 (93.5) 252(68.3) <0.001
Systemic 172 (74.5) 220 (59.6) <0.001
glucocorticoid
Neuromuscular 54(23.4) 51(13.8) 0.004
blocking drug

Clinical outcomes

Length of stay in 6.0 (2.0-12.0) 8.0 (5.0-13.0) <0.001
ICU, days

Ventilator-free days 22.0 (19.0-26.0) 24.0 (21.0-26.0) 0.109
at day 28, days

Weaning success 33(14.3) 295 (79.9) <0.001
Hospital mortality 231 (100.0) 179 (48.5) <0.001
Length of stay in 12.0 (4.0-23.0) 27.0 (15.0-46.5) <0.001
hospital, days

Values are expressed as median (interquartile range) or n (%).

FiOy, fractional concentration of inspired oxygen; ICU, intensive care unit; LTC, lung-
thorax compliance; MP, mechanical power; PBW, predicted body weight; PEEP, positive
end-expiratory pressure.
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Variables OR (95% Cl)  p-value

Respiratory rate, breaths/min 107 (103-1.12) <0.001
Tidal volume/PBW, mL/kg 107 (099-1.14) 0.076
Peak pressure, cm H,0 1.06 (1.02-1.09) <0.001
Driving pressure, cm H;O 1.06 (1.02-1.10) 0.002
PEEP 099 (0.95-1.04) 0.794
FiO, 1.02 (101-1.03) <0.001
Pa0;,FiO, < 200 1.52 (1.06-2.19) 0.023

Ventilatory indices

Mechanical power, J/min 1.04 (1.03-1.06) <0.001
Ventilatory ratio 149 (1.15-1.96) 0.003
LTCyyn, mL/cm H,0 100 (0.99-1.01) 0.676
PBW-MP, per 102 J/min/kg 102 (101-1.03) <0.001
LTCayn-MP, per 1,000 cm H,O/min 107 (1.04-1.11) <0.001
Power index;s, per 1,000 cm H;O/min 1.04 (101-1.07) 0.013

CI, confidence interval; FiOy, fractional concentration of inspired oxygen; ICU, intensive care
unit; LTC, lung-thorax compliance; MP, mechanical power; OR, odds ratio; PaO;, partial
pressure of oxygen; PBW, predicted body weight; PEEP, positive end-expiratory pressure.
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Variables 3Adjusted OR (9

Mechanical power, J/min 1.03 (1.01-1.05) 0.006
Driving pressure, cm H,O 1.02 (0.98-1.07) 0.290
Ventilatory ratio 1.39 (1.02-1.92) 0.040
LTCayn, mL/cm H,0 1.00 (0.99-1.02) 0550
LT Cayn-MP, per 1,000 cm 1.04 (1.00-1.08) 0.090
H,0?/min

PBW-MP, per 10~ J/min/kg 1.02 (1.00-1.03) 0.009
Power index;,, cm Hy0%/min 1.02 (1.00-1.06) 0170

“Multivariable regression models included age, hematologic malignancy, solid tumor,
respiratory cause at ICU admission, initial SOFA score, and ARDS severity (PaOy/FiOz;
reference > 200).

CI, confidence interval; FiOy, fractional concentration of inspired oxygen; ICU, intensive care
unit; LTC, lung-thorax compliance; MP, mechanical power; OR, odds ratio; PBW, predicted
body weight.
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haracteristics Group C

(n=18)
PaO; (mmHg) 228(217,249) | 237(227,252)
PaCO, (mmHg) 40.5(37,43) 39(37,43)
Pl 459(434,488) | 469(458,496)
Po 15(13,15) 14013, 14)
Pie 1059, 11) 9509, 10)
Pras 18017, 18) 17016, 18)
Cis 41857 446456

0542

0938

0.606

0279

0279

0323

0.141

Py plateau pressure; s, driving pressures P, peak pressures Cis, compliance of the

respiratory system.
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Characteristics Control Study

group group
(n =18) (n=18)

EIP (%) 10 30

PaO, (mmHg) 239(223,260)  256(244,263) 0.143
PaCO; (mmHg) 38(36, 42) 365(35,41) 0355
PuoiFor 4895(451,522)* | 5263(4878, 0029

543.8)*

P 14013, 15)* 1202,13) % 0,000
Pu 100,11) * 8(5,9)* 0000
P 17016, 18) 1817, 18) 0.192
[ 37255% $34561% 0000

EIR end- inspiratory pause; Py, plateau pressure; P, driving pressure; P, peak pressure;
Cr compliance of the respiratory system. *Compared with the control group, the difference
was significant at 0.05 level
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haracteristics Group C

(n=18)

Age (R £s, years) 56647.7 512469 0324
Gender (female/male, n) 1078 8/10 0740
BMI (% +5, kg/m?) 243420 22116 0.061
ASA grade (I/11/111, n) 51172 71912 0.887
NYHA grade (111, n) 513 7m 0725
Pa0; basal (mmHg) 82185 8474100 0407
PaCO; basal (mmHg) 380£27 393438 0256
Puos/Fon basal 3906 £40.7 4031 £47.8 0407
P basal 130214) 1202,13) 0.462
Py basal 9(8,10) 8(8.9) 0462
P basal 16(15,17) 15(15,16) 0226
Cy basal 488472 523281 0176
Operation time (X 5, 16044312 1668257 0508
min)

Anesthesia time (X £5, 18724349 1933309 0578
min)

BMI, Body Mass Index; ASA, American Society of Anesthesiologists; NYHA, New York
Heart Association; P, plateau pressure Pay, driving pressurc; Py, peak pressure; Cru
compliance of the respiratory system.
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Country

India

Germany

France

France

France

France

France

Italy

USA

Study Total No. of
design patients
RCT 76
RCT 40
RCT 1y
RCT 184
RCT 5
RCT 201
RCT 313
RCT 49
RCT 310
RCT 81
RCT 1,301

Mean age (years)

48428

54£13

619414

6035+ 17.31

64x11

65351279

61513

62.6448.65

61£16

649161

609439

425

6310

5934145

564242035

6015

63.06+15.79

60,86+ 9.46

59417

6117

6954158

60937

Quality assessment

Intervention

Main exposure

HENC and BVM

HENC 50 L/min, FiO;: 1.0

HENC 60 L/min, FiO;: 1.0

HENC 60 L/min, FiOy: 1.0

NIV tidal volume 7-10 mL/kg, Fi
1.0, PEEP: 5 cmHLO

NIV tidal volume 6-8 mL/kg, FiOy: 1.0,
PEEP: 5 cmH,0

NIV tidal volume 6-8 mL/kg, FiO:
PEEP: 5 cmH,0

HFNC 60 L/min, FiO;: 1.0 and NIV

FiO;: 1.0, PEEP: 5 cmH,0

HENC 50 L/min, FiOy: 1.0

NIV 90-140 L/min, PEEP: 10 cmH,0

NIV FiO;: 100%,

HENC, high-flow nasal cannula; NIV, non-invasive ventilation; COT, conventional oxygen therapy; PEEP, positive end-expiratory pressure.

Comparator
BVM

10 Limin

15 Limin

15 Limin

15 Limin

15 Limin

HENC 60 L/min,
FiO;: L0

NIV FiO;:1.0, PEEP:

5cmH20

10 L/min, NIV tidal
volume 7-10 ml/kg
PEEP: 2-10 cmH,0

cot

Outcomes

Lowest SpO, during intubation, post-intubation-
related complications, ICU mortality

“The incidence of post-intubation SpO; <80%, post-
intubation-related complications

‘The incidence of post-intubation SpO, <80%,
lowest SpO; during intubation, post-intubation-
related complications, ICU LOS, ICU mortality
The

idence of post-intubation SpO; <80%,

lowest SpO; during intubation, post-intubati

related complications, ICU LOS, ICU mortality

“The incidence of post-intubation SpO, <80%, post-
intubation-related complications, ICU LOS, ICU
mortality

‘The incidence of post-intubation SpO; <80%,
lowest $pO; during intubation, post-intubation-
related complications, ICU LOS, ICU mortality
‘The incidence of post-intubation SpO, <80%,
lowest SpO, during intubation post-intubation-
related complications, ICU LOS, ICU mortality
The incidence of post-intubation SpO; <80%,
lowest SpO; during intubation, post-intubation-
related complications, ICU LOS, ICU mortality
Post-intubation related complications, ICU

mortality

‘The incidence of post-intubation SpO, <80%, post-
intubation-related complications, ICU LOS, ICU

mortality

The

idence of post-intubation SpO; <80%,
ntubat

lowest SpO; during intubation, post

related complications, ICU mortality
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Certainty assessment No. of patients Certainty

No. of Study Risk of Inconsistency Indirectness Imprecision Other Experimental control

studies design bias considerations group group
© 9 RCT Notserious  Serious™ Not serious Serious® None 104/1,154 182/1,187 0000
] 7 RCT Notserious  Not serious Not serious Serious® None 1,106 1,137 DOOO
<] 10 RCT Notserious  Serious™ Not serious Serious® None 4501,388 453/1,299 0000
® 7 RCT Notserious  Serious® Not serious Serious® None 490 510 ®000
® 10 RCT Notserious  Serious™ Not serious Serious® None 399/1,389 402/1,298 0000

© The incidence of post-intubation SpO, <80%, @ lowest SpO; during intubation, © post-intubation-related complications, ® ICU length of stay, and ® ICU mortality. 80O Low. @@©0 Medium.
‘Down one level: inconsistent outcome indicators.
"Down one level: sample size of study too small
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