














Chirurgie abdominale:
6 à 80% d IRA postopératoire

mortalité de 6 à 29%

Chirurgie hépatique majeure
25% des cas
mortalité 29%

Chirurgie colorectale: 
5 à 14% des cas

Chirurgie thoracique:
40% atélectasies majeures
30 à 50% d IRA nécessitant une ventilation mécanique
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Study/Year Population Findings

Trauma

Ivatury et al34/1998 70 patients with “severe abdominal trauma” 32% incidence of ACS

Balogh et al35/2003 188 consecutive patients with major torso trauma
requiring shock resuscitation

14% incidence of ACS

Balogh et al45/2011 81 consecutive shock/trauma patients admitted to
an ICU

0% incidence of ACS;
75% incidence of IAP > 12 mm Hg

Burn

Ivy et al36/2000 10 severely burned patients 20% incidence of ACS requiring
surgical decompression;

70% incidence of peak IAP >

25 mm Hg

Strang et al57/2014 Systematic review of 50 publications, reporting
1,616 severely burned patients

4%-17% prevalence of ACS; 65%-
75% prevalence of IAP >

12 mm Hg

Ruptured abdominal aortic
aneurysm

Karkos et al37/2014 Meta-analysis of 1,134 patients in 39 studies
undergoing endovascular repair of ruptured
abdominal aortic aneurysms

8%-17% incidence of ACS

Adkar et al38/2017 1,241 patients undergoing endovascular repair of
ruptured abdominal aortic aneurysms

7% incidence of need for
concomitant laparotomya

Pancreatitis

Al-Bahrani65/2008 18 patients with severe acute pancreatitis 56% incidence of ACS

Aitken et al46/2014 218 patients admitted to a medical ICU with acute
pancreatitis

1% incidence of ACS;
14% incidence of IAP > 12 mm Hg

on admission

Mixed populations

Malbrain et al39/2004 1-d snapshot prevalence study of all 97 patients in
13 general and specialized ICUs across 6 countries

8% prevalence of ACS;
59% prevalence of IAP >

12 mm Hg













Réduction de la capacité motrice des muscles 
respiratoires dans les suites d'une intervention 
chirurgicale thoracique et/ou abdominale

Ford G et al; Diaphragm function after upper abdominal surgery in humans 
Am Rev Respir Dis 1983 ; 127 : 431-6



MMacklem PT: Handbook of physiology, vol 3, 1986





Spo2 in the early postoperative period 
while patients were breathing room air 

Incidence of hypoxemia after surgery 
while patients were breathing room 

air 
Xue FS et al. The influence of surgical sites on early postoperative hypoxemia in adults undergoing elective 

surgery. Anesth Analg 1999; 88:203–219. 



All patients
(n � 994)

Group 1
(n � 288)

Group 2
(n � 452)

Group 3
(n � 254)

Recovery room
Mild airway obstruction 65 (6.5) 16 (5.6) 32 (7.1) 17 (6.7)
Inadequate hemostasis 3 (0.3) 0 (0) 1 (0.2) 2 (0.79)
Hypothermiaa 43 (4.3) 9 (3.1) 21 (4.7) 13 (6.7)
Feverb 31 (3.1) 18 (6.3) 9 (2.0)* 4 (1.6)*

Postoperative period
Upper airway infection 18 (1.8) 2 (0.7) 9 (2.0) 7 (2.8)
Intrathoracic infectionc 8 (0.8) 0 (0) 1 (0.2) 7 (2.8)†
Intraabdominal infection 5 (0.5) 0 (0) 3 (0.6) 2 (0.8)
Death 1 (0.1) 0 (0) 0 (0) 1 (0.4)

Xue FS et al. The influence of surgical sites on early postoperative hypoxemia in adults undergoing elective 
surgery. Anesth Analg 1999; 88:203–219. 



Variation de la 
densité des 
récepteurs 
sympathiques 
viscéraux
Etage sous-
mésocolique:
⇒Pas de dysfonction 

diaphragmatique 
majeure

⇒Peu de complications 
respiratoires



Ford G et al; Diaphragm function after upper abdominal surgery in humans 
Am Rev Respir Dis 1983 ; 127 : 431-6







Hirvonen EA et al, Ventilatory effects, blood gas changes and oxygen consumption during laparoscopic 
hysterectomy Anesth Analg 1995 ; 80 : 961-6



Schwenk W et al; Pulmonary function following laparoscopic or conventional colorectal resection Arch Surg 
1999 ; 134 : 6-12 



Radiographie thoracique avant et 
après la chirurgie

Karayiannakis A et al, Postoperative pulmonary function after laparoscopic and open cholecystectomy Br J 
Anaesth 1996 ; 77 : 448-52





Limités à la période postopératoire immédiate
=>Morphiniques

Hypoventilation alvéolaire
Suppression de la toux et du soupir 
Dépression de la réponse ventilatoire à l hypoxie, 
l hypercapnie

Dépression du tonus des muscles intercostaux

Raccourcissement du périmètre thoracique
⇒Réduction de la compliance

⇒Réduction du VPT
⇒Réduction de la CRF d environ 20%

⇒Zones d atélectasies postop



Rôle dans le réflexe d inhibition diaphragmatique probable
=> rôle des récepteurs abdominaux pariétaux?

Vassilakopoulos T et al, Contribution of pain to inspiratory muscle dysfunction after upper abdominal 
surgery , Am J Respir Crit Care Med 2000 ; 161 : 1372-5 

A: Antalgique
B: Placebo



AAnesthesiology 2000;92:1467-72

Réflexe 
d inhibition 

diaphragmatique

Origine multifactorielle:
« agression » 

chirurgicale
inhibition phrénique 

réflexe
réaction 

inflammatoire
agents anesthésiques
douleur 

postopératoire



Warner DO Anesthesiology 2000;92 (5): 1467

↓↓ CRF
↓ CV (30-40%)
↑ Atelectasies
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Effect of goal-directed haemodynamic therapy on

postoperative complications in lowemoderate risk

surgical patients: a multicentre randomised

controlled trial (FEDORA trial)





The impact of extended bed rest on the 
musculoskeletal system in the critical care 
environment
Selina M. Parry1*  and Zudin A. Puthucheary2,3

















The respiratory pressure—abdominal
volume curve in a porcine model
Adrian Regli1,2,3,4* , Bart Leon De Keulenaer1,3, Bhajan Singh6,7,8, Lisen Emma Hockings2,5, Bill Noffsinger6,8

and Peter Vernon van Heerden2,3,9
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Driving pressure: a marker of severity, a
safety limit, or a goal for mechanical
ventilation?
Guillermo Bugedo* , Jaime Retamal and Alejandro Bruhn



















Coussa M et al. Prevention of atelectasis formation  during the induction of general anesthesia in morbidly 
obese patients. Anesth  Analg 2004; 98:1491–1495



Control (n � 9) PEEP (n � 9) P-value

Pao2 before induction (mm Hg) (Fio2 � 0.21) 80 � 7 (66–87) 85 � 8 (71–94) 0.10
Pao2 after induction (mm Hg) (Fio2 � 1.0) 315 � 100 (223–480) 457 � 130 (231–610) 0.035
Paco2 before induction (mm Hg) 36 � 3 (30–40) 36 � 3 (32–41) 0.76
Paco2 after induction (mm Hg) 40 � 4 (34–45) 36 � 7 (29–52) 0.07

Coussa M et al. Prevention of atelectasis formation  during the induction of general anesthesia in morbidly 
obese patients. Anesth  Analg 2004; 98:1491–1495



Effect of Intraoperative High Positive End-Expiratory Pressure
(PEEP)With RecruitmentManeuvers vs Low PEEP
on Postoperative Pulmonary Complications in Obese Patients
A Randomized Clinical Trial

JAMA | Original Investigation | CARING FORTHE CRITICALLY ILL PATIENT

989 Included in primary analysis

917 Included in per-protocol analysis
72 Excluded from per-protocol analysis

43 Received PEEP level <12 cm H2O
29 Missing mechanical ventilation data

2013 Patients randomizeda

1011 Randomized to receive high level of
PEEP with recruitment maneuversb

993 Received treatment as
randomized

18 Did not receive treatment
as randomized
10 Withdrew consent
5 Did not undergo surgery
3 Met exclusion criteria

1002 Randomized to receive low level of
PEEP without recruitment maneuvers
991 Received treatment as

randomized
11 Did not receive treatment

as randomized
4 Withdrew consent
5 Did not undergo surgery
2 Met exclusion criteria

987 Included in primary analysis

912 Included in per-protocol analysis
75 Excluded from per-protocol analysis

61 Received PEEP level >4 cm H2O
and FIO2 <1.0

14 Missing mechanical ventilation data

4 Lost to follow-up 4 Lost to follow-up



P Value for
Interaction

Favors
High PEEP

Favors
Low PEEP

0.7 21
Risk Ratio (95% CI)

High PEEP
No. With
PPC

Total
No.

Low PEEP
No. With
PPC

Total
No.Subgroups of Patients

Type of surgery

Risk Ratio
(95% CI)

79 240 74 253Nonlaparoscopic 1.09 (0.90-1.32)

130 740 156 727Laparoscopic 0.88 (0.77-1.01)

Body mass indexa

76 336 94 376<40 0.93 (0.77-1.13)

135 653 139 611≥40 0.94 (0.82-1.08)

Peripheral oxygen saturation, %

88 317 112 342<96 0.88 (0.74-1.06)

123 672 121 645≥96 0.99 (0.86-1.13)

Type of incision

32 126 25 126Peripheral 1.16 (0.89-1.53)

179 863 208 861Upper abdominal 0.90 (0.80-1.02)

Waist-to-hip ratio, cm

97 467 100 457<1.0 0.97 (0.83-1.13)

98 447 112 449≥1.0 0.92 (0.78-1.08)

211 989 233 987All patients 0.93 (0.83-1.04)

.08

.97

.35

.11

.65

Effect of Intraoperative High Positive End-Expiratory Pressure
(PEEP)With RecruitmentManeuvers vs Low PEEP
on Postoperative Pulmonary Complications in Obese Patients
A Randomized Clinical Trial

JAMA | Original Investigation | CARING FORTHE CRITICALLY ILL PATIENT



original article

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

NEJM 369;5 nejm.org august 1, 2013 
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original article

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









100 assigned to usual care

23 did not complete MoCA at hospital
discharge

1 withdrew
11 died

5 unable to complete MoCA
6 missing data

77 completed MoCA at hospital discharge 

65 completed MoCA at 1 year*

99 included in intention-to-treat
analysis†

23 did not complete MoCA at 1 year
14 died

6 missing data
3 unable to complete MoCA

200 randomly assigned

100 assigned to early mobilisation

24 did not complete MoCA at hospital
discharge

1 withdrew
14 died

5 unable to complete MoCA
4 missing data

76 completed MoCA at hospital discharge 

62 completed MoCA at 1 year*

99 included in intention-to-treat
analysis†

23 did not complete MoCA at 1 year
15 died

2 refused MoCA testing
6 missing data

Effect of early mobilisation on long-term cognitive 
impairment in critical illness in the USA: a randomised 
controlled trial 
Bhakti K Patel, Krysta S Wolfe, Shruti B Patel, Karen C Dugan, Cheryl L Esbrook, Amy J Pawlik, Megan Stulberg, Crystal Kemple, Megan Teele, 
Erin Zeleny, Donald Hedeker, Anne S Pohlman, Vineet M Arora, Jesse B Hall, John P Kress



Usual care group 
(n=99)

Intervention group 
(n=99)

Age, years 54·5 (41·9–64·7) 57·9 (42·3–66·8)

Sex

Female 44 (44%) 41 (41%)

Male 55 (56%) 58 (59%)

Race

African American 72 (73%) 68 (69%)

White, non-Hispanic 21 (21%) 26 (26%)

White, Hispanic 4 (4%) 4 (4%)

Asian 2 (2%) 1 (1%)

Barthel Index Score 100 (100–100) 100 (100–100)

BMI, kg/m² 29·8 (24·2–35·2) 28·2 (23·7–33·1)

Level of education

High school education or 
higher 

91 (92%) 91 (92%)

Less than high school 
education

8 (7%) 8 (7%)

APACHE II score 23 (16–27) 23 (18–29)

Sepsis* 56 (57%) 63 (64%)

Diabetes 26 (26%) 23 (23%)

Primary diagnosis for ICU admission

Acute hypoxaemic respiratory 
failure

35 (35%) 44 (44%)

Acute ventilatory failure 24 (24%) 17 (17%)

Threatened airway 21 (21%) 19 (19%)

Sepsis* 12 (12%) 14 (14%)

Liver failure 3 (3%) 1 (1%)

Gastrointestinal 
haemorrhage

1 (1%) 2 (2%)

Other 3 (3%) 2 (2%)

Usual care group 
(n=99)

Intervention group 
(n=99)

Effect of early mobilisation on long-term cognitive 
impairment in critical illness in the USA: a randomised 
controlled trial 
Bhakti K Patel, Krysta S Wolfe, Shruti B Patel, Karen C Dugan, Cheryl L Esbrook, Amy J Pawlik, Megan Stulberg, Crystal Kemple, Megan Teele, 
Erin Zeleny, Donald Hedeker, Anne S Pohlman, Vineet M Arora, Jesse B Hall, John P Kress



Usual care group 
(n=99)

Intervention group 
(n=99)

p value

Time from intubation to first PT or OT 
session (days)

4·7 (3·3–6·8) 1·1 (0·8–2·0) <0·0001

Number of daily therapy sessions

Mechanical ventilation 0 (0–0) 2 (1–3) <0·0001

ICU admission 0 (0–1) 4 (2–6) <0·001 

During hospitalisation 2 (1–4) 5 (3–9) <0·0001

Delirium duration in ICU (days) 1 (0–3) 0 (0–2) 0·0050

Proportion of ICU days in delirium 25% (0–55·6) 0% (0–28·6) 0·0011

Coma duration in ICU (days) 0 (0–1) 0 (0–0) 0·62

Proportion of ICU days in coma 0% (0–6·3) 0% (0–0) 0·67

Sedation and analgesia

Patients with propofol infusion 71 (72%) 69 (70%) 0·75

Propofol dose, mg/day 1872·4 (915·2–2803·0) 1259·9 (550·1–2615·0) 0·093

Patients with dexmedetomidine infusion 48 (49%) 48 (49%) 1·00 

Dexmedetomidine dose, μg per day 417·8 (99·9–1452·1) 441·7 (221·9–1030·3) 0·97

Patients with benzodiazepine infusion 9 (9%) 12 (12%) 0·49

Benzodiazepine dose, mg per day 21·6 (7·8–39·9) 22·3 (8·1–38·1) 1·00 

Patients with opiate infusion 84 (85%) 77 (78%) 0·20

Fentanyl dose, μg per day 1647·2 (652·2–2448·2) 1084·1 (531·1–2404·1) 0·32

Ventilator free days* 24·6 (20·8–26·1) 25·2 (22·9–26·4) 0·18

Duration of mechanical ventilation (days) 3·4 (1·9–6·0) 2·7 (1·6–4·5) 0·11

ICU length of stay (days) 5·6 (2·9–9·8) 4·7 (3·0–8·9) 0·51

Hospital length of stay (days) 9·5 (6·0–17·3) 9·7 (5·9–16·8) 0·70

Discharge destination

Death 11 (11%) 14 (14%) ··

Hospice 2 (2%) 2 (2%) ··

Outside hospital 4 (4%) 1 (1%) ··

Long-term acute care 7 (7%) 4 (4%) ··

Subacute rehabilitation 10 (10%) 4 (4%) ··

Acute rehabilitation 12 (12%) 12 (12) ··

Home with outpatient therapy 17 (17%) 11 (11%) ··

Home 36 (36%) 51 (52%) 0·032†

Data are median (IQR) or n (%), unless otherwise stated. ICU=intensive care unit. OT=occupational therapy. PT=physical 
therapy. *Days 1–28. †Home discharge without need for services versus all other discharge possibilities. 

Effect of early mobilisation on long-term cognitive 
impairment in critical illness in the USA: a randomised 
controlled trial 
Bhakti K Patel, Krysta S Wolfe, Shruti B Patel, Karen C Dugan, Cheryl L Esbrook, Amy J Pawlik, Megan Stulberg, Crystal Kemple, Megan Teele, 
Erin Zeleny, Donald Hedeker, Anne S Pohlman, Vineet M Arora, Jesse B Hall, John P Kress
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Effect of early mobilisation on long-term cognitive 
impairment in critical illness in the USA: a randomised 
controlled trial 
Bhakti K Patel, Krysta S Wolfe, Shruti B Patel, Karen C Dugan, Cheryl L Esbrook, Amy J Pawlik, Megan Stulberg, Crystal Kemple, Megan Teele, 
Erin Zeleny, Donald Hedeker, Anne S Pohlman, Vineet M Arora, Jesse B Hall, John P Kress



Usual care group 
(n=99)

Intervention 
group (n=99)

Absolute difference p value

Primary outcome 

Cognitive impairment at 
1 year

43 (43%) 24 (24%) –19·2%(–32·1 to –6.3) 0·0043

MoCA* score at 1 year 23 (21–26) 26 (24–28) 3 (1 to 4) 0·0001

Hospital discharge outcome

Cognitive impairment 68 (69%) 53 (54%) –15·2% (–28·6 to –1·7) 0·029

MoCA score 20 (16–23) 23 (19–27) 3 (2 to 5) 0·0004

ICU-acquired weakness† 38 (38%) 21 (21%) –17·1% (–29·7 to –4·7) 0·0083

Total MRC score 49 (44–56) 56 (48–60) 7 (1 to 9) 0·0017

Functional independence 46 (47%) 66 (67%) 20·2% (6·7 to 33·7) 0·0041

Quality of life

SF-36 physical component 
score

39·6 (31·8–48·5) 45·7 (29·7–55·6) 4·1 (–0·53 to 8·4) 0·081

Impaired physical health‡ 39 (39%) 29 (29%) –10·1% (–23·3 to 3·1) 0·13

SF-36 mental component 
score

47·6 (38·3–55·3) 53·3 (44·3–57·2) 5·7 (–0·16 to 6·9) 0·061

Impaired mental health 22 (22%) 13 (13%) –9·1% (–19·6% to 1·5) 0·094

1-year follow-up

ICU-acquired weakness 14 (14%) 0 –14·1% (–21·0 to –7·3) 0·0001

Total MRC score 56 (49–60) 58 (56–60) 2 (0 to 4) 0·0073

Functional independence 61 (62%) 64 (65%) 3·0% (–10·4 to 16·5) 0·66

Quality of life

SF-36 physical component 
score

41·1 (31·8–49·4) 52·4 (45·3–56·8) 11·3 (6·3 to 13·8) <0·0001

Impaired physical health 30 (30%) 8 (8%) –22·2% (–32·7 to –11·7) 0·0001

SF-36 mental component 
score

55·2 (49·5–59·7) 55·9 (50·2–58·9) 0·7 (–2·7 to 2·3) 0·98

Impaired mental health 9 (9%) 7 (7%) –2·0% (–9·6 to 5·6) 0·60

Institution-free days 335 (121–356) 338 (111–355) 3 (–8 to 5) 0·88

Data are n (%) or median (IQR), unless otherwise specified. ICU=intensive care unit. MoCA=Montreal Cognitive 
Assessment. MRC=Medical Research Council. SF-36=Medical Outcomes Study Short Form-36 *MoCA score of less than 
26 defined cognitive impairment. †ICU-acquired weakness defined as a combined MRC score of less than 48. ‡At least 
1SD below population norms (ie, <40).  

Usual care group 
(n=99)

Intervention 
group (n=99)

Absolute difference p value

Effect of early mobilisation on long-term cognitive 
impairment in critical illness in the USA: a randomised 
controlled trial 
Bhakti K Patel, Krysta S Wolfe, Shruti B Patel, Karen C Dugan, Cheryl L Esbrook, Amy J Pawlik, Megan Stulberg, Crystal Kemple, Megan Teele, 
Erin Zeleny, Donald Hedeker, Anne S Pohlman, Vineet M Arora, Jesse B Hall, John P Kress





Usual care 
group (n=99)

Intervention 
group (n=99)

p value

At least one AE due to 
mobilisation

0 (0%) 6 (6%) 0·029

Type of AE

Tachycardia 0 (0%) 2 (2%) 1·00

Hypotension 0 (0%) 1 (1%) 1·00

Tachypnoea 0 (0%) 1 (1%) 1·00

Oxygen desaturation 0 (0%) 1 (1%) 1·00

Arterial catheter removal 0 (0%) 1 (1%) 1·00

Rectal tube removal 0 (0%) 1 (1%) 1·00

Data are n (%). More than one adverse event (AE) occurs in one patient. 

Effect of early mobilisation on long-term cognitive 
impairment in critical illness in the USA: a randomised 
controlled trial 
Bhakti K Patel, Krysta S Wolfe, Shruti B Patel, Karen C Dugan, Cheryl L Esbrook, Amy J Pawlik, Megan Stulberg, Crystal Kemple, Megan Teele, 
Erin Zeleny, Donald Hedeker, Anne S Pohlman, Vineet M Arora, Jesse B Hall, John P Kress



750 Underwent randomization

372 Were assigned to early-mobilization group 378 Were assigned to usual-care group

3 Were excluded
1 Withdrew consent for

all data
2 Withdrew consent for

follow-up at day 180

14 Were excluded
8 Withdrew consent for

all data
3 Withdrew consent for

follow-up at day 180
3 Were lost to follow-up

369 Had primary outcome available at day 180 364 Had primary outcome available at day 180

Early Active Mobilization during Mechanical 
Ventilation in the ICU

The TEAM Study Investigators and the ANZICS Clinical Trials Group*  

Original Article



Characteristic
Early Mobilization 

(N = 371)
Usual Care 
(N = 370)

Age — yr 60.5±14.8 59.5±15.2

Female sex — no. (%) 128 (34.5) 146 (39.5)

Body-mass index† 29.9±7.9 30.4±7.8

Frailty and function

Median score on Clinical Frailty Scale (IQR)‡ 3 (2 to 4) 3 (2 to 4)

Median score on Functional Comorbidity Index (IQR)§ 2 (1 to 3) 2 (1 to 3)

Median score on WHODAS 2.0 (IQR)¶ 10.4 (2.1 to 25.0) 8.7 (2.1 to 22.7)

Highest score on the ICU Mobility Scale in wk before ICU admission∥ 9.9±0.6 9.8±0.7

Median interval from hospital admission to randomization (IQR) — hr 88.3 (50.5 to 137.0) 81.6 (48.2 to 147.0)

Median interval from ICU admission to randomization (IQR) — hr 60.1 (35 to 92.3) 61.3 (33.8 to 96.1)

ICU admission type — no. (%)

Planned ICU admission after elective surgery 68 (18.3) 58 (15.7)

Unplanned ICU admission 303 (81.7) 312 (84.3)

Median RASS score at randomization (IQR)** −3 (−4 to −2) −3 (−4 to −2)

Measurements and interventions at randomization††

Positive end-expiratory pressure — cm of water 8.9±3.0 8.8±3.1

Pao
2
:Fio

2
226±79.1 230±85.2

Receipt of vasopressors by infusion — no. (%) 228 (61.5) 231 (62.4)

Receipt of renal-replacement therapy — no. (%) 82 (22.1) 79 (21.4)

APACHE II score‡‡ 18.2±6.8 18±6.9

Diagnosis subgroup — no. (%)§§

Sepsis¶¶ 246 (66.3) 245 (66.2)

Trauma 15 (4.0) 14 (3.8)

Covid-19 7 (1.9) 10 (2.7)



Characteristic

Early 
Mobilization 

(N = 371)

Usual 
 Care 

(N = 370)

Between-Group 
 Difference 
(95% CI)†

Patients who were assessed by a physiotherapist on day of 
randomization — no./total no. (%)

320/370 (86.5) 265/363 (73.0) 13.5 (6.7 to 20.3)

No. of days per patient when physiotherapy assessment oc-
curred

0.94±0.11 0.81±0.24 0.14 (0.12 to 0.16)

No. of minutes of active mobilization per day 20.8±14.6 8.8±9.0 12.0 (10.4 to 13.6)

Mobilization milestones‡

IMS 3 or higher

Patients — no. (%) 331 (89.2) 330 (89.2) 0 (−4.3 to 4.3)

Median no. of days since randomization (IQR) 3 (1 to 6) 4 (2 to 7) −1 (−2.2 to −0.2)

IMS 4 or higher

Patients — no. (%) 287 (77.4) 286 (77.3) 0.1 (−6.0 to 6.1)

Median no. of days since randomization (IQR) 3 (2 to 7) 5 (3 to 8) −2 (−3.4 to −0.6)

IMS 7 or higher

Patients — no. (%) 176 (47.4) 150 (40.5) 6.9 (−0.2 to 14.0)

Median no. of days since randomization (IQR) 5 (3 to 8) 7 (4 to 13) −2 (−3.4 to −0.7)

Median peak IMS (IQR) 6 (4 to 8) 6 (4 to 8) 0 (−1 to 1)
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Day

A Early Mobilization

No. of Patients 365 371 367 342 306 281 251 221 202 177 165 147 131 117 109 104 98 84 78 72 64 59 49 48 47 43 40 38

0 (nothing or
passive)

1–2 (in-bed or
in-chair exercises)

3–4 (active sitting
or standing)

5–6 (transfer or
marching in place)

7–8 (assisted
walking)

9–10 (independent
walking)

ICU Mobility Scale:

B Usual Care
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Outcome
Early Mobilization 

(N = 371)
Usual Care 
(N = 370)

Difference or Odds 
Ratio (95% CI)† P Value

Primary outcome

Days alive and out of hospital at day 180‡

Median no. (IQR) 143 (21 to 161) 145 (51 to 164) −2.0 (−10 to 6) 0.62

Key secondary outcomes

Death at day 180

Patients — no. (%) 83/369 (22.5) 71/364 (19.5) 1.15 (0.81–1.65)§

Median no. of days since randomization (IQR) 17 (9 to 41) 19 (12 to 50) −2.0 (−12.0 to 8.0)

Median no. of ventilator-free days at day 28 (IQR) 21 (8 to 25) 21 (11 to 25) 0.0 (−1.4 to 1.4)

Median no. of ICU-free days at day 28 (IQR) 16 (0 to 21) 17 (3 to 22) −1.0 (−3.1 to 1.1)

Functional outcomes in survivors at day 180¶

Score on EQ-5D-5L utility score∥ 0.7±0.3 0.7±0.3 0.0 (−0.0 to 0.1)

Score on EQ Visual Analogue Scale** 70.2±19.7 69.0±20.1 2.0 (−5.7 to 9.7)

Median score on Barthel Index of ADL (IQR)†† 100 (100 to 100) 100 (95 to 100) 0

Median score on IADL (IQR)‡‡ 8.0 (7.0 to 8.0) 8.0 (6.0 to 8.0) 0.2 (−0.9 to 1.3)

Median score on WHODAS 2.0 (IQR)§§ 12.5 (2.1 to 33.3) 14.6 (4.2 to 38.9) −1.8 (−6.9 to 3.4)

d ¶¶



Adverse events — no. (%) ¶¶

Patients with ≥1 adverse event potentially due to mobilization 
— no. (%)

34 (9.2) 15 (4.1) 2.55 (1.33–4.89)§ 0.005

Adverse events per patient — no. (%) 0.02

0 337 (90.8) 355 (95.9)

1 19 (5.1) 11 (3.0)

2 4 (1.1) 2 (0.5)

≥3 11 (3.0) 2 (0.5)

Type of adverse events — no. (%)∥∥

Altered blood pressure 13 (3.5) 8 (2.2) 0.27

Cardiac arrhythmia 13 (3.5) 4 (1.1) 0.03

Oxygen desaturation 8 (2.2) 1 (0.3) 0.02

Pain or agitation 4 (1.1) 1 (0.3) 0.37

Removal of invasive line 2 (0.5) 2 (0.5) 1.00

Gastrointestinal 2 (0.5) 1 (0.3) 1.00

Tachypnea 3 (0.8) 0 0.25

Altered neurologic state 1 (0.3) 1 (0.3) 1.00

Other 4 (1.1) 0 0.12

Outcome
Early Mobilization 

(N = 371)
Usual Care 
(N = 370)

Difference or Odds 
Ratio (95% CI)† P Value



The Effect of Mobilization at 6 Months after
Critical Illness— Meta-Analysis
Michelle Paton, M.Phty.,1,2 Sarah Chan, D.Phty.,2 Claire J. Tipping, Ph.D.,3 Anne Stratton, B.Phty.,3 Ary Serpa Neto, Ph.D.,1

Rebecca Lane, Ph.D.,4 Paul J. Young, Ph.D.,1,5,6,7 Lorena Romero, M.B.I.T.,8 Tessa Broadley, B.Biomed.Sc.,1 and
Carol L. Hodgson, Ph.D.1,3,7,9

12,106 Records screened 11,914 Records excluded

192 Reports sought for retrieval

192 Reports assessed for eligibility

53 Wrong study design
42 Wrong outcomes
18 Trial registration of included or excluded trial
15 Wrong intervention
13 Wrong setting
11 Conference abstract of included or
excluded trial
9 Ongoing trials with no results to share
5 Protocol of included trial
4 Wrong cohort
3 Wrong comparator
2 Trials terminated
2 Awaiting classification

Reports excluded:

15 Studies included in review

Records identified from:
 17,043 Databases
 1369 Registers

Records removed before screening:
 6306 Duplicate records removed

Identification of studies through databases and registers
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Forest Plot Comparison of Days Alive and Out of Hospital to Day 180.
Intervention

Study or Subgroup
1.1.1 Low-risk studies

Hodgson 2016
Hodgson 2022
Nickels 2020

1.1.2 Non-low-risk studies

Subtotal (95% CI)
Heterogeneity: Tau2=117.20; c2=6.96, df=2 (P=0.03); I2=71%
Test for overall effect: Z=0.44 (P=0.66)

Heterogeneity: Tau2=44.87; c2=8.54, df=5 (P=0.13); I2=41%
Test for overall effect: Z=0.96 (P=0.34)
Test for subgroup differences: c2=0.02, df=1 (P=0.88), I2=0%

Kayambu 2015
Moss 2016
Wolfe 2013

156
108.33

158

69.33
147.67
114.73

27
104.19
18.53

116.87
25.84
78.3

143
120

149.33

78
144.67

91.27

27
84.1
30.88

130.81
31.89
83.24

Subtotal (95% CI)
Heterogeneity: Tau2=0.00; c2=1.54, df=2 (P=0.46); I2=0%
Test for overall effect: Z=0.93 (P=0.36)

Total (95% CI)

29
369

36
434

26
59
48

133

567

21
364

36
421

24
61
48

133

554

19.0%
21.2%
24.6%
64.8%

1.6%
27.3%

6.3%
35.2%

100.0%

13.00 (–2.16, 28.16)
–11.67 (–25.37, 2.03)

8.67 (–3.09, 20.43)
3.28 (–11.25, 17.81)

–8.67 (–77.64, 60.30)
3.00 (–7.37, 13.37)

23.46 (–8.87, 55.79)
4.64 (–5.14, 14.41)

4.28 (–4.46, 13.03)

–50 –25

Favors Control Favors Intervention

0 25 50

Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Control Mean Difference Mean Difference



Table 1. Outcomes Including Sensitivity Analyses.*

Outcome Studies Patients/Events P I2 Effect Measure 95% CI

Days alive and out of hospital 6 1121 0.34 41 MD 4.28 24.46 to 13.03

Low-risk studies only 3 855 0.66 71 MD 3.28 211.25 to 17.81

Mortality 15 2703 0.47 0 Risk ratio 1.05 0.92 to 1.19

Low-risk studies only 8 1499 0.24 0 Risk ratio 1.11 0.93 to 1.34

Adverse events 5 17,618 0.83 97 Risk ratio 1.13 0.37 to 3.43

Low-risk studies only 4 12,269 0.06 85 Risk ratio 1.94 0.98 to 3.86

PF measured with PROM 7 1109 0.0007 0 SMD 0.2 0.09 to 0.32

Low-risk studies only 4 636 0.3 33 SMD 0.14 20.12 to 0.4

PF measured in person 6 454 0.11 0 SMD 0.15 20.03 to 0.34

Low-risk studies only 3 182 0.32 0 SMD 0.15 20.14 to 0.44

Strength 5 390 0.41 0 SMD 0.08 20.12 to 0.28

Low-risk studies only 3 164 0.52 0 SMD 20.1 20.41 to 0.21

HRQoL

SF-36 PCS 8 783 0.38 38 MD 1.11 21.38 to 3.6

SF-36 MCS 8 783 0.57 42 MD 0.77 21.86 to 3.4

Utility scores 4 772 0.84 0 SMD 20.01 20.16 to 0.13



Feasibility of mobilisation in ICU: 
a multi-centre point prevalence study 
of mobility practices in the UK







Carteaux G et al. Patient-ventilator & asynchrony during noninvasive ventilation: a bench and clinical study. 
Chest 2012; 142:367–376.







Continuous Positive Airway Pressure
for Treatment of Postoperative Hypoxemia
A Randomized Controlled Trial

104 Assigned to Receive Oxygen Therapy by
Venturi Mask (Control)

105 Assigned to Receive Oxygen Therapy With
Continuous Positive Airway Pressure

2 Developed Treatment Intolerance and
Discontinued Study Treatment

4 Developed Treatment Intolerance and
Discontinued Study Treatment

105 Included in Analysis

1322 Patients Enrolled

230 Met Postoperative Eligibility Criteria

209 Randomized

12 Refused to Participate
1080 Excluded (Did Not Meet

Postoperative Eligibility Criteria)

21 Excluded
11 Lack of Intensive Care

Unit Beds
6 Arterial Oxygen Saturation

<80% With Maximal
Fraction of Inspired Oxygen

3 Arterial pH <7.30 With
PaCO2 >50 mm Hg

1 Systolic Blood Pressure
<90 mm Hg

104 Included in Analysis

• 
• 

• 
• 
• 
• 
• 
• 



Continuous Positive Airway Pressure
for Treatment of Postoperative Hypoxemia
A Randomized Controlled Trial

Control
(n = 104)

CPAP
(n = 105)

Sex, No. (%)
Men 64 (62) 71 (68)

Women 40 (38) 34 (32)

Age, mean (SD), y 65 (10) 66 (9)

Body mass index, mean (SD)* 26.3 (4.5) 26.5 (4.7)

Current smoker, No. (%)† 21 (20) 19 (18)

SAPS II, mean (SD)‡ 28 (8) 27 (7)

Type of surgery, No. (%)
Colectomy 38 (36) 39 (36)

Gastrectomy 7 (6) 6 (6)

Pancreatico-duodenectomy 18 (17) 19 (18)

Retroperitoneal mass 4 (3) 3 (4)

Liver resection 24 (22) 22 (21)

Liver transplant 13 (12) 16 (15)

Pathology, No. (%)
Cancer 64 (62) 67 (64)

Noncancer 40 (38) 38 (36)

Comorbidities, No. (%)
Diabetes 11 (11) 16 (15)

Hypertension 42 (40) 37 (35)

Postoperative gases, mean (SD)
PaO2/FiO2 255 (31) 247 (33)

Arterial, pH 7.39 (0.05) 7.38 (0.04)

PaCO2, mm Hg 39 (5) 39 (7)

Mean arterial blood pressure, mean (SD), mm Hg 86 (10) 85 (11)

Time of surgical procedure, mean (SD), h§ 226 (95) 227 (91)

yp ( ) ( )

Postoperative gases, mean (SD)
PaO2/FiO2 255 (31) 247 (33)

Arterial, pH 7.39 (0.05) 7.38 (0.04))

PaCO2, mm Hg 39 (5) 39 (7)

MMean arte iri lal blbloodd pressure mean (S(SD)D) m Hm H 8g 86 (6 (1010) 8) 85 (5 (1111))

Time of surgical procedure, mean (SD), h§ 226 (95) 227 (91)



Continuous Positive Airway Pressure
for Treatment of Postoperative Hypoxemia
A Randomized Controlled Trial

e 2. Kaplan-Meier Estimates of Intubation Rate
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Continuous Positive Airway Pressure
for Treatment of Postoperative Hypoxemia
A Randomized Controlled Trial

Table 2. Secondary Outcomes

Control
(n = 104)

CPAP
(n = 105)

Difference
of Means (95% CI)

P
Value*

ICU length of stay, mean, d 2.6 1.4 –1.2 (–2.0 to –0.3) .09

Median (95% CI), d 1 (1-11) 1 (1-4)

Hospital length of stay,
mean (SD), d

17 (15) 15 (13) –2 (–6 to 2) .10

Median (95% CI) 12 (7-47) 11 (6-35)

Relative Risk (95% CI)

Pneumonia, No. (%)† 10 (10) 2 (2) 0.19 (0.04 to 0.88) .02

Infection, No. (%)‡ 11 (10) 3 (3) 0.27 (0.07 to 0.94) .03

Sepsis, No. (%)§ 9 (9) 2 (2) 0.22 (0.04 to 0.99) .03

Anastomotic leakage, No. 6 1

Pneumonia, No. 3 1

Deaths, No. (%) 3 (3) 0 (0) .12

Pneumonia, No. (%)† 10 (10) 2 (2) 0.19 (0.04 to 0.88) .02

Infection, No. (%)‡ 11 (10) 3 (3) 0.27 (0.07 to 0.94) .03

Sepsis, No. (%)§ 9 (9) 2 (2) 0.22 (0.04 to 0.99) .03

A t ti l k N 6 1
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ORIGINAL

Effect of early postextubation high-flow 
nasal cannula vs conventional oxygen therapy 
on hypoxaemia in patients after major 
abdominal surgery: a French multicentre 
randomised controlled trial (OPERA)
Emmanuel Futier1,2, Catherine Paugam-Burtz3, Thomas Godet1, Linda Khoy-Ear3, Sacha Rozencwajg3, 

Jean-Marc Delay4, Daniel Verzilli4, Jeremie Dupuis1, Gerald Chanques4,6, Jean-Etienne Bazin1, 

Jean-Michel Constantin1,2, Bruno Pereira5, Samir Jaber4,6* and OPERA study investigators

Intensive Care Med (2016) 42:1888–1898

691 patients scheduled to undergo abdominal or  
abdominal and thoracic surgery were assessed for eligibility 

303 were ineligible 
      102 had anticipated surgical duration <2 hours 
      201 had ARISCAT score <26 points  
388 were eligible 
        23 declined to participate 
        45 met exclusion criteria 
      100 previously included in another study 

220 underwent randomisation 

112 were allocated to  
usual care 

108 were allocated to  
HFNC oxygen therapy 

8 were excluded after randomisation 
       3 had surgical duration <2 hours 
       5 had violation of exclusion criteria 
          BMI ≥25 kg/m2 (n=3), OSA(n=2) 

An additional 8 underwent randomisation 

112 were included in the 7-day analysis  
and analysed 

108 were included in the 7-day analysis  
and analysed 



Outcomes No./total no. (%) ARR or between-group  
difference (95 % CI)

p value

Usual care HFNC oxygen  
therapy

Primary outcomes

 Postoperative hypoxaemiaa,b

  1 h after extubation 27/112 (24) 23/108 (21) –3 (–14 to 8) 0.62

  After discontinuation of the study treatment 34/112 (30) 29/108 (27) –4 (–15 to 8) 0.57

Secondary outcomes

 Need for supplemental oxygen therapy after treat-

ment discontinuation

92/112 (82) 79/108 (73) –9 (–20 to 2) 0.11

 Pulmonary complicationsc within 7 days

  Grade 1 or 2 49/112 (44) 37/108 (34) –10 (–25 to 4) 0.17

  Grade ≥3 19/112 (17) 21/108 (20) 2 (–8 to 13) 0.63

 Bronchial congestion 14/112 (13) 16/108 (15) 2 (–7 to 11) 0.62

 Hypoxaemiad 30/112 (27) 30/108 (28) 0 (–11 to 13) 0.87

 Pneumonia 10/112 (9) 10/108 (9) 0 (–7 to 8) 0.93

 Need for intubation or NIV for respiratory failuree 14/112 (13) 20/108 (19) 6 (–4 to 16) 0.22

 Surgical reoperation within 7 daysf 5/112 (4) 2/108 (2) –3 (–7 to 2) 0.45

 Unexpected ICU admission 16/112 (14) 16/108 (15) 0 (–9 to 10) 0.91

 ICU length of stay (days) 5 (3–13) 6 (4–16) 3 (–5 to 12) 0.53

 Hospital length of stay (days) 11 (7–18) 12 (7–20) 0.5 (–3.5 to 4.5) 0.58

 In-hospital mortality 3/112 (3) 2/108 (2) –1 (–5 to 3) 0.68

Intensive Care Med (2016) 42:1888–1898
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Adjusted Hazard ratio 0 81 (95% CI 057 to 115) 
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MoCA
MMSE

Barthel Index

Cognitive
retraining

Compensatory
strategies

Exercise therapy

Occupational
therapy

Respiratory

Spirometry
6MWT
mMRC

Oxygen titration

Breathing
retraining

Pulmonary
rehabilitation

General

Review ICU course

Assess symptoms

Evaluate for new
conditions

Medication
reconciliation

Health maintenance
screening

ICU-AW

BBS
FTSST
EQ-5D
MMT
HGD

HADS
IES-R

Evaluation for
financial instability

Evaluation for
housing instability

Address reversible
causes of PICS

Manage symptoms &
new medical conditions

Subspecialty referral

Mobility aides

Environmental
adjustments
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programs

Physical therapy

Support groups
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Social work referral
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