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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
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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
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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
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Warner DO Anesthesiology 2000;92 (5): 1467

↓↓ CRF
↓ CV (30-40%)
↑ Atelectasies



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



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

diaphragmatique 
majeure

⇒Peu de complications 
respiratoires



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. 



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 



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



AAnesthesiology 2000;92:1467-72

Réflexe 
d inhibition 

diaphragmatique

Origine multifactorielle:
 « agression » 

chirurgicale
 inhibition phrénique 

réflexe
 réaction 

inflammatoire
 agents anesthésiques
 douleur 

postopératoire



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











Driver cells

• Adaptive T cells (CD4+, CD8+)

• Innate antigen-presenting cells 
(macrophages, dendritic cells)

Prolonged activation of signaling pathways

Immune hyperactivation

• Inappropriate triggering or danger sensing

• Inappropriate or ineffective amplitude
of response

• Failure to resolve inflammation
and return to homeostasis

Chemokines
(e.g., MCP-1, MIP-1α)

Interleukin-18

IP-10

TNF

Interleukin-6 Interleukin-17

Interleukin-1β

(e.g., sepsis-induced CS)

Complement
activation

Inadequate
negative

regulation

Cytokine storm

NF-κB JAK-STAT3

Iatrogenic causes
(e.g., CAR T-cell therapy,

 blinatumomab, other T-cell engaging 
immunotherapies, gene therapies).

Pathogen-induced triggers
(e.g., bacterial sepsis, 

EBV-associated HLH, Covid-19)

Monogenic and 
autoimmune disorders 

(e.g., autoinflammatory disorders, 
primary or secondary HLH)

Cancer

MAPK

1 Pathologically
sustained cytokine 
production leading to 
excessive circulating 
cytokine levels

Interferon-γ

(e.g., CAR T-cell
therapy–induced CS)

Negative regulators 

• Tregs, mesenchymal stem cells

• Decoy cytokine receptors (IL1RA)

• Antiinflammatory 
cytokines (interleukin-10)

mTOR
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Release of 
mitochondrial 

contents

Mitochondrial
dysfunction

Increased coagulation Decreased anticoagulation

Monocyte

Neutrophil

NETs 
with trapped 

platelets

Tissue
factor

↓ Antithrombin

Endothelial cell
↓Tissue

 factor pathway
 inhibitor ↓ TM ↓ Endothelial

protein C receptor

↓ Protein C

↓ Activated
protein C

↓ Activated protein C
and ↑ thrombin

↓Fibrinolysis↑ PAI-1

Thrombosis

Tissue hypoperfusion
Loss of 

barrier function

↓Tissue oxygenation

Organ failure

↑
PAR1

S1P3 S1P1

↑ S1P3 and 
↓ S1P1

↑ Angiopoietin 2

↓ VE cadherin and
↓Tight junctions

Cell shrinkage
and cell death

Capillary leak
 and interstitial

edema

Vasodilatation

↓ Blood pressure

↓ Red-cell 
deformability

Thrombus

Tissue hypoperfusion Loss of barrier function



Admission 48−72 Hours 2 Weeks 4 Weeks 6 Weeks

Pancreatitis

Transient organ failure
Acute fluid collections
Mortality <2%

Transient organ failure
Moderately severe 

acute pancreatitis
Mortality <5%

Infected necrosis
“Critical” acute

pancreatitis
Mortality 30%

Sterile necrosis
Mortality ~10% 

Resolution

Walled-off
pancreatic
necrosis

Walled-off
pancreatic
necrosis

~70%

~30%

80 to 85%

15 to 20%

During first
2 weeks

During first
2 weeks

Persistent organ failure
Severe acute pancreatitis
Mortality 15−20%

Acute pancreatitis 

Resolution of
fluid infiltration
or pseudocyst

Interstitial pancreatitis 

Necrotizing pancreatitis

























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




