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!uid) and subsequent diagnosis of PPC raise the pos-
sibility that these early abnormalities may contribute 
to the development of PPC or share common media-
tors.25,26 In clinical practice, immediate alveolar con-
solidations and pleural effusion can often be detected 
via only 1 posteroinferior scan in each lung, suggest-
ing that a simpli"ed PACU-LUS at the postero-sus-
diaphragmatic point could also have diagnostic value. 
Future studies are required to measure the effect of a 
PACU-LUS–guided allocation of prophylactic treat-
ment such as NIV on PPCs.

In our study, the PACU-LUS score poorly predicted 
all PPCs. Indeed PPCs depend on multiple factors, 

Table 3.  Perioperative Data of Patients According to the Incidence of PPCs
Patients With PPCs 

(n = 63)
Patients Without PPC 

(n = 264) P
Surgery type    
 Digestive surgery 14 (22) 98 (37) .04
 Thoracic surgery 37 (59) 59 (22) <.001
 Vascular surgery 9 (14) 52 (20) .42
 Orthopedic surgery 2 (3) 44 (17) .01
 Neurosurgery 1 (2) 13 (5) .41
 Emergent procedure 9 (14) 17 (6) .07
Surgical incision    
 Laparotomy 10 (16) 67 (25) .15
 Laparoscopy 11 (18) 64 (24) .33
 Thoracotomy 23 (37) 20 (8) <.001
 Thoracoscopy 18 (29) 41 (16) .03
 Peripheral incision 7 (11) 80 (30) .003
Anesthesia procedure    
 Intravenous general anesthesia 56 (89) 194 (74) .02
 Inhaled general anesthesia 7 (11) 72 (26) .01
 Dif!cult airways accessa 13 (21) 48 (18) .79
Regional analgesia    
 Epidural thoracic analgesia 10 (16) 14 (5) .01
 Continuous infusion paravertebral block 13 (21) 14 (5) <.001
Neuromuscular blockade    
 Used 61 (97) 239 (91) .17
 Monitoring 39 (72) 160 (68) .64
 Reversal agents used 6 (10) 28 (11) .98
Intraoperative mechanical ventilation    
 Vt (mL) 420 [360–470] 440 [380–478] .11
 Vt PBW (mL/kg) 6 [5–7] 7 [6–8] .002
 PEEP (cmH2O) 5 [5–7] 5 [5–6] .007
 Plateau airway pressure (cmH2O) 18 [16–22] 18 [16–22] .88
 Driving pressure (cmH2O) 13 [10–15] 13 [10–16] .75
 FIO2 (%) 65 [60–80] 60 [50–70] .006
 SpO2 (%) 100 [98–100] 100 [99–100] .005
 SpO2/FIO2 ratio 154 [124–167] 167 [143–200] .007
 Alveolar recruitment maneuvers 33 (53) 85 (32) .003
Intraoperative "uid management    
 Crystalloids (mL/kg/h) 6 [4–9] 6 [5–10] .14
 Blood transfusion 3 (5) 30 (12) .18
 Urine output (mL/kg/h) 0.9 [0.6–1.3] 1.2 [0.6–2.2] .12
 Total blood loss (mL) 200 [100–300] 200 [100–300] .78
 Intraoperative vasopressors 25 (56) 102 (52) .82
 Urinary catheter 31 (50) 154 (58) .24
 Nasogastric tube 14 (22) 39 (15) .21

P value from unadjusted analysis. Values are expressed as absolute number (percentage) or medians [interquartile range].
Abbreviations: FIO2, fraction of inspired oxygen; ICU, intensive care unit; PEEP, positive end-expiratory pressure; PPCs, postoperative pulmonary complications; 
SpO2, saturation of oxygen; Vt, tidal volume; Vt PBW, tidal volume predicted body weight.
aIf Cormack score >2.
bCalculated as the time between skin incision and closure incision.
cCalculated as the time between induction of anesthesia and extubation.

AQ20

Table 4.  Variables Independently Associated With 
Postoperative Pulmonary Complications Calculated 
From the Logistic Regression

OR (95% CI) P
Immediate pleural effusion 6.81 (2.14–23.69) .002
Immediate alveolar consolidation 

diagnosed in the PACU
2.20 (1.09–4.40) .03

Thoracic surgery 9.83 (3.52–30.48) <.001
Anesthesia duration 1.004 (1.001–1.007) .03
COPD 1.96 (0.9–4.17) .08

Abbreviations: CI, con!dence interval; COPD, chronic obstructive pulmonary 
disease; OR, adjusted odds ratio; PACU, postanesthesia care unit.
aBecause of missing value for some variables, 8 patients were excluded; the 
multivariable analysis is based on the covariates known to be relevant in the 
literature, which were signi!cant in the univariable analysis with P < .2. A P 
value <.05 was used to assess !nal statistical signi!cance.
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Table 1.  Baseline Characteristics of Patients According to the PPCs

Variables
Patients With PPCs 

(n = 63)
Patients Without PPC 

(n = 264) P
Demographics    
 Age (y) 65 [57–75] 65 [57–74] .95
 Male sex 42 (67) 166 (63) .68
 BMI (kg/m2) 26 [22–29] 25 [22–29] .88
 ASA physical status    
  II 29 (46) 141 (54) .36
  III 30 (48) 114 (43) .62
  IV 4 (6) 9 (3) .48
Comorbidities    
 Hypertension 27 (43) 128 (49) .51
 Coronary artery diseases 17 (27) 46 (17) .12
 Valvular heart diseases 4 (6) 14 (5) .98
 Cardiac arrhythmias 4 (6) 37 (14) .15
 Arteriosclerosis 13 (21) 63 (24) .70
 Ischemic stroke 3 (5) 13 (5) >.99
 Smoking history 46 (73) 145 (55) .01
 COPD 18 (29) 34 (13) .004
 Obstructive sleep apnea 6 (10) 23 (9) >.99
 Pulmonary nodule 26 (41) 46 (17) <.001
 Recent upper respiratory infectiona 3 (5) 10 (4) .72
 Asthma 3 (5) 14 (5) 1.00
Preoperative vital signs    
 SpO2 (%) 97 [96–99] 98 [96–99] .10
 Hemoglobin (g/dL) 13 [12–14] 13 [12–14] .13
Surgery duration (min) 180 [143–240] 178 [135–230] .35
Anesthesia duration* (min) 285 [233–355] 243 [200–300] <.001
Clinical features in PACU    
 Systolic arterial pressure (mm Hg) 120 [101–134] 123 [109–139] .05
 Diastolic arterial pressure (mm Hg) 65 [30–71] 67 [57–74] .46
 Heart rate (beats/min) 77 [70–90] 76 [68–88] .59
 Sinus rhythm 58 (92) 229 (88) .45
 Urine output (mL/h) 78 [41–108] 100 [50–150] .46
 SpO2 (%) 100 [97–100] 99 [97–100] .24
 Oxygen rate !ow (L/min) 3 [3–11] 3 [2–4] <.001
 Respiratory rate/min 16 [13–19] 15 [13–17] .09
Hospital length of stay (d) 10 [7–16] 8 [5–12] <.001
 Admission to ICU 14 (22) 11 (4) <.001
 Admission to intermediate care unit 15 (24) 24 (9) .003
In-hospital mortality 7 (11) 1 (0.4) <.001

P value from unadjusted analysis. Values are medians [interquartile range] or numbers (proportion).
Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; COPD, chronic obstructive pulmonary disease; ICU, intensive care unit; PACU, 
postanesthesia care unit; PPCs, postoperative pulmonary complications; SpO2, saturation of oxygen.
aDe"ned by respiratory infection in the last month.
bA risk index score based on 7 variables to predict PPCs, >45 = major risk.
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Table 2.  LUS Performed in the Postanesthesia Care Unit According to the PPCs
Patients With  
PPCs (n = 63)

Patients Without 
PPC (n = 264) P

Delay between extubation and the 
practice of ultrasound (min)

60 [30–120] 60 [30–120] .40

LUS score anterior 3 [0–4] 1 [0–4] .04
LUS score lateral 3 [1–6] 2 [0–4] <.001
LUS score posterior 6 [3–8] 4 [2–6] <.001
LUS score total 12 [7–18] 8 [4–12] <.001
Immediate alveolar consolidationa 33 (52) 60 (23) <.001
Immediate pleural effusion 11 (17) 7 (3) <.001
Pneumothorax 4 (6) 6 (2) .20
B-patternsb 51 (81) 189 (72) .18

P value from unadjusted analysis. Values are medians [interquartile range] or numbers (proportion).
Abbreviations: LUS, lung ultrasound; PPCs, postoperative pulmonary complications.
aAppears as a hypoechoic tissue structure, poorly de"ned, wedge-shaped.
b3 or more B-lines in a longitudinal plane between 2 ribs in 2 or more regions bilaterally on 8.
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KEY POINTS
• Question: Are results of a lung ultrasound examination performed in the postanesthesia care 

unit associated with outcome?
• Findings: In 328 patients undergoing major surgery, in a median time of 60 minutes after ex-

tubation, detection of alveolar consolidations and pleural effusion in the postanesthesia care 
unit using lung ultrasound was associated with an increased risk of postoperative pulmonary 
complications.

• Meaning: Point-of-care lung ultrasound performed in the postanesthesia care unit may identify 
patients at higher risk for pulmonary complications.

BACKGROUND: Postoperative pulmonary complications are associated with increased morbid-
ity. Identifying patients at higher risk for such complications may allow preemptive treatment.
METHODS: Patients with an American Society of Anesthesiologists (ASA) score >1 and who 
were scheduled for major surgery of >2 hours were enrolled in a single-center prospective study. 
After extubation, lung ultrasound was performed after a median time of 60 minutes by 2 certi-
!ed anesthesiologists in the postanesthesia care unit after a standardized tracheal extubation. 
Postoperative pulmonary complications occurring within 8 postoperative days were recorded. 
The association between lung ultrasound !ndings and postoperative pulmonary complications 
was analyzed using logistic regression models.
RESULTS: Among the 327 patients included, 69 (19%) developed postoperative pulmonary 
complications. The lung ultrasound score was higher in the patients who developed postopera-
tive pulmonary complications (12 [7–18] vs 8 [4–12]; P < .001). The odds ratio for pulmonary 
complications in patients who had a pleural effusion detected by lung ultrasound was 3.7 
(95% con!dence interval, 1.2–11.7). The hospital death rate was also higher in patients with 
pleural effusions (22% vs 1.3%; P < .001). Patients with pulmonary consolidations on lung 
ultrasound had a higher risk of postoperative mechanical ventilation (17% vs 5.1%; P = .001). 
In all patients, the area under the curve for predicting postoperative pulmonary complications 
was 0.64 (95% con!dence interval, 0.57–0.71).
CONCLUSIONS: When lung ultrasound is performed precociously <2 hours after extubation, 
detection of immediate postoperative alveolar consolidation and pleural effusion by lung ultra-
sound is associated with postoperative pulmonary complications and morbi-mortality. Further 
study is needed to determine the effect of ultrasound-guided intervention for patients at high 
risk of postoperative pulmonary complications.  (Anesth Analg 2021;132:172–81)
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Enhanced Recovery Decreases Pulmonary
and Cardiac Complications After
Thoracotomy for Lung Cancer
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Garrett L. Walsh, MD, and David C. Rice, MB, BCh
Departments of Thoracic and Cardiovascular Surgery and Anesthesiology and Perioperative Medicine, The University of Texas MD
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Background. Enhanced recovery after surgery (ERAS)
pathways aim to improve postoperative recovery through
evidence-based practices, including early ambulation,
multimodal opioid-sparing analgesia, and reduction of
surgical stress. This study evaluated outcomes after
implementation of ERAS in patients undergoing resec-
tion for pulmonary malignancy.

Methods. A retrospective review compared outcomes
for patients undergoing pulmonary resection for primary
lung cancer. Analysis was performed between three
periods: pre-ERAS (January 1, 2006, to December 31,
2011), transitional period with elements of ERAS
(January 1, 2012, to August 31, 2015), and full implementa-
tion of ERAS (September 1, 2015, to December 31, 2016).

Results. We analyzed 2,886 lung resections (pre-ERAS,
n [ 1615; transitional, n [ 929; ERAS, n [ 342). For all
patients, length of stay decreased in the ERAS and transi-
tional periods compared with pre-ERAS (4 [3] versus 4 [3]
versus 5 [3] days, p < 0.001). Pulmonary complicationswere
decreased with ERAS compared with transitional and
pre-ERAS (19.9% versus 28.2% versus 28.7%, p [ 0.004).

Cardiac complications decreasedwith ERAS (12.3% versus
13.1% versus 18.1%, p [ 0.001). There was less thoracic
epidural use (2.9% versus 44.5% versus 75.5%, p < 0.001).
There were no differences in hospital readmission
(p [ 0.772) or mortality rates (p [ 0.417). After thoracot-
omy, ERAS was associated with decreased length of stay,
fewer intensive care unit readmissions, and decreased
frequency of pneumonia, atrial arrhythmias, and need for
home oxygen (all p < 0.05). ERAS was independently
associated with decreased pulmonary (p [ 0.046) and
cardiac (p [ 0.001) complications on logistic regression
after thoracotomy but not minimally invasive operations.
Conclusions. ERAS was associated with improved

postoperative outcomes, including decreased length of stay
and pulmonary and cardiac morbidity after thoracotomy,
but not after minimally invasive operations. ERAS safety
was demonstrated by low rates of adverse events without
effect on hospital readmission or perioperative deaths.

(Ann Thorac Surg 2018;106:272–9)
! 2018 by The Society of Thoracic Surgeons
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Multivariable logistic regression was performed on the
entire population as well as the thoracotomy/MIS sub-
groups to identify risk factors associated with pulmonary
and cardiac complications (Table 6). For the entire
population and thoracotomy subgroup, ERAS period was
independently associated with decreased pulmonary and

cardiac complications on logistic regression. For patients
undergoing MIS, age was the only variable associated
with cardiac or pulmonary complications (Supplemental
Table 2).

Comment

There are relatively few studies of ERAS after thoracic
operations and none that have used intercostal nerve
blocks with liposomal bupivacaine. Overall, we found
that ERAS was associated with improved postoperative
outcomes after resection of primary lung cancer after
thoracotomy but not after MIS. LOS was decreased, and
there were lower rates of pulmonary and cardiac com-
plications. Importantly, the ERAS pathway was shown to
be safe, because there were no increases in hospital
readmissions or perioperative deaths.

Table 3. Outcomes Across Time Periods for All Patients

Variablea
Pre-ERAS
(n ! 1,615)

Transition
(n ! 929)

ERAS
(n ! 342) p

Length of stay, days 5 (3) 4 (3) 4 (3) <0.001
Initial ICU

admission, %
6.1 1.1 2.0 <0.001

Readmission to
ICU, %

2.7 1.1 1.2 0.011

Chest tube
duration, days

3 (3) 2 (2) 2 (2) <0.001

Reoperation, % 1.7 2.4 1.5 0.432
Hospital

readmission, %
3.3 3.0 3.8 0.772

Complications, %
Pulmonary 28.7 28.2 19.9 0.004
Cardiac 18.1 13.1 12.3 0.001
Gastrointestinal 2.4 3.8 4.4 0.042
Neurologic 1.5 1.8 2.3 0.573
Wound/infection 4.0 4.1 3.8 0.973
Hematologic 8.7 6.8 7.9 0.238
Renal 1.1 1.1 0 0.136

30-day mortality, % 1.0 0.5 0.6 0.417

a Continuous data are presented as median (interquartile range) and
categoric data as indicated.

ERAS ! enhanced recovery after surgery; ICU ! intensive care unit.

Table 4. Outcomes Across Time Periods for Thoracotomy

Variablea
Pre-ERAS
(n ! 1,109)

Transition
(n ! 554)

ERAS
(n ! 213) p

Length of stay, days 5 (3.5) 5 (2) 4 (3) <0.001
Readmission to

ICU, %
3.1 1.3 0.9 0.031

Reoperation, % 1.5 3.6 1.9 0.030
Hospital

readmission, %
3.3 3.2 5.2 0.382

Thoracic epidural,% 87.5 63.2 4.7 <0.001
Complications, %

Pulmonary 30.4 29.8 21.1 0.023
Cardiac 21.2 14.4 10.8 <0.001
Gastrointestinal 2.8 3.6 3.3 0.654
Neurologic 1.9 1.8 3.3 0.355
Wound/infection 5.0 3.8 4.2 0.494
Hematologic 10.4 8.7 10.8 0.493
Renal 1.4 0.9 0 0.223

30-day mortality, % 1.2 0.5 0.5 0.480

a Continuous data are presented as median (interquartile range) and
categoric data as indicated.

ERAS ! enhanced recovery after surgery; ICU ! intensive care unit.

Fig 1. Outcomes after thoracotomy across time periods. (ERAS !
enhanced recovery after surgery.)

Table 5. Outcomes Across Time Periods for Minimally
Invasive Surgery

Variablea
Pre-ERAS
(n ! 506)

Transition
(n ! 374)

ERAS
(n ! 129) p

Length of stay, days 4 (3) 4 (3) 4 (3) 0.001
Readmission to

ICU, %
1.8 0.8 1.6 0.481

Reoperation, % 2.2 0.5 0.8 0.108
Hospital

readmission, %
3.4 2.4 1.6 0.527

Thoracic epidural, % 49.2 16.6 0 <0.001
Complications, %
Pulmonary 24.9 25.9 17.8 0.168
Cardiac 11.3 11.0 14.7 0.488
Gastrointestinal 1.4 4.0 6.2 0.004
Neurologic 0.8 1.6 0.8 0.481
Wound/infection 4.0 4.1 3.1 0.054
Hematologic 4.9 4.0 3.1 0.604
Renal 0.4 1.3 0 0.167

30-day mortality, % 0.6 0.5 0.8 1.0

a Continuous data are presented as median (interquartile range) and
categoric data as indicated.

ERAS ! enhanced recovery after surgery; ICU ! intensive care unit.

276 J. MAXWELL CHAMBERLAIN MEMORIAL PAPER VAN HAREN ET AL Ann Thorac Surg
ENHANCED RECOVERY AFTER LUNG RESECTION 2018;106:272–9

G
EN

ER
A
L
T
H
O
R
A
C
IC

Multivariable logistic regression was performed on the
entire population as well as the thoracotomy/MIS sub-
groups to identify risk factors associated with pulmonary
and cardiac complications (Table 6). For the entire
population and thoracotomy subgroup, ERAS period was
independently associated with decreased pulmonary and

cardiac complications on logistic regression. For patients
undergoing MIS, age was the only variable associated
with cardiac or pulmonary complications (Supplemental
Table 2).

Comment

There are relatively few studies of ERAS after thoracic
operations and none that have used intercostal nerve
blocks with liposomal bupivacaine. Overall, we found
that ERAS was associated with improved postoperative
outcomes after resection of primary lung cancer after
thoracotomy but not after MIS. LOS was decreased, and
there were lower rates of pulmonary and cardiac com-
plications. Importantly, the ERAS pathway was shown to
be safe, because there were no increases in hospital
readmissions or perioperative deaths.

Table 3. Outcomes Across Time Periods for All Patients

Variablea
Pre-ERAS
(n ! 1,615)

Transition
(n ! 929)

ERAS
(n ! 342) p

Length of stay, days 5 (3) 4 (3) 4 (3) <0.001
Initial ICU

admission, %
6.1 1.1 2.0 <0.001

Readmission to
ICU, %

2.7 1.1 1.2 0.011

Chest tube
duration, days

3 (3) 2 (2) 2 (2) <0.001

Reoperation, % 1.7 2.4 1.5 0.432
Hospital

readmission, %
3.3 3.0 3.8 0.772

Complications, %
Pulmonary 28.7 28.2 19.9 0.004
Cardiac 18.1 13.1 12.3 0.001
Gastrointestinal 2.4 3.8 4.4 0.042
Neurologic 1.5 1.8 2.3 0.573
Wound/infection 4.0 4.1 3.8 0.973
Hematologic 8.7 6.8 7.9 0.238
Renal 1.1 1.1 0 0.136

30-day mortality, % 1.0 0.5 0.6 0.417

a Continuous data are presented as median (interquartile range) and
categoric data as indicated.

ERAS ! enhanced recovery after surgery; ICU ! intensive care unit.
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Wound/infection 5.0 3.8 4.2 0.494
Hematologic 10.4 8.7 10.8 0.493
Renal 1.4 0.9 0 0.223

30-day mortality, % 1.2 0.5 0.5 0.480

a Continuous data are presented as median (interquartile range) and
categoric data as indicated.

ERAS ! enhanced recovery after surgery; ICU ! intensive care unit.
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except lung lobectomy and gastric bypass, with higher variance during the early postoperative days
(Figure 2).

Box-and-whiskers plots depicting digitally monitored daily step count by ordered daily
ambulation regimen demonstrated uniformity in ordered ambulation regimen despite a wide range
of steps taken (Figure 3A). For example, 95% (356 of 373) of daily ambulation orders were ambulate
with assistance, which included a range of step counts from 0 to 7698 (0-5.5 km).

Surgeon estimates indicating higher levels of daily ambulation were correlated with higher
median digitally monitored step count (Figure 3B) (r = 0.66; 95% bootstrapped CI, 0.59-0.72;
P < .001). However, there was a wide range of step counts within these categories. For example,
patients categorized by their surgeons as being out of bed to chair had step counts ranging from 0 to
1803 steps (0-1.3 km).

Table. Sample Characteristics by Operation Typea

Variable
Total
(N = 100)

Lung
Lobectomy
(n = 6)

Gastric
Bypass
(n = 6)

Hip
Replacement
(n = 15)

Robotic
Cystectomy
(n = 12)

Open
Colectomy
(n = 16)

Abdominal
Hysterectomy
(n = 11)

Sleeve
Gastrectomy
(n = 19)

Laparoscopic
Colectomy
(n = 15)

Age, mean (SD), y 53 (18) 70 (8) 37 (10) 62 (13) 70 (10) 43 (18) 56 (11) 44 (15) 47 (20)

Sex, No./total
No. (%)

Male 47/100 (47) 2 (33) 0 7 (47) 9 (75) 13 (81) 0 5 (26) 11 (73)

Female 53/100 (53) 4 (67) 6 (100) 8 (53) 3 (25) 3 (19) 11 (100) 14 (74) 4 (27)

Race/ethnicity,
No./total No. (%)

White 55/100 (55) 1 (17) 1 (17) 10 (67) 8 (67) 12 (75) 5 (45) 7 (37) 11 (73)

African
American

12/100 (12) 0 3 (50) 2 (13) 1 (8) 0 3 (27) 3 (16) 0

Hispanic 20/100 (20) 2 (33) 2 (33) 1 (7) 0 4 (25) 3 (27) 7 (37) 1 (7)

Asian American 5/100 (5) 3 (50) 0 1 (7) 0 0 0 0 1 (7)

Middle Eastern 8/100 (8) 0 0 1 (7) 3 (25) 0 0 2 (11) 2 (13)

BMI, mean (SD) 31 (12) 28 (4) 49 (11) 30 (5) 27 (3) 23 (3) 29 (7) 46 (12) 23 (4)

Charlson-Deyo
comorbidity score,
No./total No. (%)

0 62/100 (62) 1 (17) 5 (83) 11 (73) 1 (8) 13 (81) 6 (55) 11 (58) 14 (93)

1 12/100 (12) 2 (33) 1 (17) 1 (7) 0 0 0 8 (42) 0

!2 26/100 (26) 3 (50) 0 3 (20) 11 (92) 3 (19) 5 (45) 0 1 (7)

Length of stay,
median (IQR), d

4 (3-6) 3 (2-4) 4 (3-4) 4 (3-4) 9 (6-9) 5 (4-8) 4 (4-5) 3 (2-3) 4 (4-6)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by
height in meters squared); IQR, interquartile range.

a P < .001 for all comparisons. P values were calculated by 1-way analysis of variance for
continuous variables and by !2 test for categorical variables.

Figure 1. Digitally Monitored Step Count by Postoperative Day Across All Surgical Procedures
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Another key finding is that there is little variability in orders for daily ambulation by clinician
teams, which is illustrative of the lack of precision with which ambulation is now managed. Our data
showed that 95% (356 of 373) of orders were to ambulate with assistance despite other available
orders for bed rest, out of bed to chair, and ambulate ad libitum. Among those ordered to ambulate
with assistance, actual step count ranged from 0 to 7698 steps (0-5.5 km). It is possible that the lack
of granularity in ambulation orders may be partially contributing to the wide variation in steps taken
under a given order. Yet, it is not surprising that ordering of ambulation is vague given the heretofore
absence of technology to precisely monitor step count and lack of specific daily step count goals. If
a specified step count is important to outcomes, as our data suggest, both the ordering and
monitoring of ambulation will need to be modified to target step count goals that are associated with
clinically meaningful outcomes (ie, 1000 steps).

The concept of using activity monitors to measure postoperative ambulation is scalable and can
be digitally integrated into the electronic medical record (EMR) to allow for real-time feedback to
patients and surgical teams. Although pedometers could be used to monitor step count, the process
of integrating serial pedometer measurement into clinical workflows would be prohibitively
cumbersome. In contrast, digital interfaces between activity monitors, the EMR, and software

Figure 4. Predicted Probabilities of Prolonged Length of Stay by Postoperative Day 1 Step Count
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of Daily Ambulation and Length of Stay Among Patients
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Abstract

IMPORTANCE Early postoperative ambulation is vital to minimizing length of stay (LOS), but few
hospitals objectively measure ambulation to predict outcomes. Wearable activity monitors have the
potential to transform assessment of postoperative ambulation, but key implementation data,
including whether digitally monitored step count can identify patients at risk for poor efficiency
outcomes, are lacking.

OBJECTIVES To define the distribution of digitally measured daily step counts after major inpatient
surgical procedures, to assess the accuracy of physician assessment and ordering of ambulation, and
to quantify the association of digitally measured step count with LOS.

DESIGN, SETTING, AND PARTICIPANTS Prospective cohort study at Cedars-Sinai Medical Center,
an urban tertiary referral center. Participants were patients undergoing 8 inpatient operations (lung
lobectomy, gastric bypass, hip replacement, robotic cystectomy, open colectomy, abdominal
hysterectomy, sleeve gastrectomy, and laparoscopic colectomy) from July 11, 2016, to August
30, 2017.

INTERVENTIONS Use of activity monitors to measure daily postoperative step count.

MAIN OUTCOMES AND MEASURES Operation-specific daily step count, daily step count by
physician orders and assessment, and a prolonged LOS (>70th percentile for each operation).

RESULTS Among 100 patients (53% female), the mean (SD) age was 53 (18) years, and the median
LOS was 4 days (interquartile range, 3-6 days). There was a statistically significant increase in daily
step count with successive postoperative days in aggregate (r = 0.55; 95% bootstrapped CI,
0.47-0.62; P < .001) and across individual operations. Ninety-five percent (356 of 373) of daily
ambulation orders were “ambulate with assistance,” although daily step counts ranged from 0 to
7698 steps (0-5.5 km) under this order. Physician estimation of ambulation was predictive of the
median step count (r = 0.66; 95% bootstrapped CI, 0.59-0.72; P < .001), although there was
substantial variation within each assessment category. For example, daily step counts ranged from 0
to 1803 steps (0-1.3 km) in the “out of bed to chair” category. Higher step count on postoperative
day 1 was associated with lower odds of prolonged LOS from 0 to 1000 steps (odds ratio [OR], 0.63;
95% CI, 0.45-0.84; P = .003), with no further decrease in odds after 1000 steps (OR, 0.99; 95%
CI, 0.75-1.30; P = .80).

(continued)

Key Points
Question Do wearable activity
monitors measuring step count after
major surgery improve assessment of
daily ambulation and predict length
of stay?

Findings In this cohort study of 100
patients undergoing major surgery at
Cedars-Sinai Medical Center, activity
monitors were associated with
improved accuracy of assessment of
step count. Higher step count up to
1000 steps on postoperative day 1 was
associated with significantly lower odds
of prolonged length of stay, with no
further decrease in odds after
1000 steps.

Meaning In this study, activity monitors
improved assessment of daily
ambulation, and daily step count was
associated with length of stay, providing
an opportunity to identify patients at
risk for poor efficiency outcomes.
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Abstract
Background Early mobilization is a significant part of the ERAS" Society guidelines, in which patients are rec-

ommended to spend 2 h out of bed on the day of surgery. However, it is not yet known how early patients can safely

be mobilized after completion of colorectal surgery. The aim of this study was to evaluate the feasibility, and safety
of providing almost immediate structured supervised mobilization starting 30 min post-surgery at the postoperative

anesthesia care unit (PACU), and to describe reactions to this approach.

Methods This feasibility study includes 42 patients aged C18 years who received elective colorectal surgery at
Örebro University Hospital. They underwent a structured mobilization performed by a specialized physiotherapist

using a modified Surgical ICU Optimal Mobilization Score (SOMS). SOMS determines the level of mobilization at

four levels from no activity to ambulating. Mobilization was considered successful at SOMS C 2, corresponding to
sitting on the edge of the bed as a proxy of sitting in a chair due to lack of space.

Results In all, 71% (n = 30) of the patients reached their highest level of mobilization between the second and third

hour of arrival in the PACU. Before discharge to the ward, 43% (n = 18) could stand at the edge of the bed and 38%
(n = 16) could ambulate. Symptoms that delayed advancement of mobilization were pain, somnolence, hypotension,

nausea, and patient refusal. No serious adverse events occurred.

Conclusions Supervised mobilization is feasible and can safely be initiated in the immediate postoperative care after
colorectal surgery.

Trial registration Clinical trials.gov identifier: NTC03357497.

Introduction

Early postoperative mobilization is a well-established part
of the multimodal evidence-based Enhanced Recovery

After Surgery (ERAS) care pathway for surgical patients

(http://www.erassociety.org/) [1]. Postoperative mobiliza-
tion activities such as sitting, standing, and walking are key

factors to minimize complications and reduce the length of

hospital stay [2–4]. The most recent ERAS" Society
guidelines for colorectal surgery [1] recommend that

patients should be mobilized out of bed on the day of

surgery, at least by sitting in a chair for 2 h, and for the rest
of the stay in hospital aim to be out of bed for at least 6 h

daily. Performing mobilization at the postoperative
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4 Department of Surgery, Faculty of Medicine and Health,
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mobilization after optimizing pain control and nausea.

Other limiting factors were related to the availability of
staff. High workload and working schedules limited the

assisting of ambulation for patients who underwent late

afternoon surgery. Those factors created an intricate chal-
lenge and have to be considered in clinical practice.

The SOMS scale as a tool to structure the intervention

process proved to be useful in two aspects. Firstly, its
simplicity and clarity were advantageous, as it is straight-

forward, progressive, and intuitive. Secondly, it acted as a

communication tool, which made it easy to convey the
mobilization goal with the aim of increasing the patient’s

motivation as well to prepare the staff. Due to the structure

of mobilization, with attempts being performed regularly

every half hour, aiming for an exact time of mobilization as

part of the nursing protocol made it easier to prepare the
patient mentally but also helped the staff to ensure good

logistics.

Symptoms of pain and nausea were assessed before each
allotted time of mobilization, and patients could be given

medication as needed. This procedure of assessing symp-

toms combined with pharmacological treatment if deemed
necessary, synchronized with timed mobilization attempts

by a team of dedicated professionals, proved to work well

in enhancing immediate mobilization. Optimizing symp-
toms enabled patients to reach a higher SOMS level and

reduce the mobilization delay. Only one patient could not

be mobilized at all during its stay in the PACU, due to

Table 4 Mobilization of patients in the PACU (n = 42)

Surgical approach Highest achieved
mobilization level

Within 1 h in
PACU (n)

Within 2 h in
PACU (n)

Within 3 h in
PACU (n)

Within 4 h in
PACU (n)

Total
patient (n)

Open (n = 25) SOMS 1 (activity in
bed)

1 1

SOMS 2 (sitting in bed) 1 2 1 4

SOMS 3 (standing) 7 2 2 11

SOMS 4 (ambulating) 1 1 5 2 9

Laparoscopic (n = 4) SOMS 2 (sitting in bed) 2 2

SOMS 3 (standing) 1 1

SOMS 4 (ambulating) 1 1

Robotic (n = 11) SOMS 3 (standing) 1 3 1 5

SOMS 4 (ambulating) 2 2 2 6

Approach through existing
stoma ( n = 2)

SOMS 2 (sitting in bed) 1 1

SOMS 3 (standing) 1 1

Fig. 1 SOMS level
achievement per time period in
the PACU (n = 42). *Discharge
from PACU (n = 11) **
discharge from PACU (n = 29)
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nausea, and patient refusal. No serious adverse events occurred.

Conclusions Supervised mobilization is feasible and can safely be initiated in the immediate postoperative care after
colorectal surgery.

Trial registration Clinical trials.gov identifier: NTC03357497.

Introduction

Early postoperative mobilization is a well-established part
of the multimodal evidence-based Enhanced Recovery

After Surgery (ERAS) care pathway for surgical patients

(http://www.erassociety.org/) [1]. Postoperative mobiliza-
tion activities such as sitting, standing, and walking are key

factors to minimize complications and reduce the length of

hospital stay [2–4]. The most recent ERAS" Society
guidelines for colorectal surgery [1] recommend that

patients should be mobilized out of bed on the day of

surgery, at least by sitting in a chair for 2 h, and for the rest
of the stay in hospital aim to be out of bed for at least 6 h

daily. Performing mobilization at the postoperative
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Introduction

Enhanced recovery after surgery (ERAS) represents 
a multidisciplinary and multimodal evidence-based 
improvement approach to maximize patient recovery 

after surgery, which was initially developed in colorectal  
surgery (1). In recent years, many studies regarding 
enhanced recovery after lung surgery with better patient 
outcomes have been published (2-4). Recommendations for 
guidelines for enhanced recovery after lung surgery have 
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eight patients received morphine as a PCA thoracic epidural
analgesia and five of them had a paravertebral subpleural
catheter.

Vomiting was not computed as a postoperative complica-
tion because it did not interfere with oral feeding before the
1st postoperative hour or with early ambulation.

4.3. Intra- and postoperative complications

They are displayed in Table 2. Vomiting was not considered
as a complication as discussed before. There was no case of
operative infection, pleural infection occurred in two
patients with chronic air leak, but occurred only some weeks
after hospital discharge.

4.4. Hospital stay

Hospital stay values are normally distributed data
(Kolmogorov—Smirnov test with Lilliefors significance correc-
tion, p = 0.001). The discharge postoperative day frequency
is displayed in Table 3.

The median hospital stay was two days. The minimal
hospital stay was one day for one patient and the maximal 31

days for a patient who had intraoperative cardiac arrest with
neurological damage.

4.4.1. Fast-track measures and hospital stay
Table 5 shows the comparison of hospital stay median (in

days) in function with fast-track measures achieved or not
(without two unconscious patients).

4.4.2. Comparison of postoperative complications
frequency and hospital stay

Postoperative complications were more frequent
(Table 4) and hospital stay average longer (Table 5) in the
group of patients where fast-track measures were not
completely achieved. Two patients, who suffered intrao-
perative cardiac arrest and remained intubated for several
days and could not refer pain, pruritus, be orally fed, walk,
or they suffered a urinary obstruction because they
remained with a urinary catheter, were therefore not
included in this analysis.

4.5. Multivariate analysis

Logistic regression identified only ambulation as a
predictive (protective) independent variable of postopera-
tive complication among the following candidates: pre-
operative long duration benzodiazepines, immediate
extubation, early oral feeding and severe pain, as shown
in Table 6.

J.-C. Das-Neves-Pereira et al. / European Journal of Cardio-thoracic Surgery 36 (2009) 383—392388

Table 2
Frequency of intra- or postoperative complication.

Type of complication Frequency Percent

No complication 71 65.1
Intraoperative cardiac arrest 2 1.8
Hypnosis due to preoperative long duration
benzodiazepines

6 5.5

Thoracic epidural catheter displacement 2 1.8
Accidental chest tube displacement 1 0.9
Persistent air leak 4 3.7
Minor intraoperative bleeding 4 3.7
Constipation during opiods use 9 8.3
Urinary retention during opiods use 4 3.7
Concomitant constipation and urinary
retention during opiods use

3 2.7

Postoperative cardiac arrhythmia 1 0.9
Pruritus during opiods use 2 1.8

Total 109 100.0

Table 3
Hospital stay: the postoperative day of discharge.

Postoperative day of discharge Frequency Percent

1st 1 0.9
2nd 98 89.9
4th 3 2.8
5th 4 3.7
6th 1 0.9
10th 1 0.9
31st 1 0.9

Total 109 100.0

Table 4
Comparison of postoperative complication frequency in function of fast-track measure achieved or not (without two unconscious patients).

FT measure FT measure achieved or not PO complication frequency (%) p *

Without With

Avoided long duration preoperative BDZ Achieved 77 (76) 24 (24) 0.0001
Not achieved 0 (0) 6 (100)

Immediate extubation Achieved 77 (72) 30 (28) ***

Not achieved 0 (0) 0 (100)

Early ambulation (within the 1st PO h) Achieved 77 (78) 22 (22) 0.0001
Not achieved 0 (0) 8 (100)

Early oral feeding (within the 1st PO h) Achieved 77(76) 24 (24) 0.0001
Not achieved 0 (0) 6 (100)

Thoracic regional PCA** Achieved 77 (73) 28 (27) 0.077
Not achieved 0 (0) 2 (100)

FT: fast-track; BDZ: benzodiazepines; PO: postoperative; h: hour.
* Level of statistic significance of Fisher’s exact test (2-sided).
** Epidural or paravertebral subpleural catheter.
*** Extubation was achieved in all these 107 patients.
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Abstract

Objective: Fast-track rehabilitation is a group of simple measures that reduces morbidity, postoperative complication and accelerates
postoperative rehabilitation reducing hospital stay. It can be applied to lung cancer lobectomy. Fast-track rehabilitation cornerstones are:
minimally invasive surgical techniques using video-assisted and muscle sparring incisions, normovolemia, normothermia, good oxygenation,
euglicemia, no unnecessary antibiotics, epidural patient-controlled analgesia, systemic opiods-free analgesia, early ambulation and oral feeding.
Our objective is to describe a five-year experience with fast-track rehabilitation for lung cancer lobectomy. Patients and methods: A
retrospective non-controlled study including 109 consecutive patients submitted to fast-track rehabilitation in the postoperative care of lung
cancer lobectomy was performed. Only collaborative patients who could receive double-lumen intubation, epidural catheters with patient-
controlled analgesia, who had Karnofsky index of 100, previous normal feeding and ambulation, absence of morbid obesity, diabetes or asthma,
were eligible. Postoperative oral feeding and aggressive ambulation started as soon as possible. Results: Immediate postoperative extubation
even in the operation room was possible in 107 patients and oral feeding and ambulation were possible before the first hour in 101 patients. Six
patients could not receive early oral feeding or ambulate due to hypnosis secondary to preoperative long effect benzodiazepines. Two patients
could not ambulate immediately due to epidural catheter misplacement with important postoperative pain. Ninety-nine discharges occurred at
the second postoperative day, four of them with a chest tube connected to a Heimlich valve due to air leak. No complication of early feeding and
ambulation was observed. Postoperative hypnosis due to long duration benzodiazepines or pain does not allow early oral feeding or ambulation.
Avoiding long duration preoperative benzodiazepines, immediate postoperative extubation, regional thoracic PCA and early oral feeding and
ambulation were related to a lesser frequency of complication and a shorter hospital stay. Conclusion: Fast-track rehabilitation for lung cancer
lobectomies can be safely performed in a selected group of patients if a motivated multidisciplinary group of professionals is available and seems
to reduce postoperative complication and hospital stay.
# 2009 European Association for Cardio-Thoracic Surgery. Published by Elsevier B.V. All rights reserved.

Keywords: Fast-track rehabilitation; Enhanced recovery after surgery

1. Introduction

Fast-track (FT) postoperative rehabilitation is a group
of simple measures that reduces morbidity and mortality
and accelerates postoperative rehabilitation and hospital
discharge [1].

1.1. FT preoperative measures

FT measures begin several days before the operation. It
begins when the surgeon, allied to a multidisciplinary group

of professionals [2] expose FT principles and begin a patient
and family educational program [3].

Physical exercise program, dietary education and tobacco
cessation begin some weeks preoperatively.

Unnecessary preoperative hospitalization or fasting is
avoided. Patients and their families are oriented about the
advantages of being hospitalized some minutes just before
surgical procedure [4].

1.2. Intraoperative measures

First of all, long duration pre-anesthetic benzodiazepines
are avoided in order to allow immediate postoperative
extubation, early patient wake-up aiming at early oral
feeding and ambulation.

Operating room is warmed and its temperature is adjusted
for patient protection, aiming for normothermia [5].

www.elsevier.com/locate/ejcts
European Journal of Cardio-thoracic Surgery 36 (2009) 383—392
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reported pneumonia rates from other studies and is a statistically
significant improvement when compared to the pre-T-ERAS era
(P = 0.004) [2, 13].

The major focus of our protocol was early ambulation.
The concept of early ambulation is not new. In 1949, Leithauser
[14] put forward a rationale for early ambulation, at a time
when many surgeons routinely placed patients on bed rest after
surgery. In 2014, 1 centre reported a 12-week protocol consisting
of brisk walking exercises that started the day after transfer to a
regular ward [15]. Thirty-three patients received the walking inter-
vention, and a later group of 33 patients received standard of
care. The intervention group had significantly better pulmonary
function at 3 and 6 months. Another centre reported their 5-year
experience with a fast-track programme, which included 109
patients who underwent lobectomy where early ambulation was
encouraged within 1–2 h, but no target distances were defined in
the report [4]. Early ambulation was achieved in 90.8% of their
patients, and the median hospital stay was 2 days [4].

Since the inception of our institution’s protocol, and throughout
its implementation, safety was a prime consideration. We have
previously presented safety results for the T-ERAS protocol at the
World Conference on Lung Cancer [16]. During the time period of
the quality improvement initiative using the T-ERAS protocol, a
total of 1172 thoracic surgical patients (excluding endoscopy,
bronchoscopy, tracheostomy and catheter-based pleural proce-
dures) were recovered in our PACU with no falls and no injuries.

This report focuses on VATS lobectomy patients to provide a
homogeneous subset that is readily comparable across pro-
grammes. Over the course of 6 years, a majority of patients
(61.5%) achieved the set target ambulation goal of 250 feet in 1 h
of extubation. Of the 304 patients, 94.7% were able to ambulate
any degree within 2 h and only 3 of 304 (1.0%) patients could not
walk at all in the PACU. The impact of the learning curve and
protocol adoption over time is demonstrated with the target
ambulation being achieved in 72.0% (95/132) of patients in the
late T-ERAS cohort compared to only 37% (28/75) of patients in
the first 2 years of implementing the T-ERAS protocol.

Family engagement and the setting of rigorous expectations
are key to a successful implementation of the protocol. The con-
sistent family participation throughout the whole process is vital
to patient success. Family support begins at the initial consult
visit, followed by preoperative goal reinforcement, greeting the

patient during the 2nd walk in the PACU and family members
help monitor ambulation by tracking walks (times and distance)
on the inpatient room whiteboard. These supporting activities
provide a goal-orientated approach in which the patient and
family can participate in tandem with the clinical staff.

Another important factor to the success of our protocol has
been the collaboration from nursing, anaesthesia staff and adminis-
tration. Intraoperative strategies such as fluid restriction, avoidance
of opioids and the employment of a minimally invasive technique
are used to limit pulmonary oedema, early postoperative sedation
and facilitate early mobilization. Nursing commitment and buy-in
is a cornerstone for implementation, as these clinical staff interact
with the patient and family the most frequently and provide the
necessary reinforcement of expectations.

Our facility is a 900-bed hospital with a dedicated cardiothora-
cic operating suite on the same floor as our cardiothoracic
step-down unit. The advantage of a smaller, focused group of
individuals and administrative recognition of appropriate staffing
levels should be emphasized as a significant benefit to the suc-
cess of implementation. There were no increased costs associated
with the implementation of the T-ERAS protocol and the results
have inspired the growth of similar initiatives in other specialties
at our institution. The ability to ambulate from the recovery
room to a patient’s room may not be achievable in many centres,
but other aspects of this protocol may lend themselves to
adoption.

LOS and clinical outcomes were improved when comparing
the pre-T-ERAS to the T-ERAS periods. Of interest, when the early
versus late T-ERAS periods were compared, there is no clear dif-
ference in clinical outcomes, despite a notable improvement in
the ambulation speed and performance in the late T-ERAS
cohort. This suggests that having a focus on ambulation results in
a positive culture shift, which has resulted in improved patient
outcomes. Simply having a mandate for ambulation in the early
postoperative period requires commitment and engagement
from every member of the care team.

CONCLUSION

In summary, we report the successful adoption of the T-ERAS
protocol after VATS lobectomy. T-ERAS is a major and positive

Table 3: Postoperative ambulation outcomes

Ambulation outcomes All 6 years
(n = 304)

Early cohort
(n = 75)

Late cohort
(n = 132)

P-valuea

Met target goal (250 feet in 1 h), n (%) 187 (61.5) 28 (37) 95 (72.0) <0.001
Cannot walk at all, n (%) 3 (1.0) 3 (4) 0 (0) 0.09
Any distance in 1 h, n (%) 208 (68.4) 29 (39) 108 (81.8) <0.001
Any distance in 2 h, n (%) 288 (94.7) 64 (85) 128 (97.0) 0.005
250 feet in any time, n (%) 277 (91.1) 59 (79) 113 (85.6) 0.28
Attempted walking in first 30 min of extubation, n (%) 47 (15.5) 0 (0) 37 (28.0) <0.001
Time from extubation to attempt of ambulation, mean ± SD (median) 57.3 ± 33.2 (51 min) 80.5 ± 43.5 (65 min) 46.2 ± 25.6 (38.5 min) <0.001b

Proportions of the targeted ambulation outcomes of time and distance for the early (July 2010–July 2012) and the late (July 2014–July 2016) T-ERAS cohorts
are compared.
aThe v2 or Fisher’s exact test for difference in proportions.
bThe Mann–Whitney–Wilcoxon test for difference in continuous distributions.
SD: standard deviation; T-ERAS: thoracic enhanced recovery with ambulation after surgery.
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Abstract

OBJECTIVES: Our institution implemented a protocol known as thoracic enhanced recovery with ambulation after surgery (T-ERAS) in
thoracic operations. The objective was early ambulation starting in the postoperative ambulatory care unit.

METHODS: Video-assisted thoracoscopic surgery lobectomy patients are placed on a chair in the preoperative area and then walked to
the operating room. Postoperatively, patients are placed on a chair as soon as possible. Our target ambulation goal was 250 feet within 1 h
of extubation. Patients then walk to their hospital room. T-ERAS adoption and outcomes were compared to a pre-T-ERAS period, in addi-
tion to the comparing early and late T-ERAS cohorts.

RESULTS: Over 6 years, 304 patients on T-ERAS underwent a planned video-assisted thoracoscopic surgery lobectomy. Median age was
67 years (range 41–87 years). The target goal was achieved in 187 of 304 (61.5%) patients and 277 of 304 (91.1%) patients ambulated
250 feet at any time in the postoperative ambulatory care unit. The T-ERAS period had a median length of stay of 1 day vs 2 days in the
pre-T-ERAS period (P < 0.001). There were low rates of pneumonia (2/304, 0.7%), atrial fibrillation (12/304, 4.0%) and no postoperative
mortalities for T-ERAS. The target goal was achieved at a greater rate in the late (92/132, 72.0%) versus early (28/75, 37%) T-ERAS cohort.
The mean time to ambulation was reduced in the late cohort (46–81 min).

CONCLUSIONS: Early postoperative ambulation was feasible and considered key in achieving low morbidity after video-assisted thoraco-
scopic surgery lobectomy. Adoption of T-ERAS improved over time. Further studies will help define adoptability at other sites and validate
impact on improving outcomes.

Keywords: Early ambulation • Video-assisted thoracoscopic surgery lobectomy • Enhanced recovery after surgery

INTRODUCTION

Over the past 25 years, there has been tremendous development
and adoption of video-assisted thoracoscopic surgery (VATS)
lobectomy by centres around the world [1, 2]. Although mini-
mally invasive approaches can decrease morbidity and enhance
recovery compared to thoracotomy, there is potential to further
improve clinical outcomes. Institutions utilizing enhanced
recovery after surgery or enhanced recovery with ambulation
after surgery (ERAS) protocols offer an opportunity to accentuate
the efficacy of minimally invasive procedures [3]. A key compo-
nent of most ERAS programmes is early postoperative ambula-
tion [4]. In July 2010, our institution implemented an early
ambulation protocol known as ‘thoracic enhanced recovery with
ambulation after surgery (T-ERAS)’. This fast-track recovery pro-
gramme originated as a quality improvement initiative which
aimed to optimize the benefits of minimally invasive approaches
on our thoracic surgery service.

Over the last 6 years, 1172 thoracic surgery patients have
entered the T-ERAS protocol. The current report focuses on
patients undergoing video-assisted thoracoscopic surgery (VATS)
lobectomies. The T-ERAS protocol involves ambulation instituted
within 1 h of extubation after a VATS resection. The successful
implementation of this programme has required strong interdis-
ciplinary partnerships with nursing, anaesthesia and administra-
tion. Details of the T-ERAS protocol and results after planned
VATS lobectomy are presented below.

MATERIALS AND METHODS

This is an institutional review board-approved, single-centre, ret-
rospective analysis of a quality improvement protocol. This
report includes 2 cohorts of patients who were scheduled for a
VATS lobectomy. The T-ERAS cohort consists of patients from
July 2010 to July 2016 and recovered in a dedicated, cardiothora-
cic, postoperative ambulatory care unit (PACU). The pre-T-ERAS

VC The Author(s) 2018. Published by Oxford University Press on behalf of the European Association for Cardio-Thoracic Surgery. All rights reserved.
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the operating room. Postoperatively, patients are placed on a chair as soon as possible. Our target ambulation goal was 250 feet within 1 h
of extubation. Patients then walk to their hospital room. T-ERAS adoption and outcomes were compared to a pre-T-ERAS period, in addi-
tion to the comparing early and late T-ERAS cohorts.

RESULTS: Over 6 years, 304 patients on T-ERAS underwent a planned video-assisted thoracoscopic surgery lobectomy. Median age was
67 years (range 41–87 years). The target goal was achieved in 187 of 304 (61.5%) patients and 277 of 304 (91.1%) patients ambulated
250 feet at any time in the postoperative ambulatory care unit. The T-ERAS period had a median length of stay of 1 day vs 2 days in the
pre-T-ERAS period (P < 0.001). There were low rates of pneumonia (2/304, 0.7%), atrial fibrillation (12/304, 4.0%) and no postoperative
mortalities for T-ERAS. The target goal was achieved at a greater rate in the late (92/132, 72.0%) versus early (28/75, 37%) T-ERAS cohort.
The mean time to ambulation was reduced in the late cohort (46–81 min).

CONCLUSIONS: Early postoperative ambulation was feasible and considered key in achieving low morbidity after video-assisted thoraco-
scopic surgery lobectomy. Adoption of T-ERAS improved over time. Further studies will help define adoptability at other sites and validate
impact on improving outcomes.
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INTRODUCTION

Over the past 25 years, there has been tremendous development
and adoption of video-assisted thoracoscopic surgery (VATS)
lobectomy by centres around the world [1, 2]. Although mini-
mally invasive approaches can decrease morbidity and enhance
recovery compared to thoracotomy, there is potential to further
improve clinical outcomes. Institutions utilizing enhanced
recovery after surgery or enhanced recovery with ambulation
after surgery (ERAS) protocols offer an opportunity to accentuate
the efficacy of minimally invasive procedures [3]. A key compo-
nent of most ERAS programmes is early postoperative ambula-
tion [4]. In July 2010, our institution implemented an early
ambulation protocol known as ‘thoracic enhanced recovery with
ambulation after surgery (T-ERAS)’. This fast-track recovery pro-
gramme originated as a quality improvement initiative which
aimed to optimize the benefits of minimally invasive approaches
on our thoracic surgery service.

Over the last 6 years, 1172 thoracic surgery patients have
entered the T-ERAS protocol. The current report focuses on
patients undergoing video-assisted thoracoscopic surgery (VATS)
lobectomies. The T-ERAS protocol involves ambulation instituted
within 1 h of extubation after a VATS resection. The successful
implementation of this programme has required strong interdis-
ciplinary partnerships with nursing, anaesthesia and administra-
tion. Details of the T-ERAS protocol and results after planned
VATS lobectomy are presented below.

MATERIALS AND METHODS

This is an institutional review board-approved, single-centre, ret-
rospective analysis of a quality improvement protocol. This
report includes 2 cohorts of patients who were scheduled for a
VATS lobectomy. The T-ERAS cohort consists of patients from
July 2010 to July 2016 and recovered in a dedicated, cardiothora-
cic, postoperative ambulatory care unit (PACU). The pre-T-ERAS
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shorter LOS when ERAS was applied, while the 1 randomized study
in this systemic review did not. The median LOS in that random-
ized study was 11 days after lobectomy in both groups, which is
longer than what is typically reported [12]. Although there were no
differences in the overall complication rate, in the randomized

study, the fast-track group demonstrated a statistically significant
lower rate of pulmonary complications at 6.6% vs 35.0%, support-
ing the role of ERAS (P = 0.0009) [12]. Fewer pulmonary adverse
events are an important goal of a fast-track approach. The T-ERAS
pneumonia rate of 2 of 304 (0.7%) compares favourably with

Table 1: VATS lobectomy patient demographics

Patient characteristics Early cohort
(n = 75)

Late cohort
(n = 132)

P-value Pre-T-ERAS
(n = 100)

T-ERAS
(n = 304)

P-value

Age, mean ± SD 65.0 ± 10.7 65.9 ± 10.3 0.56a 66.2 ± 10.0 66.2 ± 10.5 0.98
Gender, n (%)

Male 27 (36) 58 (43.9) 0.33b 53 (53.0) 178 (58.6) 0.39
Female 48 (64) 74 (56.1) 47 (47.0) 126 (41.5)

Race, n (%)
White 63 (89) 97 (75.2) 0.12b 73 (73.7) 236 (81.1) 0.46
Black 2 (3) 10 (7.8) 8 (8.1) 19 (6.5)
Asian 4 (6) 18 (14.0) 14 (14.1) 28 (9.6)
Hispanic 2 (3) 4 (3.1) 4 (4.0) 8 (2.8)

FEV1, mean ± SD 88.0 ± 22.2 85.6 ± 18.0 0.26a 86.6 ± 19.9c 87.5 ± 19.6d 0.70
DLCO (%), mean ± SD 71.8 ± 20.7 74.3 ± 18.4 0.20a 72.7 ± 22.7e 75.7 ± 27.0f 0.29

Statistical tests compare proportions of demographic data for the following time periods: the early T-ERAS cohort (July 2010–July 2012) to the late T-ERAS
cohort (July 2014–July 2016), and the pre-T-ERAS cohort (June 2007–June 2010) to the whole T-ERAS cohort (July 2010–July 2016) are also compared. There
are 4 missing data records, 1 in race and 3 in LOS for pre-T-ERAS, so the numbers do not sum 100.
aThe Mann–Whitney–Wilcoxon test for difference of continuous distributions.
bThe v2 test or the Fisher’s exact test for difference in proportions.
cSeven missing data records.
dOne missing data record.
eTen missing data records.
fEight missing data records.
DLCO: diffusing capacity of the lungs for carbon monoxide; FEV1: forced expiratory volume in 1 s; LOS: length of stay; SD: standard deviation; T-ERAS: thoracic
enhanced recovery with ambulation after surgery; VATS: video-assisted thoracoscopic surgery.

Table 2: Comparison of clinical patient outcomes and 30-day complications in both VATS lobectomy patients prior (n=100) to and
after (n=304) the T-ERAS protocol implementation (July 2010) and in the early T-ERAS cohort versus the late T-ERAS cohort

Clinical outcomes and
30-day complications

Early T-ERAS
cohort (n = 75), n (%)

Late T-ERAS
cohort (n = 132), n (%)

P-value Pre-T-ERAS
(n = 100), n (%)

T-ERAS
(n = 304), n (%)

P-value

LOS (days)
1a 47 (63) 96 (72.7) 0.28 25 (26)b 228 (75.0) <0.001
2 17 (23) 24 (18.2) 24 (25)b 46 (15.1)
>_3 11 (15) 12 (9.1) 48 (50)b 30 (9.9)

Discharged with chest tube 14 (19) 6 (4.6) 0.002 17 (17)b 33 (10.9) 0.11
Atrial arrhythmia 3 (4) 6 (4.6) >0.99 8 (8.0) 12 (4.0) 0.12
Pneumonia 1 (1) 1 (0.8) >0.99 6 (6.0) 2 (0.7) 0.004
Air leak >5 days 11 (15) 4 (3.0) 0.004 3 (3.0) 22 (7.2) 0.16
Deep vein thrombosis 2 (3) 0 (0) 0.13 0 (0) 2 (0.7) >0.99
Pulmonary embolus 1 (1) 1 (0.8) >0.99 1 (1.0) 2 (0.7) 0.58
Acute renal failure 1 (1) 0 (0) 0.36 0 (0) 1 (0.3) >0.99
30-day readmissions 6 (8) 6 (4.6) 0.36 6 (6.0) 15 (4.9) 0.61
Transfusions 0 (0) 3 (2.3) 0.55 3 (3.0) 3 (1.0) 0.16
30-day mortalityc 0 (0) 0 (0) >0.99 2 (2.0) 0 (0) 0.06

aOne patient included in this category was discharged on POD 0.
bThree patients in the pre T-ERAS period were mortalities that were never discharged; therefore, the percentages were out of 97, not 100 for LOS and home
with chest tube variables.
cDeaths related to stroke, myocardial infarction or cardiac complications.
LOS: length of stay; POD: postoperative day; T-ERAS: thoracic enhanced recovery with ambulation after surgery; VATS: video-assisted thoracoscopic surgery.
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Abstract

OBJECTIVES: Our institution implemented a protocol known as thoracic enhanced recovery with ambulation after surgery (T-ERAS) in
thoracic operations. The objective was early ambulation starting in the postoperative ambulatory care unit.

METHODS: Video-assisted thoracoscopic surgery lobectomy patients are placed on a chair in the preoperative area and then walked to
the operating room. Postoperatively, patients are placed on a chair as soon as possible. Our target ambulation goal was 250 feet within 1 h
of extubation. Patients then walk to their hospital room. T-ERAS adoption and outcomes were compared to a pre-T-ERAS period, in addi-
tion to the comparing early and late T-ERAS cohorts.

RESULTS: Over 6 years, 304 patients on T-ERAS underwent a planned video-assisted thoracoscopic surgery lobectomy. Median age was
67 years (range 41–87 years). The target goal was achieved in 187 of 304 (61.5%) patients and 277 of 304 (91.1%) patients ambulated
250 feet at any time in the postoperative ambulatory care unit. The T-ERAS period had a median length of stay of 1 day vs 2 days in the
pre-T-ERAS period (P < 0.001). There were low rates of pneumonia (2/304, 0.7%), atrial fibrillation (12/304, 4.0%) and no postoperative
mortalities for T-ERAS. The target goal was achieved at a greater rate in the late (92/132, 72.0%) versus early (28/75, 37%) T-ERAS cohort.
The mean time to ambulation was reduced in the late cohort (46–81 min).

CONCLUSIONS: Early postoperative ambulation was feasible and considered key in achieving low morbidity after video-assisted thoraco-
scopic surgery lobectomy. Adoption of T-ERAS improved over time. Further studies will help define adoptability at other sites and validate
impact on improving outcomes.
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INTRODUCTION

Over the past 25 years, there has been tremendous development
and adoption of video-assisted thoracoscopic surgery (VATS)
lobectomy by centres around the world [1, 2]. Although mini-
mally invasive approaches can decrease morbidity and enhance
recovery compared to thoracotomy, there is potential to further
improve clinical outcomes. Institutions utilizing enhanced
recovery after surgery or enhanced recovery with ambulation
after surgery (ERAS) protocols offer an opportunity to accentuate
the efficacy of minimally invasive procedures [3]. A key compo-
nent of most ERAS programmes is early postoperative ambula-
tion [4]. In July 2010, our institution implemented an early
ambulation protocol known as ‘thoracic enhanced recovery with
ambulation after surgery (T-ERAS)’. This fast-track recovery pro-
gramme originated as a quality improvement initiative which
aimed to optimize the benefits of minimally invasive approaches
on our thoracic surgery service.

Over the last 6 years, 1172 thoracic surgery patients have
entered the T-ERAS protocol. The current report focuses on
patients undergoing video-assisted thoracoscopic surgery (VATS)
lobectomies. The T-ERAS protocol involves ambulation instituted
within 1 h of extubation after a VATS resection. The successful
implementation of this programme has required strong interdis-
ciplinary partnerships with nursing, anaesthesia and administra-
tion. Details of the T-ERAS protocol and results after planned
VATS lobectomy are presented below.

MATERIALS AND METHODS

This is an institutional review board-approved, single-centre, ret-
rospective analysis of a quality improvement protocol. This
report includes 2 cohorts of patients who were scheduled for a
VATS lobectomy. The T-ERAS cohort consists of patients from
July 2010 to July 2016 and recovered in a dedicated, cardiothora-
cic, postoperative ambulatory care unit (PACU). The pre-T-ERAS

VC The Author(s) 2018. Published by Oxford University Press on behalf of the European Association for Cardio-Thoracic Surgery. All rights reserved.

European Journal of Cardio-Thoracic Surgery 53 (2018) 1192–1198 ORIGINAL ARTICLE
doi:10.1093/ejcts/ezy061 Advance Access publication 23 March 2018

D
ow

nloaded from
 https://academ

ic.oup.com
/ejcts/article-abstract/53/6/1192/4952038 by guest on 24 July 2019

Cite this article as: Khandhar SJ, Schatz CL, Collins DT, Graling PR, Rosner CM, Mahajan AK et al. Thoracic enhanced recovery with ambulation after surgery:
a 6-year experience. Eur J Cardiothorac Surg 2018;53:1192–8.

Thoracic enhanced recovery with ambulation after surgery:
a 6-year experience

Sandeep J. Khandhar*, Christy L. Schatz, Devon T. Collins, Paula R. Graling, Carolyn M. Rosner, Amit K. Mahajan,
Paul D. Kiernan, Chang Liu and Hiran C. Fernando

Inova Cardiac and Thoracic Surgery, Department of Surgery, Inova Fairfax Medical Campus, Falls Church, VA, USA

* Corresponding author. Inova Cardiac and Thoracic Surgery, Department of Surgery, Inova Fairfax Medical Campus, 3300 Gallows Road, Falls Church, VA 22042,
USA. Tel: +1-703-2012913; fax: +1-703-7762146; e-mail: sandeep.khandhar@gmail.com (S.J. Khandhar).

Received 31 August 2017; received in revised form 20 November 2017; accepted 23 November 2017

Abstract

OBJECTIVES: Our institution implemented a protocol known as thoracic enhanced recovery with ambulation after surgery (T-ERAS) in
thoracic operations. The objective was early ambulation starting in the postoperative ambulatory care unit.

METHODS: Video-assisted thoracoscopic surgery lobectomy patients are placed on a chair in the preoperative area and then walked to
the operating room. Postoperatively, patients are placed on a chair as soon as possible. Our target ambulation goal was 250 feet within 1 h
of extubation. Patients then walk to their hospital room. T-ERAS adoption and outcomes were compared to a pre-T-ERAS period, in addi-
tion to the comparing early and late T-ERAS cohorts.

RESULTS: Over 6 years, 304 patients on T-ERAS underwent a planned video-assisted thoracoscopic surgery lobectomy. Median age was
67 years (range 41–87 years). The target goal was achieved in 187 of 304 (61.5%) patients and 277 of 304 (91.1%) patients ambulated
250 feet at any time in the postoperative ambulatory care unit. The T-ERAS period had a median length of stay of 1 day vs 2 days in the
pre-T-ERAS period (P < 0.001). There were low rates of pneumonia (2/304, 0.7%), atrial fibrillation (12/304, 4.0%) and no postoperative
mortalities for T-ERAS. The target goal was achieved at a greater rate in the late (92/132, 72.0%) versus early (28/75, 37%) T-ERAS cohort.
The mean time to ambulation was reduced in the late cohort (46–81 min).

CONCLUSIONS: Early postoperative ambulation was feasible and considered key in achieving low morbidity after video-assisted thoraco-
scopic surgery lobectomy. Adoption of T-ERAS improved over time. Further studies will help define adoptability at other sites and validate
impact on improving outcomes.
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Over the past 25 years, there has been tremendous development
and adoption of video-assisted thoracoscopic surgery (VATS)
lobectomy by centres around the world [1, 2]. Although mini-
mally invasive approaches can decrease morbidity and enhance
recovery compared to thoracotomy, there is potential to further
improve clinical outcomes. Institutions utilizing enhanced
recovery after surgery or enhanced recovery with ambulation
after surgery (ERAS) protocols offer an opportunity to accentuate
the efficacy of minimally invasive procedures [3]. A key compo-
nent of most ERAS programmes is early postoperative ambula-
tion [4]. In July 2010, our institution implemented an early
ambulation protocol known as ‘thoracic enhanced recovery with
ambulation after surgery (T-ERAS)’. This fast-track recovery pro-
gramme originated as a quality improvement initiative which
aimed to optimize the benefits of minimally invasive approaches
on our thoracic surgery service.

Over the last 6 years, 1172 thoracic surgery patients have
entered the T-ERAS protocol. The current report focuses on
patients undergoing video-assisted thoracoscopic surgery (VATS)
lobectomies. The T-ERAS protocol involves ambulation instituted
within 1 h of extubation after a VATS resection. The successful
implementation of this programme has required strong interdis-
ciplinary partnerships with nursing, anaesthesia and administra-
tion. Details of the T-ERAS protocol and results after planned
VATS lobectomy are presented below.

MATERIALS AND METHODS

This is an institutional review board-approved, single-centre, ret-
rospective analysis of a quality improvement protocol. This
report includes 2 cohorts of patients who were scheduled for a
VATS lobectomy. The T-ERAS cohort consists of patients from
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cic, postoperative ambulatory care unit (PACU). The pre-T-ERAS
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Abstract

Background: Physiotherapy is a major cornerstone of enhanced rehabilitation after surgery (ERAS) and reduces the development of
atelectasis after thoracic surgery. By initiating physiotherapy in the post-anaesthesia care unit (PACU), the aim was to evaluate
whether the ultra-early initiation of rehabilitation (in the !rst hour following tracheal extubation) would improve the outcomes of
patients undergoing elective thoracic surgery.

Methods:A case–control study with a before-and-after design was conducted. From a historical control group, patients were paired at
a 3:1 ratio with an intervention group. This group consisted of patients treated with the ultra-early rehabilitation programme after
elective thoracic surgery (clear "uids, physiotherapy, and ambulation). The primary outcome was the incidence of postoperative
atelectasis and/or pneumonia during the hospital stay.

Results: After pairing, 675 patients were allocated to the historical control group and 225 patients to the intervention group. A
signi!cant decrease in the incidence of postoperative atelectasis and/or pneumonia was found in the latter (11.4 versus 6.7 per cent
respectively; P= 0.042) and remained signi!cant on multivariate analysis (OR 0.53, 95 per cent c.i. 0.26 to 0.98; P=0.045). A subgroup
analysis of the intervention group showed that early ambulation during the PACU stay was associated with a further signi!cant
decrease in the incidence of postoperative atelectasis and/or pneumonia (2.2 versus 9.5 per cent; P= 0.012).

Conclusions:Ultra-early rehabilitation in the PACUwas associatedwith a decrease in the incidence of postoperative atelectasis and/or
pneumonia after major elective thoracic surgery.

Introduction
Initially developed for patients undergoing colorectal surgery,
enhanced recovery after surgery (ERAS) programmes are now
commonplace in all areas of surgery1,2. Thoracic surgery is
associated with a high incidence of postoperative complications,
including atelectasis and pneumonia3,4. For this group of
patients, ERAS care bundles have been found to decrease the
incidence of postoperative complications5,6.

Recent data showed an association between postoperative
atelectasis and pleural effusion diagnosed in the post-
anaesthesia care unit (PACU) and the subsequent development
of postoperative pulmonary complications, suggesting that
postoperative complications could start very early in the patient

journey7. The ERAS programme, routinely implemented in the
study centre since 2010, included postoperative rehabilitation
initiated mostly the day after surgery. The aim of this study was
to assess the impact of initiating rehabilitation during the PACU
stay and to assess whether this ultra-early initiation of
postoperative rehabilitation was feasible, safe, and bene!cial for
patients undergoing elective thoracic surgery.

Methods
Study design
A single-centred case–control study with a before-and-after design
was performed in the departments of thoracic surgery,
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anaesthesiology, and intensive care of the Hospital Nord, a 650-bed
hospital of Assistance Publique—Hôpitaux Universitaires de
Marseille, Marseille, France. This study was performed according
to STROBE guidelines8.

Population
All patients admitted to the hospital for elective lung resection
were eligible. The historical control group consisted of
consecutive patients who underwent elective lung resection
between 1 July 2015 and 27 May 2018. Patients undergoing
pneumonectomy or non-elective lung resection were not
included.

Ultra-early initiation of postoperative rehabilitation was
started on 28 May 2018. The intervention group consisted of all
consecutive patients included in the ultra-early rehabilitation
programme after elective lung resection during the intervention
interval, between 28 May 2018 and 23 September 2019. The
length of the total study interval (1 July 2015 to 23 September
2019) was chosen to allow suf!cient pairing with the historical
control group at a ratio of 3:1.

Patients who underwent surgery during the intervention
interval but were not treated with ultra-early rehabilitation were
allocated to the contemporary control group. Those patients
were not treated due to a shortage of either medical or nursing
staff (especially in the evening when the night medical and
nursing teams come on duty). Within the intervention group, the
patients who were able to ambulate in the PACU or walked back
to the surgical ward were identi!ed for subgroup analysis.

Study protocol
Figure 1 shows the timeline differences between the control group
and the intervention group. All patients included in the study
(historical and contemporary control groups and intervention

group) were treated with a standardized ERAS protocol. This
protocol has not been modi!ed since 2010 and is described in
Table S1.

During their PACU stay and in the !rst hour following tracheal
extubation, patients in the intervention group had the following
elements in addition to standard care:

Patients were placed in a semi-recumbent position
The intravenous line was locked. If needed, analgesia was

administered via the oral route
Clear "uids (water or apple juice) were offered
Respiratory rehabilitation derived from the I-COUGH program9:
• Incentive spirometry with the Spiro-Ball® system
• Education on ef!cient ways to cough and perform painless

deep breathing exercises
When feasible, full ambulation in the PACU.Ambulation included

a medically supervised walk around the PACU (80 m) and/or
walking back to the surgical ward (150 m). This walk was
supervised by a trainee or resident anaesthetist Completion
of one or both tasks constituted allocation to the ambulatory
subgroup.

All ultra-early rehabilitation activity occurred under the
supervision of a resident anaesthetist and the patient’s
allocated nurse in the PACU.

Study outcomes
The primary outcome was the incidence of postoperative
atelectasis and/or pneumonia (occurrence of either event was
considered positive) during the hospital stay. Atelectasis and
pneumonia were diagnosed on radiological and clinical criteria.

Atelectasis was diagnosed when a !nding of lung collapse was
made on chest X-ray, chest CT and/or lung ultrasound10,11.

Control
group

a

b

Experimental
group

Surgery day

Tracheal extubation

Tracheal extubation

Surgery PACU Surgical ward

Surgery PACU

Physiotherapy
with/without ambulation

Physiotherapy
with/without ambulation

Clear fluids
locked i.v. line

Clear fluids
locked i.v. line

Surgical ward

Postoperative day 1

Fig. 1 Timelines of control (a) and intervention (b) group i.v., intravenous; PACU, post-anaesthesia care unit.
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Background: Physiotherapy is a major cornerstone of enhanced rehabilitation after surgery (ERAS) and reduces the development of
atelectasis after thoracic surgery. By initiating physiotherapy in the post-anaesthesia care unit (PACU), the aim was to evaluate
whether the ultra-early initiation of rehabilitation (in the !rst hour following tracheal extubation) would improve the outcomes of
patients undergoing elective thoracic surgery.

Methods:A case–control study with a before-and-after design was conducted. From a historical control group, patients were paired at
a 3:1 ratio with an intervention group. This group consisted of patients treated with the ultra-early rehabilitation programme after
elective thoracic surgery (clear "uids, physiotherapy, and ambulation). The primary outcome was the incidence of postoperative
atelectasis and/or pneumonia during the hospital stay.

Results: After pairing, 675 patients were allocated to the historical control group and 225 patients to the intervention group. A
signi!cant decrease in the incidence of postoperative atelectasis and/or pneumonia was found in the latter (11.4 versus 6.7 per cent
respectively; P= 0.042) and remained signi!cant on multivariate analysis (OR 0.53, 95 per cent c.i. 0.26 to 0.98; P=0.045). A subgroup
analysis of the intervention group showed that early ambulation during the PACU stay was associated with a further signi!cant
decrease in the incidence of postoperative atelectasis and/or pneumonia (2.2 versus 9.5 per cent; P= 0.012).

Conclusions:Ultra-early rehabilitation in the PACUwas associatedwith a decrease in the incidence of postoperative atelectasis and/or
pneumonia after major elective thoracic surgery.

Introduction
Initially developed for patients undergoing colorectal surgery,
enhanced recovery after surgery (ERAS) programmes are now
commonplace in all areas of surgery1,2. Thoracic surgery is
associated with a high incidence of postoperative complications,
including atelectasis and pneumonia3,4. For this group of
patients, ERAS care bundles have been found to decrease the
incidence of postoperative complications5,6.

Recent data showed an association between postoperative
atelectasis and pleural effusion diagnosed in the post-
anaesthesia care unit (PACU) and the subsequent development
of postoperative pulmonary complications, suggesting that
postoperative complications could start very early in the patient

journey7. The ERAS programme, routinely implemented in the
study centre since 2010, included postoperative rehabilitation
initiated mostly the day after surgery. The aim of this study was
to assess the impact of initiating rehabilitation during the PACU
stay and to assess whether this ultra-early initiation of
postoperative rehabilitation was feasible, safe, and bene!cial for
patients undergoing elective thoracic surgery.

Methods
Study design
A single-centred case–control study with a before-and-after design
was performed in the departments of thoracic surgery,

Received: January 28, 2022. Accepted: April 08, 2022
© The Author(s) 2022. Published by Oxford University Press on behalf of BJS Society Ltd.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://creativecommons.org/
licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited.
For commercial re-use, please contact journals.permissions@oup.com

BJS Open, 2022, zrac063

https://doi.org/10.1093/bjsopen/zrac063

Original Article

D
ow

nloaded from
 https://academ

ic.oup.com
/bjsopen/article/6/3/zrac063/6590976 by guest on 25 M

ay 2022

Efficacité   



APD
Cathéter PV si échec

Thoracotomie

ALR

Induction

Réchauffement

Monitorage

AIVOC propofol ; Sufentanil ; Kétamine ; Prévention NVPO ; Curarisation ; 
Antibioprophylaxie 

Réchauffement externe ; Température de Salle 21-23 °C

Température ; Curarisation ; Index BiSpectral

Noradrénaline IVSE 10µg/mL 

Propofol AIVOC ; Kétamine ; Bolus APD si présent ; 

60 min avant fin de la chirurgie : multimodale

Vidéo-thoracoscopie Chirurgie robotique

Bloc paravertébral Cathéter 
paravertébral

Vasopresseur

Entretien

Antalgie post 
opératoire

Prise en charge standardisée



postoperative mechanical ventilation rate was lower in the
intervention group compared with the historical control group
(0.4 versus 3.1 per cent; P= 0.039). No differences were found
among any of the other secondary outcomes (Table 2). For the
243 patients treated with ultra-early rehabilitation, two cases of
orthostatic hypotension (resolved spontaneously) were recorded.
No falls or serious incidents were noted.

Multivariate analysis
Ultra-early rehabilitation was independently associated with a
decreased rate of postoperative atelectasis and/or pneumonia
risk (OR 0.53, 95 per cent c.i. 0.26 to 0.98, P= 0.045) and a shorter
duration of hospital stay (OR 0.94, 95 per cent c.i. 0.90 to 0.98,
P = 0.013).

Unpaired analyses
Contemporary control group
An unpaired analysis was performed on the 243 patients in the
intervention group and the 281 patients in the contemporary
control group. The intervention group had higher rates of single
shot paravertebral block and lower rates of epidural analgesia.
Those patients also had shorter surgery duration, higher rates of
minimally invasive procedures, and lower rates of invasive
surgical approach (Table S2).

The rate of postoperative atelectasis and/or pneumonia was
signi!cantly lower in the intervention group than in the
contemporary control group (6.6 versus 16.4 per cent; P= 0.001).
In the intervention group, there was a reduced duration of
hospital stay (5 (i.q.r. 4.0–7.0) days versus 6 (i.q.r. 4.0–10.0);
P=0.002) and decreased rates of postoperative pulmonary
complications at day 28 (13.6 versus 29.2 per cent; P, 0.001), CCI
score (0 (i.q.r. 0–8.7) versus 0 (i.q.r. 0–20.9); P= 0.020), mechanical
ventilation support (0.8 versus 4.6 per cent; P=0.037), ICU
admission (3.3 versus 7.5 per cent; P=0.037) and extended chest
drainage (8.2 versus 16.0 per cent; P= 0.007) (Table 3).

Ambulatory subgroup
Within the intervention group, unpaired subgroup analysis was
performed between the ambulatory subgroup (n= 138) and the
non-ambulatory intervention subgroup (n=105). Patients in the
ambulatory subgroup had lower BMI (23.8 (i.q.r. 20.9–27.1) versus

Table 2 Comparison of outcomes between historical control and
intervention groups (paired analysis)

Historical
control group

(n=675)

Intervention
group

(n=225)

P

Postoperative atelectasis
and/or pneumonia

77 (11.4) 15 (6.7) 0.042

Postoperative pulmonary
complications at day 28

131 (19.4) 31 (13.7) 0.058

Duration of hospital stay,
(days) median (i.q.r.)

6 (4.0–9.0) 5 (4.0–7.0) 0.003

Readmission rates at day 28 48 (7.1) 19 (8.4) 0.460
All-cause day-28 mortality 8 (1.2) 3 (1.3) 1
Comprehensive

complication index,
median (i.q.r.)

0 (0–8.7) 0 (0–8.7) 0.080

ICU admission during
hospital stay

39 (5.8) 6 (2.7) 0.076

Mechanical ventilation 21 (3.1) 1 (0.4) 0.039
Pleural effusion 23 (3.4) 7 (3.1) 1
Need for extended chest

drainage (. 5 days)
58 (8.6) 19 (8.4) 1

Need for new chest drainage 20 (3.0) 9 (4.0) 0.510
Pneumothorax 41 (6.1) 21 (9.3) 0.230
Pulmonary embolism or

deep vein thrombosis
9 (1.3) 1 (0.4) 0.470

Bold values indicate P, 0.005. i.q.r., interquartile range. Values are n (%) unless
stated otherwise.

Table 3 Comparison of outcomes between contemporary control
and intervention groups (unpaired analysis)

Contemporary
control group

(n=281)

Intervention
group

(n=243)

P

Postoperative atelectasis
and/or pneumonia

46 (16.4) 16 (6.6) 0.001

Postoperative pulmonary
complications at day 28

82 (29.2) 33 (13.6) ,0.001

Duration of hospital stay,
(days) median (i.q.r.)

6 (4.0–10.0) 5 (4.0–7.0) 0.002

Readmission rates at day
28

21 (7.5) 20 (8.2) 0.748

All-cause day-28
mortality

6 (2.1) 3 (1.2) 0.429

Comprehensive
complication index,
median (i.q.r.)

0 (0-20.9) 0 (0–8.7) 0.020

Intensive care unit
admission during
hospital stay

21 (7.5) 8 (3.3) 0.037

Mechanical ventilation 13 (4.6) 2 (0.8) 0.009
Pleural effusion 14 (5.0) 7 (2.9) 0.221
Need for extended chest

drainage (. 5 days)
45 (16.0) 20 (8.2) 0.007

Need for new chest
drainage

18 (6.4) 10 (4.1) 0.245

Pneumothorax 37 (13.2) 22 (9.1) 0.137
Pulmonary embolism or

deep vein thrombosis
5 (1.8) 1 (0.4) 0.142

Bold values indicate P, 0.005. i.q.r., interquartile range. Values are n (%) unless
stated otherwise.

Table 4 Comparison of outcomes between non-ambulatory and
ambulatory subgroups

Non-ambulatory
intervention

subgroup (n=105)

Ambulatory
subgroup
(n=138)

P

Postoperative atelectasis
and/or pneumonia

10 (9.5) 3 (2.2) 0.012

Postoperative pulmonary
complications at day 28

24 (22.9) 29 (21.0) 0.730

Duration of hospital stay,
(days) median (i.q.r.)

6 (4.0–7.0) 5 (4.0–7.0) 0.024

Readmission rates at day 28 0 (0) 0 (0) 1
All-cause day-28 mortality 2 (1.9) 2 (1.5) 0.782
Comprehensive

complication index,
median (i.q.r.)

0 (0–20.9) 0 (0-0) 0.195

Intensive care unit
admission during
hospital stay

5 (4.8) 3 (2.2) 0.263

Mechanical ventilation 2 (1.9) 0 (0) 0.109
Pleural effusion 1(1.0) 6 (4.3) 0.117
Need for extended chest

drainage (. 5 days)
8 (7.6) 12 (8.6) 0.762

Need for new chest
drainage

5 (4.8) 5 (3.6) 0.658

Pneumothorax 5 (4.8) 17 (12.3) 0.042
Pulmonary embolism or

deep vein thrombosis
0 (0) 1 (0.7) 0.382

Bold values indicate P, 0.005. i.q.r., interquartile range. Values are n (%) unless
stated otherwise.
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Abstract

Background: Physiotherapy is a major cornerstone of enhanced rehabilitation after surgery (ERAS) and reduces the development of
atelectasis after thoracic surgery. By initiating physiotherapy in the post-anaesthesia care unit (PACU), the aim was to evaluate
whether the ultra-early initiation of rehabilitation (in the !rst hour following tracheal extubation) would improve the outcomes of
patients undergoing elective thoracic surgery.

Methods:A case–control study with a before-and-after design was conducted. From a historical control group, patients were paired at
a 3:1 ratio with an intervention group. This group consisted of patients treated with the ultra-early rehabilitation programme after
elective thoracic surgery (clear "uids, physiotherapy, and ambulation). The primary outcome was the incidence of postoperative
atelectasis and/or pneumonia during the hospital stay.

Results: After pairing, 675 patients were allocated to the historical control group and 225 patients to the intervention group. A
signi!cant decrease in the incidence of postoperative atelectasis and/or pneumonia was found in the latter (11.4 versus 6.7 per cent
respectively; P= 0.042) and remained signi!cant on multivariate analysis (OR 0.53, 95 per cent c.i. 0.26 to 0.98; P=0.045). A subgroup
analysis of the intervention group showed that early ambulation during the PACU stay was associated with a further signi!cant
decrease in the incidence of postoperative atelectasis and/or pneumonia (2.2 versus 9.5 per cent; P= 0.012).

Conclusions:Ultra-early rehabilitation in the PACUwas associatedwith a decrease in the incidence of postoperative atelectasis and/or
pneumonia after major elective thoracic surgery.

Introduction
Initially developed for patients undergoing colorectal surgery,
enhanced recovery after surgery (ERAS) programmes are now
commonplace in all areas of surgery1,2. Thoracic surgery is
associated with a high incidence of postoperative complications,
including atelectasis and pneumonia3,4. For this group of
patients, ERAS care bundles have been found to decrease the
incidence of postoperative complications5,6.

Recent data showed an association between postoperative
atelectasis and pleural effusion diagnosed in the post-
anaesthesia care unit (PACU) and the subsequent development
of postoperative pulmonary complications, suggesting that
postoperative complications could start very early in the patient

journey7. The ERAS programme, routinely implemented in the
study centre since 2010, included postoperative rehabilitation
initiated mostly the day after surgery. The aim of this study was
to assess the impact of initiating rehabilitation during the PACU
stay and to assess whether this ultra-early initiation of
postoperative rehabilitation was feasible, safe, and bene!cial for
patients undergoing elective thoracic surgery.

Methods
Study design
A single-centred case–control study with a before-and-after design
was performed in the departments of thoracic surgery,
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Mayor et al. Thoracic enhanced recovery with ambulation

We previously implemented a T-ERA
A
S (Thoracic-Early 

Recovery with Ambulation After Surgery) protocol which 
focused on early ambulation that begins in the outpatient 
setting and continues in the post-operative anesthesia care 
VOJU�	1"$6
�PO�UIF�EBZ�PG�TVSHFSZ�	Figure 1). Our rationale 
for focusing on ambulation was that a patient’s mobility is 
a tangible, reproducible, and measurable endpoint around 
which other more subjective markers should improve, 
namely, pain control, respiratory function, cardiac function, 
and patient satisfaction. There are no programs to our 
knowledge whose primary focus was transforming the time 
and distance patients ambulate in the immediate post-
operative period. We recently published our results from 
this program with a focus on a readily comparable subset 
of patients, specifically patients undergoing thoracoscopic 
lobectomy (14). The report includes 304 patients who 
underwent video-assisted thoracic surgery (VATS) 
lobectomy, and results were compared to 100 patients who 
also underwent VATS lobectomy, but were treated prior 
to the implementation of T-ERA

A
S. Our median length of 

stay was 1 day compared to 2 days before implementation 
	1������
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A
S. After 

8 years of developing this program, our post-surgical care 
is streamlined. Visitors to our post anesthesia care unit 
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striking scene is the patient who has just been wheeled from 
the operating room placed in a chair within several minutes 
of arrival, and ambulates down the hall less than one hour 
following extubation. Achievement of this goal required 
changing the culture of our entire team, from the pre-
TVSHJDBM�BOE�JOUSBPQFSBUJWF�QIBTFT� UP�UIF�1"$6�BOE�TUFQ�
down care. Here, we describe our current program as well 
as some of the challenges we have faced in its evolution. 

Culture change

The success of T-ERA
A
S was dependent on the full 

participation and “buy-in” of every health care professional 
involved in the care of the patient, from the preoperative 
office visit to the post-operative discharge, as well as the 
patient’s support system, or “family”. While expectations 
were set by the surgeon in the first preoperative visit, 
we found that it was mandatory to reinforce this in the 
immediate preoperative period. Our patients and their 
families are reminded by the surgical staff (including not 
only the surgeon and surgeon assistant/resident, but the 
preoperative nurse and operating team that although pain 
control is important, our number one priority is returning 
them to their pre-operative state or better. Successful 

Figure 1 The T-ERAAS protocol begins at the preoperative outpatient visit and focuses on ambulation. T-ERAAS, Thoracic-Early Recovery 

with Ambulation After Surgery.
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Abstract

Background: Physiotherapy is a major cornerstone of enhanced rehabilitation after surgery (ERAS) and reduces the development of
atelectasis after thoracic surgery. By initiating physiotherapy in the post-anaesthesia care unit (PACU), the aim was to evaluate
whether the ultra-early initiation of rehabilitation (in the !rst hour following tracheal extubation) would improve the outcomes of
patients undergoing elective thoracic surgery.

Methods:A case–control study with a before-and-after design was conducted. From a historical control group, patients were paired at
a 3:1 ratio with an intervention group. This group consisted of patients treated with the ultra-early rehabilitation programme after
elective thoracic surgery (clear "uids, physiotherapy, and ambulation). The primary outcome was the incidence of postoperative
atelectasis and/or pneumonia during the hospital stay.

Results: After pairing, 675 patients were allocated to the historical control group and 225 patients to the intervention group. A
signi!cant decrease in the incidence of postoperative atelectasis and/or pneumonia was found in the latter (11.4 versus 6.7 per cent
respectively; P= 0.042) and remained signi!cant on multivariate analysis (OR 0.53, 95 per cent c.i. 0.26 to 0.98; P=0.045). A subgroup
analysis of the intervention group showed that early ambulation during the PACU stay was associated with a further signi!cant
decrease in the incidence of postoperative atelectasis and/or pneumonia (2.2 versus 9.5 per cent; P= 0.012).

Conclusions:Ultra-early rehabilitation in the PACUwas associatedwith a decrease in the incidence of postoperative atelectasis and/or
pneumonia after major elective thoracic surgery.

Introduction
Initially developed for patients undergoing colorectal surgery,
enhanced recovery after surgery (ERAS) programmes are now
commonplace in all areas of surgery1,2. Thoracic surgery is
associated with a high incidence of postoperative complications,
including atelectasis and pneumonia3,4. For this group of
patients, ERAS care bundles have been found to decrease the
incidence of postoperative complications5,6.

Recent data showed an association between postoperative
atelectasis and pleural effusion diagnosed in the post-
anaesthesia care unit (PACU) and the subsequent development
of postoperative pulmonary complications, suggesting that
postoperative complications could start very early in the patient

journey7. The ERAS programme, routinely implemented in the
study centre since 2010, included postoperative rehabilitation
initiated mostly the day after surgery. The aim of this study was
to assess the impact of initiating rehabilitation during the PACU
stay and to assess whether this ultra-early initiation of
postoperative rehabilitation was feasible, safe, and bene!cial for
patients undergoing elective thoracic surgery.

Methods
Study design
A single-centred case–control study with a before-and-after design
was performed in the departments of thoracic surgery,
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n = 225

All thoracic surgery, excluding lung transplant surgery
study period (1 July 2015 and 23 September 2019)
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Elective lung resection surgery
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All non-lung resection surgery
Emergency surgery
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Elective lung resection surgery
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Elective lung resection surgery
intervention period (28 May 2018 and 23 September 2019)

n = 524

Exclusion: missing files
n = 5

Patients not included in the intervention
group due to medical or nurse shortage

Contemporary control group
n = 281

Fig. 2 Flow chart of patient allocation for the study

Table 1 Patients characteristics and demographics (paired analysis)

Historical control group n=675 Intervention group n=225 P

Age, (years) median (i.q.r.) 64 (56.0–71.0) 64 (57–70.5) 0.870
BMI, (kg/m2) median (i.q.r.) 25.2 (21.3–27.3) 24.8 (21.1–27.3) 0.240
WHO PS WHO PS 0–1 454 (67.3) 158 (70.2) 0.420

WHO PS. 1 221 (32.7) 67 (29.8) 0.420
ASA grade ASA I–II 454 (67.3) 158 (70.2) 0.460

ASA. II 221 (32.7) 67 (29.8) 0.460
Charlson score, median (i.q.r.) 5 (4.0–7.0) 6 (4.0–7.0) 0.120
Co-morbidities Hypertension 209 (31.0) 71 (31.6) 0.870

Heart failure 11 (1.6) 5 (2.2) 0.560
Coronary disease 79 (11.7) 27 (12.0) 0.910
COPD 107 (15.9) 38 (16.9) 0.690
Oxygen therapy 7 (1.0) 1 (0.4) 0.750
Malnutrition 5 (0.7) 1 (0.4) 1
Tobacco use 333 (49.3) 153 (68.0) ,0.001

mMRC dyspnoea Stage 0 327 (48.4) 136 (60.4) 0.002
Stage 1 205 (30.4) 55 (24.4) 0.106
Stage 2 117 (17.3) 34 (15.1) 0.472
Stage 3 21 (3.1) 0 (0) 0.004
Stage 4 3 (0.4) 0 (0) 0.577
Stage 5 2 (0.2) 0 (0) 1

Lung disease Primitive lesion 468 (69.3) 146 (64.9) 0.210
Metastatic lesion 108 (16.0) 44 (29.6) 0.219
Benign lesion 17 (2.5) 10 (4.4) 0.174
Infectious/in!ammatory 66 (9.8) 22 (9.8) 1
Congenital 6 (0.9) 0 (0) 0.346
Degenerative 10 (1.5) 3 (1.3) 1

Surgery length, (mins) median (i.q.r.) 127 (80.0–160.0) 123 (81.0–162.0) 0.420
Locoregional anaesthesia Single shot paravertebral block 438 (64.9) 155 (68.9) 0.290

Peridural analgesia 87 (12.9) 34 (15.1) 0.430
Paravertebral catheter 146 (21.6) 35 (15.6) 0.055
Not found 4 (0.6) 1 (0.4)

Surgery type Lobectomy 437 (64.8) 137 (60.9) 0.300
Bi lobectomy 10 (1.5) 4 (1.8) 0.760
Segmentectomy 78 (11.6) 34 (15.1) 0.160
Unique partial resection 117 (17.3) 44 (19.6) 0.480
Multiple partial resections 33 (4.9) 6 (2.7) 0.190

Approach Invasive 126 (18.7) 42 (18.7) 1
Minimally invasive 549 (81.3) 183 (81.3) 1

Bold values indicate P, 0.005. i.q.r., interquartile range;WHOPS,WHOphysical score;mMRC:modi"edMedical ResearchCouncil. Values are n (%) unless stated otherwise.
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Abstract

Background: Physiotherapy is a major cornerstone of enhanced rehabilitation after surgery (ERAS) and reduces the development of
atelectasis after thoracic surgery. By initiating physiotherapy in the post-anaesthesia care unit (PACU), the aim was to evaluate
whether the ultra-early initiation of rehabilitation (in the !rst hour following tracheal extubation) would improve the outcomes of
patients undergoing elective thoracic surgery.

Methods:A case–control study with a before-and-after design was conducted. From a historical control group, patients were paired at
a 3:1 ratio with an intervention group. This group consisted of patients treated with the ultra-early rehabilitation programme after
elective thoracic surgery (clear "uids, physiotherapy, and ambulation). The primary outcome was the incidence of postoperative
atelectasis and/or pneumonia during the hospital stay.

Results: After pairing, 675 patients were allocated to the historical control group and 225 patients to the intervention group. A
signi!cant decrease in the incidence of postoperative atelectasis and/or pneumonia was found in the latter (11.4 versus 6.7 per cent
respectively; P= 0.042) and remained signi!cant on multivariate analysis (OR 0.53, 95 per cent c.i. 0.26 to 0.98; P=0.045). A subgroup
analysis of the intervention group showed that early ambulation during the PACU stay was associated with a further signi!cant
decrease in the incidence of postoperative atelectasis and/or pneumonia (2.2 versus 9.5 per cent; P= 0.012).

Conclusions:Ultra-early rehabilitation in the PACUwas associatedwith a decrease in the incidence of postoperative atelectasis and/or
pneumonia after major elective thoracic surgery.

Introduction
Initially developed for patients undergoing colorectal surgery,
enhanced recovery after surgery (ERAS) programmes are now
commonplace in all areas of surgery1,2. Thoracic surgery is
associated with a high incidence of postoperative complications,
including atelectasis and pneumonia3,4. For this group of
patients, ERAS care bundles have been found to decrease the
incidence of postoperative complications5,6.

Recent data showed an association between postoperative
atelectasis and pleural effusion diagnosed in the post-
anaesthesia care unit (PACU) and the subsequent development
of postoperative pulmonary complications, suggesting that
postoperative complications could start very early in the patient

journey7. The ERAS programme, routinely implemented in the
study centre since 2010, included postoperative rehabilitation
initiated mostly the day after surgery. The aim of this study was
to assess the impact of initiating rehabilitation during the PACU
stay and to assess whether this ultra-early initiation of
postoperative rehabilitation was feasible, safe, and bene!cial for
patients undergoing elective thoracic surgery.

Methods
Study design
A single-centred case–control study with a before-and-after design
was performed in the departments of thoracic surgery,
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atelectasis after thoracic surgery. By initiating physiotherapy in the post-anaesthesia care unit (PACU), the aim was to evaluate
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a 3:1 ratio with an intervention group. This group consisted of patients treated with the ultra-early rehabilitation programme after
elective thoracic surgery (clear "uids, physiotherapy, and ambulation). The primary outcome was the incidence of postoperative
atelectasis and/or pneumonia during the hospital stay.

Results: After pairing, 675 patients were allocated to the historical control group and 225 patients to the intervention group. A
signi!cant decrease in the incidence of postoperative atelectasis and/or pneumonia was found in the latter (11.4 versus 6.7 per cent
respectively; P= 0.042) and remained signi!cant on multivariate analysis (OR 0.53, 95 per cent c.i. 0.26 to 0.98; P=0.045). A subgroup
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Initially developed for patients undergoing colorectal surgery,
enhanced recovery after surgery (ERAS) programmes are now
commonplace in all areas of surgery1,2. Thoracic surgery is
associated with a high incidence of postoperative complications,
including atelectasis and pneumonia3,4. For this group of
patients, ERAS care bundles have been found to decrease the
incidence of postoperative complications5,6.

Recent data showed an association between postoperative
atelectasis and pleural effusion diagnosed in the post-
anaesthesia care unit (PACU) and the subsequent development
of postoperative pulmonary complications, suggesting that
postoperative complications could start very early in the patient

journey7. The ERAS programme, routinely implemented in the
study centre since 2010, included postoperative rehabilitation
initiated mostly the day after surgery. The aim of this study was
to assess the impact of initiating rehabilitation during the PACU
stay and to assess whether this ultra-early initiation of
postoperative rehabilitation was feasible, safe, and bene!cial for
patients undergoing elective thoracic surgery.
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All thoracic surgery, excluding lung transplant surgery
study period (1 July 2015 and 23 September 2019)
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Elective lung resection surgery
study period (1 July 2015 and 23 September 2019)

n = 1528

Exclusion:
All non-lung resection surgery
Emergency surgery
Minors n = 1866

Elective lung resection surgery
study period (1 July 2015 and 27 May 2018)

n = 1004

Elective lung resection surgery
intervention period (28 May 2018 and 23 September 2019)

n = 524

Exclusion: missing files
n = 5

Patients not included in the intervention
group due to medical or nurse shortage

Contemporary control group
n = 281

Fig. 2 Flow chart of patient allocation for the study

Table 1 Patients characteristics and demographics (paired analysis)

Historical control group n=675 Intervention group n=225 P

Age, (years) median (i.q.r.) 64 (56.0–71.0) 64 (57–70.5) 0.870
BMI, (kg/m2) median (i.q.r.) 25.2 (21.3–27.3) 24.8 (21.1–27.3) 0.240
WHO PS WHO PS 0–1 454 (67.3) 158 (70.2) 0.420

WHO PS. 1 221 (32.7) 67 (29.8) 0.420
ASA grade ASA I–II 454 (67.3) 158 (70.2) 0.460

ASA. II 221 (32.7) 67 (29.8) 0.460
Charlson score, median (i.q.r.) 5 (4.0–7.0) 6 (4.0–7.0) 0.120
Co-morbidities Hypertension 209 (31.0) 71 (31.6) 0.870

Heart failure 11 (1.6) 5 (2.2) 0.560
Coronary disease 79 (11.7) 27 (12.0) 0.910
COPD 107 (15.9) 38 (16.9) 0.690
Oxygen therapy 7 (1.0) 1 (0.4) 0.750
Malnutrition 5 (0.7) 1 (0.4) 1
Tobacco use 333 (49.3) 153 (68.0) ,0.001

mMRC dyspnoea Stage 0 327 (48.4) 136 (60.4) 0.002
Stage 1 205 (30.4) 55 (24.4) 0.106
Stage 2 117 (17.3) 34 (15.1) 0.472
Stage 3 21 (3.1) 0 (0) 0.004
Stage 4 3 (0.4) 0 (0) 0.577
Stage 5 2 (0.2) 0 (0) 1

Lung disease Primitive lesion 468 (69.3) 146 (64.9) 0.210
Metastatic lesion 108 (16.0) 44 (29.6) 0.219
Benign lesion 17 (2.5) 10 (4.4) 0.174
Infectious/in!ammatory 66 (9.8) 22 (9.8) 1
Congenital 6 (0.9) 0 (0) 0.346
Degenerative 10 (1.5) 3 (1.3) 1

Surgery length, (mins) median (i.q.r.) 127 (80.0–160.0) 123 (81.0–162.0) 0.420
Locoregional anaesthesia Single shot paravertebral block 438 (64.9) 155 (68.9) 0.290

Peridural analgesia 87 (12.9) 34 (15.1) 0.430
Paravertebral catheter 146 (21.6) 35 (15.6) 0.055
Not found 4 (0.6) 1 (0.4)

Surgery type Lobectomy 437 (64.8) 137 (60.9) 0.300
Bi lobectomy 10 (1.5) 4 (1.8) 0.760
Segmentectomy 78 (11.6) 34 (15.1) 0.160
Unique partial resection 117 (17.3) 44 (19.6) 0.480
Multiple partial resections 33 (4.9) 6 (2.7) 0.190

Approach Invasive 126 (18.7) 42 (18.7) 1
Minimally invasive 549 (81.3) 183 (81.3) 1

Bold values indicate P, 0.005. i.q.r., interquartile range;WHOPS,WHOphysical score;mMRC:modi"edMedical ResearchCouncil. Values are n (%) unless stated otherwise.
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!uid) and subsequent diagnosis of PPC raise the pos-
sibility that these early abnormalities may contribute 
to the development of PPC or share common media-
tors.25,26 In clinical practice, immediate alveolar con-
solidations and pleural effusion can often be detected 
via only 1 posteroinferior scan in each lung, suggest-
ing that a simpli"ed PACU-LUS at the postero-sus-
diaphragmatic point could also have diagnostic value. 
Future studies are required to measure the effect of a 
PACU-LUS–guided allocation of prophylactic treat-
ment such as NIV on PPCs.

In our study, the PACU-LUS score poorly predicted 
all PPCs. Indeed PPCs depend on multiple factors, 

Table 3.  Perioperative Data of Patients According to the Incidence of PPCs
Patients With PPCs 

(n = 63)
Patients Without PPC 

(n = 264) P
Surgery type    
 Digestive surgery 14 (22) 98 (37) .04
 Thoracic surgery 37 (59) 59 (22) <.001
 Vascular surgery 9 (14) 52 (20) .42
 Orthopedic surgery 2 (3) 44 (17) .01
 Neurosurgery 1 (2) 13 (5) .41
 Emergent procedure 9 (14) 17 (6) .07
Surgical incision    
 Laparotomy 10 (16) 67 (25) .15
 Laparoscopy 11 (18) 64 (24) .33
 Thoracotomy 23 (37) 20 (8) <.001
 Thoracoscopy 18 (29) 41 (16) .03
 Peripheral incision 7 (11) 80 (30) .003
Anesthesia procedure    
 Intravenous general anesthesia 56 (89) 194 (74) .02
 Inhaled general anesthesia 7 (11) 72 (26) .01
 Dif!cult airways accessa 13 (21) 48 (18) .79
Regional analgesia    
 Epidural thoracic analgesia 10 (16) 14 (5) .01
 Continuous infusion paravertebral block 13 (21) 14 (5) <.001
Neuromuscular blockade    
 Used 61 (97) 239 (91) .17
 Monitoring 39 (72) 160 (68) .64
 Reversal agents used 6 (10) 28 (11) .98
Intraoperative mechanical ventilation    
 Vt (mL) 420 [360–470] 440 [380–478] .11
 Vt PBW (mL/kg) 6 [5–7] 7 [6–8] .002
 PEEP (cmH2O) 5 [5–7] 5 [5–6] .007
 Plateau airway pressure (cmH2O) 18 [16–22] 18 [16–22] .88
 Driving pressure (cmH2O) 13 [10–15] 13 [10–16] .75
 FIO2 (%) 65 [60–80] 60 [50–70] .006
 SpO2 (%) 100 [98–100] 100 [99–100] .005
 SpO2/FIO2 ratio 154 [124–167] 167 [143–200] .007
 Alveolar recruitment maneuvers 33 (53) 85 (32) .003
Intraoperative "uid management    
 Crystalloids (mL/kg/h) 6 [4–9] 6 [5–10] .14
 Blood transfusion 3 (5) 30 (12) .18
 Urine output (mL/kg/h) 0.9 [0.6–1.3] 1.2 [0.6–2.2] .12
 Total blood loss (mL) 200 [100–300] 200 [100–300] .78
 Intraoperative vasopressors 25 (56) 102 (52) .82
 Urinary catheter 31 (50) 154 (58) .24
 Nasogastric tube 14 (22) 39 (15) .21

P value from unadjusted analysis. Values are expressed as absolute number (percentage) or medians [interquartile range].
Abbreviations: FIO2, fraction of inspired oxygen; ICU, intensive care unit; PEEP, positive end-expiratory pressure; PPCs, postoperative pulmonary complications; 
SpO2, saturation of oxygen; Vt, tidal volume; Vt PBW, tidal volume predicted body weight.
aIf Cormack score >2.
bCalculated as the time between skin incision and closure incision.
cCalculated as the time between induction of anesthesia and extubation.

AQ20

Table 4.  Variables Independently Associated With 
Postoperative Pulmonary Complications Calculated 
From the Logistic Regression

OR (95% CI) P
Immediate pleural effusion 6.81 (2.14–23.69) .002
Immediate alveolar consolidation 

diagnosed in the PACU
2.20 (1.09–4.40) .03

Thoracic surgery 9.83 (3.52–30.48) <.001
Anesthesia duration 1.004 (1.001–1.007) .03
COPD 1.96 (0.9–4.17) .08

Abbreviations: CI, con!dence interval; COPD, chronic obstructive pulmonary 
disease; OR, adjusted odds ratio; PACU, postanesthesia care unit.
aBecause of missing value for some variables, 8 patients were excluded; the 
multivariable analysis is based on the covariates known to be relevant in the 
literature, which were signi!cant in the univariable analysis with P < .2. A P 
value <.05 was used to assess !nal statistical signi!cance.
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Résultats 

816 patients
=> tho : 59% (484)
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Exclusion :
- Traumatismes
- Décès sur table 
- Pneumonectomie
- Chirurgies œsophagiennes, diaphragmatiques, 

pleurales, immunitaires
- Pneumonectomies 
- Patients mineurs 

Résections pulmonaires 
hors pneumonectomies

01/07/2015 =>  
23/09/2019
N =  1536

Groupe contrôle 
N = 999

28/05/2018 => 
23/09/2019

N = 532

Groupe RAAC en 
SSPI

N = 243

Efficacité 



Efficacité : 
• Etude avant après : résections pulmonaires: 1251 

patients  

2014-2018 
n= 999

2018-2019 
n=252

p=

Durée 
d’hospit

8j 6,3j 0,017

Pneumonies 8,1% 4,4% 0,043

Atelectasies 4,6 2% 0,07

Réanimation 6,3% 3,6% 0,06

Mortalité 2,1% 1,6% 0,9
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Après Appariement 1/3 

2014-2018n=
675

2018-2019 n=225 p=

Durée d’hospit 8j 6,36j 0,003

Pneumonies / 
Atélectasies

11,4 6,7 0,04

Hospitalisation en réa 5,8% 2,7% 0,06

Mortalité intra 1,9% 1,3% 0,7

Appariement 900 patients ( type de chirurgie, voie d’abord, Age, Sexe)

RAC en SSPI indépendamment associée à 
baisse de pneumonies atélectasies et de durée 

de séjour
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Groupe 
contrôle
(n = 999)

Groupe RAC
(n = 243)

P  
value

Pneumopathie et/ou Atélectasie, n (%) 108 (10.8) 16 (6.6) 0.056

Complication pulmonaire post 
opératoire J28, n (%)

196 (19.6) 33 (13.6) 0.034

Durée de Séjour, my (ET), jr 8.1 (10.1) 6.5 (4.5) 0.017
Réadmission J28, n (%) 71 (7.1) 21 (8.6) 0.41
Mortalité J28, n (%) 12 (1.2) 3 (1.3) 1
Hospitalisation en Réa, n (%) 63 (6.3) 8 (3.3) 0.89
Trouble du rythme, n (%) 37 (3.7) 5 (2.1) 0.24
Bullage prolongé, n (%) 91 (9.1) 20 (8.2) 0.8
Épanchement pleural, n (%) 31 (3.1) 7 (2.9) 1
Pneumothorax, n (%) 63 (6.3) 22 (9.1) 0.15
EP / TVP, n (%) 12 (1.2) 1 (0.4) 0.48
Drainage thoracique, n (%) 34 (3.4) 10 (4.1) 0.56
Ventilation mécanique, n (%) 31 (3.1) 2 (0.9) 0.69

Groupe 
contrôle
(n = 675)

Groupe RAC
(n = 225)

P 
value

Pneumopathie et/ou Atélectasie, n (%) 77 (11.4) 15 (6.7) 0.042

Complication pulmonaire post 
opératoire J28, n (%)

131 (19.4) 31 (13.8) 0.058

Durée de Séjour, my (ET), jr 8.1 (10.8) 6.5 (5.4) 0.003
Réadmission J28, n (%) 48 (6.8) 19 (8.4) 0.46
Mortalité J28, n (%) 8 (1.2) 3 (1.3) 1
Hospitalisation en Réa, n (%) 39 (5.8) 6 (2.7) 0.076
Trouble du rythme, n (%) 23 (3.4) 2 (0.9) 0.058
Bullage prolongé, n (%) 58 (8.6) 19 (8.4) 1
Épanchement pleural, n (%) 23 (3.4) 7 (3.1) 1
Pneumothorax, n (%) 41 (6.1) 21 (9.3) 0.23
EP / TVP, n (%) 9 (1.3) 1 (0.4) 0.47
Drainage thoracique, n (%) 20 (3) 9 (4) 0.51
Ventilation mécanique, n (%) 21 (3.1) 1 (0.5) 0.039

Analyses univariées avant et après appariement

Avant appariement Après appariement

Introduction Méthodes Résultats Discussion Conclusion



Groupe 
Contrôle
(n = 999) 

Groupe RAC
(n = 243)

P value

Age, my (ET), ans 62.8 (12.4) 63.7 (12.4) 0,27
Poids, my (ET), kg 73 (15.9) 69.8 (15.1) 0,004
Taille, my (ET), cm 169.3 (8.9) 167,6 (8.9) 0,009
BMI, my (ET), kg/m2 23,4 (4,7) 24,8 (4,6) 0,085
Durée d’intervention, 
my (ET), min

128.3 (60.6) 121.9 (58.5) 0.14

Score OMS, n (%) OMS 0-1 661 (66.3) 172 (70.8) 0.2
OMS > 1 337 (33.7) 71 (29.2) 0.2

Score ASA, n (%) ASA 1-2 662 (66.3) 172 (70.8) 0.2
ASA > 2 337 (33.7) 71 (29.2) 0.2

Score de Charlson, my 
(ET)

5.5 (2.4) 5.7 (5.7) 0.14

Tabagisme, n (%) 490 (49) 163 (67.1) < 0.001
Dyspnée mMRC, n (%) Stade 0 485 (48.5) 146 (60.3) 0.003

Stade 1 301 (30.1) 61 (25.2) 0.003
Stade 2 183 (18.3) 35 (14.5) 0.003
Stade 3 25 (2.5) 0 0.003
Stade 4 3 (0.3) 0 0.003
Stade 5 2 (0.2) 0 0.003

Type de chirurgie, n 
(%)

Segmentectomie 101 (10.1) 37 (15.2) 0.03

Groupe 
Contrôle
(n = 675) 

Groupe RAC
(n = 225)

P value

Age, my (ET), ans 63.7 (11.5) 63.9 (11.8) 0.87
Poids, my (ET), kg 72.7 (15.5) 70.4 (15.3) 0.058
Taille, my (ET), cm 169.3 (8.8) 168.1 (8.7) 0.068
BMI, my (ET), kg/m2 25.2 (4.6) 24,8 (4.7) 0.24
Durée d’intervention, 
my (ET), min

127.2 (59.6) 123.4 (59.5) 0.42

Score OMS, n (%) OMS 0-1 454 (67.2) 158 (70.2) 0.42
OMS > 1 221 (32.8) 67 (29.8) 0.42

Score ASA, n (%) ASA 1-2 454 (67.2) 158 (70.2) 0.46
ASA > 2 221 (32.8) 67 (29.8) 0.46

Score de Charlson, my 
(ET)

5.49 (2.3) 5.78 (2.5) 0.12

Dénutrition grave, n 
(%)

5 (0.7) 1 (0.4) 1

Tabagisme, n (%) 333 (49.3) 153 (68) < 0.001
Dyspnée mMRC, n (%) Stade 0 327 (48.5) 136 (60.3) 0.003

Stade 1 205 (30.4) 55 (24.5) 0.003
Stade 2 117 (17.3) 34 (15.2) 0.003
Stade 3 21 (3.1) 0 0.003
Stade 4 3 (0.4) 0 0.003
Stade 5 2 (0.3) 0 0.003

Type de chirurgie, n 
(%)

Segmentectomie 78 (11.6) 34 (15.1) 0.16

Populations avant et après appariement

Avant appariement Après appariement



Aller plus loin ?



SSPI et consultations d’anesthésies :

Diffusion de la RAC 



La RAC il faut que ca marche !!

Conclusion : mémotechnique

Diminution pneumonies et durée 
de séjour 



Pistes d’améliorations : dépister ! 

Zieleskiewicz, Papinko, Leone et al Anesthesia Analgesia sous presse 

Epanchement pleural en SSPI = pneumonies X 6
mortalité X18

Consolidation = VM X3



Médecine personnalisée



• EPP = Amélioration des pratiques :
+ NVPO, Monitorage curares
- Délais de jeun 

• SSPI = carrefour de la RAAC
Staffs communs spécialité/spécialité

Résultats : ancillaires  
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shorter LOS when ERAS was applied, while the 1 randomized study
in this systemic review did not. The median LOS in that random-
ized study was 11 days after lobectomy in both groups, which is
longer than what is typically reported [12]. Although there were no
differences in the overall complication rate, in the randomized

study, the fast-track group demonstrated a statistically significant
lower rate of pulmonary complications at 6.6% vs 35.0%, support-
ing the role of ERAS (P = 0.0009) [12]. Fewer pulmonary adverse
events are an important goal of a fast-track approach. The T-ERAS
pneumonia rate of 2 of 304 (0.7%) compares favourably with

Table 1: VATS lobectomy patient demographics

Patient characteristics Early cohort
(n = 75)

Late cohort
(n = 132)

P-value Pre-T-ERAS
(n = 100)

T-ERAS
(n = 304)

P-value

Age, mean ± SD 65.0 ± 10.7 65.9 ± 10.3 0.56a 66.2 ± 10.0 66.2 ± 10.5 0.98
Gender, n (%)

Male 27 (36) 58 (43.9) 0.33b 53 (53.0) 178 (58.6) 0.39
Female 48 (64) 74 (56.1) 47 (47.0) 126 (41.5)

Race, n (%)
White 63 (89) 97 (75.2) 0.12b 73 (73.7) 236 (81.1) 0.46
Black 2 (3) 10 (7.8) 8 (8.1) 19 (6.5)
Asian 4 (6) 18 (14.0) 14 (14.1) 28 (9.6)
Hispanic 2 (3) 4 (3.1) 4 (4.0) 8 (2.8)

FEV1, mean ± SD 88.0 ± 22.2 85.6 ± 18.0 0.26a 86.6 ± 19.9c 87.5 ± 19.6d 0.70
DLCO (%), mean ± SD 71.8 ± 20.7 74.3 ± 18.4 0.20a 72.7 ± 22.7e 75.7 ± 27.0f 0.29

Statistical tests compare proportions of demographic data for the following time periods: the early T-ERAS cohort (July 2010–July 2012) to the late T-ERAS
cohort (July 2014–July 2016), and the pre-T-ERAS cohort (June 2007–June 2010) to the whole T-ERAS cohort (July 2010–July 2016) are also compared. There
are 4 missing data records, 1 in race and 3 in LOS for pre-T-ERAS, so the numbers do not sum 100.
aThe Mann–Whitney–Wilcoxon test for difference of continuous distributions.
bThe v2 test or the Fisher’s exact test for difference in proportions.
cSeven missing data records.
dOne missing data record.
eTen missing data records.
fEight missing data records.
DLCO: diffusing capacity of the lungs for carbon monoxide; FEV1: forced expiratory volume in 1 s; LOS: length of stay; SD: standard deviation; T-ERAS: thoracic
enhanced recovery with ambulation after surgery; VATS: video-assisted thoracoscopic surgery.

Table 2: Comparison of clinical patient outcomes and 30-day complications in both VATS lobectomy patients prior (n=100) to and
after (n=304) the T-ERAS protocol implementation (July 2010) and in the early T-ERAS cohort versus the late T-ERAS cohort

Clinical outcomes and
30-day complications

Early T-ERAS
cohort (n = 75), n (%)

Late T-ERAS
cohort (n = 132), n (%)

P-value Pre-T-ERAS
(n = 100), n (%)

T-ERAS
(n = 304), n (%)

P-value

LOS (days)
1a 47 (63) 96 (72.7) 0.28 25 (26)b 228 (75.0) <0.001
2 17 (23) 24 (18.2) 24 (25)b 46 (15.1)
>_3 11 (15) 12 (9.1) 48 (50)b 30 (9.9)

Discharged with chest tube 14 (19) 6 (4.6) 0.002 17 (17)b 33 (10.9) 0.11
Atrial arrhythmia 3 (4) 6 (4.6) >0.99 8 (8.0) 12 (4.0) 0.12
Pneumonia 1 (1) 1 (0.8) >0.99 6 (6.0) 2 (0.7) 0.004
Air leak >5 days 11 (15) 4 (3.0) 0.004 3 (3.0) 22 (7.2) 0.16
Deep vein thrombosis 2 (3) 0 (0) 0.13 0 (0) 2 (0.7) >0.99
Pulmonary embolus 1 (1) 1 (0.8) >0.99 1 (1.0) 2 (0.7) 0.58
Acute renal failure 1 (1) 0 (0) 0.36 0 (0) 1 (0.3) >0.99
30-day readmissions 6 (8) 6 (4.6) 0.36 6 (6.0) 15 (4.9) 0.61
Transfusions 0 (0) 3 (2.3) 0.55 3 (3.0) 3 (1.0) 0.16
30-day mortalityc 0 (0) 0 (0) >0.99 2 (2.0) 0 (0) 0.06

aOne patient included in this category was discharged on POD 0.
bThree patients in the pre T-ERAS period were mortalities that were never discharged; therefore, the percentages were out of 97, not 100 for LOS and home
with chest tube variables.
cDeaths related to stroke, myocardial infarction or cardiac complications.
LOS: length of stay; POD: postoperative day; T-ERAS: thoracic enhanced recovery with ambulation after surgery; VATS: video-assisted thoracoscopic surgery.
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Abstract

OBJECTIVES: Our institution implemented a protocol known as thoracic enhanced recovery with ambulation after surgery (T-ERAS) in
thoracic operations. The objective was early ambulation starting in the postoperative ambulatory care unit.

METHODS: Video-assisted thoracoscopic surgery lobectomy patients are placed on a chair in the preoperative area and then walked to
the operating room. Postoperatively, patients are placed on a chair as soon as possible. Our target ambulation goal was 250 feet within 1 h
of extubation. Patients then walk to their hospital room. T-ERAS adoption and outcomes were compared to a pre-T-ERAS period, in addi-
tion to the comparing early and late T-ERAS cohorts.

RESULTS: Over 6 years, 304 patients on T-ERAS underwent a planned video-assisted thoracoscopic surgery lobectomy. Median age was
67 years (range 41–87 years). The target goal was achieved in 187 of 304 (61.5%) patients and 277 of 304 (91.1%) patients ambulated
250 feet at any time in the postoperative ambulatory care unit. The T-ERAS period had a median length of stay of 1 day vs 2 days in the
pre-T-ERAS period (P < 0.001). There were low rates of pneumonia (2/304, 0.7%), atrial fibrillation (12/304, 4.0%) and no postoperative
mortalities for T-ERAS. The target goal was achieved at a greater rate in the late (92/132, 72.0%) versus early (28/75, 37%) T-ERAS cohort.
The mean time to ambulation was reduced in the late cohort (46–81 min).

CONCLUSIONS: Early postoperative ambulation was feasible and considered key in achieving low morbidity after video-assisted thoraco-
scopic surgery lobectomy. Adoption of T-ERAS improved over time. Further studies will help define adoptability at other sites and validate
impact on improving outcomes.

Keywords: Early ambulation • Video-assisted thoracoscopic surgery lobectomy • Enhanced recovery after surgery

INTRODUCTION

Over the past 25 years, there has been tremendous development
and adoption of video-assisted thoracoscopic surgery (VATS)
lobectomy by centres around the world [1, 2]. Although mini-
mally invasive approaches can decrease morbidity and enhance
recovery compared to thoracotomy, there is potential to further
improve clinical outcomes. Institutions utilizing enhanced
recovery after surgery or enhanced recovery with ambulation
after surgery (ERAS) protocols offer an opportunity to accentuate
the efficacy of minimally invasive procedures [3]. A key compo-
nent of most ERAS programmes is early postoperative ambula-
tion [4]. In July 2010, our institution implemented an early
ambulation protocol known as ‘thoracic enhanced recovery with
ambulation after surgery (T-ERAS)’. This fast-track recovery pro-
gramme originated as a quality improvement initiative which
aimed to optimize the benefits of minimally invasive approaches
on our thoracic surgery service.

Over the last 6 years, 1172 thoracic surgery patients have
entered the T-ERAS protocol. The current report focuses on
patients undergoing video-assisted thoracoscopic surgery (VATS)
lobectomies. The T-ERAS protocol involves ambulation instituted
within 1 h of extubation after a VATS resection. The successful
implementation of this programme has required strong interdis-
ciplinary partnerships with nursing, anaesthesia and administra-
tion. Details of the T-ERAS protocol and results after planned
VATS lobectomy are presented below.

MATERIALS AND METHODS

This is an institutional review board-approved, single-centre, ret-
rospective analysis of a quality improvement protocol. This
report includes 2 cohorts of patients who were scheduled for a
VATS lobectomy. The T-ERAS cohort consists of patients from
July 2010 to July 2016 and recovered in a dedicated, cardiothora-
cic, postoperative ambulatory care unit (PACU). The pre-T-ERAS

VC The Author(s) 2018. Published by Oxford University Press on behalf of the European Association for Cardio-Thoracic Surgery. All rights reserved.
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Cohérence externe



Circuit complet patient debout
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Perspectives 
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Au total pré op plus dur que SSPI



Matériel nécessaire 
• 15 brancards simples

• SAS d’accueil



Depuis le 3/10

Plus de transport en lit au bloc opératoire pour tous les services adultes.

Décision et information par l’IDE
1/Marche 2/ Fauteuil 3/ Brancard

Plus de transfert en lit !



Patient dit « Lourd » :
Patient ASA 3-4
Chirurgie lourde

Choc hémorragique per op
Contre-indication médicale ou 
chirurgicale  au lever infirmier 

(rachis etc…)

(si RAC SSPI Lever avec médecin, chirurgien  
ou kinésithérapeute)

• Retour en brancard

TOUS LES AUTRES PATIENTS • Lever infirmier (cf. algorithme MAP )
• Objectif retour à pieds ou fauteuil

Retour 

Algorithme Marche A Pied (marche/fauteuil/brancard?)



Vérifier absence de Contre 
Indication à la mobilisation

Donner boisson 
Score d’Aldrete modifié : 10 – 12

+
EVA à la mobilisation : 0 – 4 

+
Absence de NVPO

OUI

Patient ASSIS au bord du lit + boissons

MARCHE EN SSPI (20m) déscopé
+ accord patient RETOUR A PIEDS

Réévaluation sur deux 
mesures à 5 minutes 

d’intervalle

Score d’Aldrete modifié : 10 – 12
+

EVA à la mobilisation : 0 – 4 
+

Absence de NVPO et PAM >60OUI

Patient DEBOUT à côté du lit, scopé
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+

EVA à la mobilisation : 0 – 4 
+

Absence de NVPO et PAM >60
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NON
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NON 
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PATIENT

Algorithme MAP 
(Marche à Pied)
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