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Should Prone Positioning Be Routinely Used
for Lung Protection During Mechanical Ventilation?

Henry E Fessler MD and Daniel S Talmor MD
[Respir Care 2010;35(1):88-96. © 2010 Daedalus Enterprises]
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Fig. 1. Pleural pressure in dependent and non-dependent lung
regions in supine and prone pigs after volume expansion. (Based
on data in Reference 6.)
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Table 1

Description of the different methods used in experimental and human studies to perform recruitment maneuvers

Methods Study References
Continuous positive airway pressure at 30-60 cmH,0 for 15-60s Saline lavage, oleic acid, and pneumonia in animals  [15-20,54]
Pressure controlled mode: peak inspiratory pressure at 60cmH,0 and Saline lavage in animals [18,20]
end-expiratory pressure at 40 cmH,O for 2 min

Volume controlled mode: 20 breaths at tidal volume of 20 mifkg Anesthetized healthy animals [21]
Continuous positive airway pressure at 30-45cmH,0 for 15-20s Anesthetized healthy patients [23,26]
Preszure controlled mode: peak inspiratory pressure at 30-40cmH,0 and  Anesthetized healthy patients [24,25,27]
end-expiratory pressure at 10-20cmH, 0 far 1 min

Sighs with a tidal volume to reach 45 cmH50 plateau pressure ARDS patients [29,40]
Continuous positive airway pressure at 30-45cmH,0 for 4-40s ALIVARDS patients [30,32,38,39]
Extended =sigh with a tidal volume to reach 40 cmH,0 and end-expiratory ARDS patients [31]

pressure at 35 cmH,0 for 1 min

Pressure controlled mode: peak inspiratory pressure at 40-60cmH,0 and ~ ARDS/brain injury patients [33,36,37)
end-expiratory pressure at 10-30 cmH,0 for 30-120s

Pressure support mode: peak inspiratory pressure at 40 cmH,0O and ALIVARDS patients [35]
end-expiratory pressure for 30s

ALl acute lung injury; ARDS, acute respiratory distress syndrome.
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Studies Using Varied RM

RM method

Outcome

ARDSnet + 35-40 cm H20O CPAP for 40 sec.
ARDSnet + 35-40 cmm H20O CPAP for 30 sec.

3 sighs/min at 45 cm H20 Pplat for 1 hour
CPAP 45 cm H20 for 20 seconds
Decreased VT + increased PEEP

PEEP up to 40, Pplat up to 60 cm H20

40 cm H20O CPAP for 40 sec.

variable effect on SpO2

significant gravity dependent lung densities on CT,
incomplete recruitment

decreased shunt, increased EELV

Improved PaO2
Responders PaO2 increase > 50%
in early ARDS and without

impaired Ccw




Table 3—Daﬁer€nf Lung Recruitment Maneuvers

Recruitment Maneuver Method

Sustained high-pressure inflation®* Sustained inflation delivered by increasing PEEP to 30-50 cm H,O for 20-40 s

Intermittent sigh® Three consecutive sighs/min with the tidal volume reaching a Pplat of 45 cm H,0

Extended sigh® Stepwise increase in PEEP by 5 cm H,0 above baseline with a simultaneous stepwise decrease
in tidal volume over 2 min ]mdmg to implementing a CPAP level of 30 ctn H,O for 30 s

Intermittent PEEP increase™ Intermittent increase in PEEP from baseline to set level for 2 consecutive breaths/min

Pressure control + PEEP™ Pressure control ventilation of 10-15 em H,O with PEEP of 25-30 cm H,O to reach a peak

inspiratory pressure of 40-45 cm H, O for 2 min

CPAP = continuous positive air pressure. See Table 1 legend for expansion of other abbreviation.

Recruitment maneuvers for acute lung

injury: a systematic review. Am | Respir
Crit Care Med. 2008; 178(11): 1156
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Ficure 2. The relationship between oxygenation (Pao /Fro, ratio)
after the application of a recruitment maneuver lptmt RM ) with
baseline (pre-RM) oxvgenation in each individual study presented.
Oxygenation was 519311{1( antly increased post-RM | 1“;10 10, ratio,
139 mm Hg vs 251 mm Hg; P =001 ). B = Pat:ub 1. IPI{‘]_}I‘I‘J]tE‘El
with permission from the American Thoracic ‘:u:-r_mh a2




Optimum PEEP

Compliance, cardiac output,
DOz, decrease

PaO2 and FRC increase

Deadspace increases
(PaCO2-PetCO2)
* Airway Collapse * Poor Right Heart Filling

If PaO2 is unacceptable o
with high PEEP Ao S P N

m fluid administration and

* Open, Stable Alveoli

* Alveolar Overdistension

- ITH?HEME of
Pulmanary Perfusion

* CV Depression

pressors

Table 2— _Methods for Selecting PEEP

Method Description

Incremental PEEP3=-52 This approach uses combinations of PEEP and Fio, to achieve the
desired level of oxvgenation or the highest compliance.

Decremental PEEDP444% This approach begins with a high level of PEED (eg. 20 cm IT,0). after

which PEEP is decreased in a stepwise fashion until derecruitment
occurs, typically with a decrease in Pao, and decrease in compliance.

Stress index measurement™ The pressure-time curve is observed during constant-flow inhalation
for signs of tidal recruitiment and overdistension.
Esophageal pressure measurement®*4® This method estimates the intraplenral pressure by using an esophageal

balloon to measure the esophageal pressure and subseqguently
determine the optimal level of PEEP requirec.
Pressure-volume curve guidance®! PEEP is set slightly greater than the lower inflection point.

See Table 1 for expansion of the abbreviation.
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J  Increase PEEP ! : overdistension

Stress index < | Stress index = | Stress index > |

Ficure 1. Graphic representation of the stress index. Flow and
airway pressure vs time are displaved for three examples of stress
index categories. The ventilator is set for constant-flow inflation.
The stress index is derived from the airway pressure waveform
between the dashed lines. For stress index values <= 1, the airway
pressure curve presents a downward concavity, suggesting a con-
tinuous decrease in elastance (or increase in cmnpha.uccﬂ during
constant-flow inflation, aucl further recruitment of alveoli is likelv.
For stress index values = 1. the curve presents an upward con-

cavity, suggesting a -:w:-tltlm]n:-u‘-, increase in elastance (decrease
in Lmnphaur:cﬂ and excessive positive end-expiratory pressure
may be present. Finally, for a stress index value = 1. the curve is
straight, suggesting the absence of tidal variations in elastance.
Pao = airway pressure. Ll:'lc*l}ntlt{*d with permission from the
American Thoracic Society.™)




PCV vs SI RM
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EFFECTS OF RECRUITMENT MANEUVERS ON OXYGENATION AND CENTRAL HEMODYNAMICS

50

O e A . SI RM:Peak 45cmH20 for
301 Ao 40s
T T « PCV:Peak 45cmH20 for
wod ] :
/ 2min
o ' | | ' : fol. 76 - 2010
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recruitment maneuver. X axis: time (seconds); Y axis: pressure
fcmH ;O
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5 —_  [VINERVA ANESTESIOLOCICA
Figure Z2.—Pressure-titme product of pressure controlled ventila-

tion (POCW) recruitment maneuver. X axis: time (seconds); Y axis:
pressure ([emH-O).
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TABLE I1.— Hemodynamic variables before and after recruitment maneuvers (RM).

Author Pra-RM SI group Post-SI RM group Pre-PCV RM Group Post-PCV RM
Pa0; (mmHg| 86.3£23.7 105.2431.5 88.2+20.2 157.6+61.5*
P/F 141.8+40.7 165.7+44.4 155+30.8 238.8+86.5"
PaCO, (mmHg| 9843.2 62+1.3 00x2.1 h5+3.4
CRS 32+11.1 48+5.1 30+9.4 62+12.5*
Qs/Qt (%) 28.4+ 5.8 23.0% 3.2
28.0+ 5.8 17.34£9.7
C.L (L/min) 3.3+0.9 2.0+0.8" 3.240.5 3.4+0.8
PAOP (mmHg) 214425 284+2.7" 20.4+2.3 19.742
MPAP (mmHg) 40447 8 496+ 2.8 40.245.7 30.243.5*
PVRI (dyne. sec. m2/cm?)
460.5+ 64 848.6+12.4 505 +20.1 247+15.2
RVSWI (g.m/m2)
12414 9.4+0.5 10.6 £0.7 5.740.9*
CVP (mmHg 17.442.5 20.4+2.7 18.1£1.8 19.7+2
Sys/Dia (mmHg| 108.5414.3/53.5¢12.4 | 89+6.5%49.549.2 | 105.5¢15.5/58.2+¢10.4 | 106.5¢13.1; 55.7+10.3
HR (bpm) 85.1¢15.4 84.3+14.3 86+10.5 84.5+13.1

*P<0.05. SI: sustained inflation; PCV' pressure controlled ventilation; P/F: PaOj FiOy ratio; C.L.: cardiac index; PVR: pulmonary vascular resistan-
ce; CVP: central venous pressure; Sys/Dia: Systolic / Diastolic; HR: heart rate.

Conclusion] Given its comparable, or even superior, performance over the ST RM, we favor the PCV technique over

the time-honored S maneuver
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Compliance and Dead Space Fraction Indicate an
Optimal Level of Positive End-Expiratory Pressure After

Recruitment in Anesthetized Patients

METHODS: We studied 20 anesthetized patients with healthy lungs undergoing
faciomaxillary surgery. After a stepwise increase of PEEP/inspiratory pressures
(0/10, 5715, 10/20, 15/25 em H;O, each level lasting 1-::11} using a
pressure-controlled ventilation mode, a recruitment maneuver (at 20/45 cm HyO

for a maximum of 20 min) was perﬁ:nrmecl followed by a stepwise pressure
reduction (15/25, 10/20, 5/15, 0/10 em H,O, with 20 min at each level). At each

pressure level, FRC, compliance, Pao;, and dead space frachon were measured.

imcrease of FPEEP de-craasae of PEEPF

25 25

1
=0 T = =20
10 10

15 |
5

10
L)

60 80 100 120 140 160 180 20O
Time [(min}

Figure 1. Schematic representation of different probtoool
phases. Increase of positive end-expiratory pressure ( PEER),
recruibtment maneuver [(FEhi), and decrease of PEEFR (IF =

inspirabory pressure ).
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CONCLUSIONS: All variables showed the positive effects of PEED in conjunction with
a recruitment maneuver. Optimal PEEP was 10 an H,O because at this pressure
level the highest compliance value in conjunction with the lowest dead space
fraction indicated a maximum amount of effectively expanded alveoli. FRC and
Pao, were insensitive to alveolar over-distension.

(Anesth Analg 2008;106:175-81)
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A recruitment maneuver increases oxygenation

after intubation of hypoxemic intensive care unit
patients: a randomized controlled study

Jean-Michel Constantin®!, Emmanuel Futier!, Anne-Laure Cherprenet!, Gérald Chanques?, Renaud Guerin!,
Sophie Cayot-Constantin!, Mathieu Jabaudon!, Sebastien Perbet!, Christian Chartier!, Boris Jung?,
Dominique Guelon3, Samir Jaber? and Jean-Etienne Bazin!




Meed for intubation

n=67

Exclusion criteria (n=23)

- Cardiac arrest
- MNeurclogical causes
-  Thoracic surgery

Randomization

n=44

Control Group

n=22

Induction Three exclusions Induction

Cardiac amresl 2
ketaminesoalocuring Syslolic pressure < 60 mmHg 1 ketamine/celoo uring

Intubation One exclusion Intubation

(DS score) Salsclive intubation (ID5 seams)

Mechanical ventilation
VT 6-8 mL/kg ; PEEP=5 cmHz0O ; FiOz=1
Control Group (n=20)

Recruitment maneuver group {n=20)




Table 1: Clinical characteristics of patients at inclusion

Control group RM group
{n=20) {n=20)

Age (years) 67+8 62 (9)
Gender (F/M) 7113 515
Height (cm) 167 £ 6 172+8
Weight ikg) 72+18 74+10
SAPS |l scare [16] 4818 44 £23
Knaus class A/B/C/D no.) [18] 2/8/6/4 3/9/6/2
McCabe score 1/2/3 ino) [17] 51005 41076
Diagnosis

Pneumonia (no.) 10 11
Extra pulmonary ALl (no.) 6 7
Other(no) 4 2

ALL: acute lung injury; F: female; M: male; RM: recruitment manoeuvre; SAPS l: simple acute physiclogic score II.
Chi-squared for overall diagnoses: P= 0.673.




Tl " Mechanical ventilation
VT = 6-8 ml'kg
PEEP =5; Fi02=1

Pre-inclusion Preoxygenation ‘

10 to 30 min 3 min
- — | - — |

. | el
!

ABG 1 | ‘ ABG 3 ABG 4

Blood culture Blood culture Blood culture
Tropenin lc Endotracheal
aspirate

Figure 1 Design of the study. During the inclusion perod, patients were randomized to a control or recruitrmeant manoeuyre (R graup. Clinical
parameters were recorded and arteral blood gases (ABG 1) sampled at inclusion. Precxygenation was performed for 3 three-minute peried. Immedi-
ately after tracheal intubation (TI), a second set of ABG measurements were taken (ABG 2). Less than two minutes after intubation, an R was per-
formed (RM group) no RM was administered to patients in the control group. Protective mechanical ventilation with positive end-expiration prassure
(PEEP) at 5 crmH, 2 was commenced immmeadiately after intubation. Five and thirty minutes after intubation, ABG measurements were again performed
(ABG 3 and ABG 4). At inclusion, and 5 and 30 minutes after intubation, blood samples were taken for culture. Troponin Ic levels wers samipled atin-
clusion and six hours after intubation. Thirty minutes after intubation, endotracheal aspiration was performed on all patients. VT: tidal valume.
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Figure 2 Individual PaO, values at different study times. Individual partial pressure of arterdal oxyvgen (PaD.) at inclusion, immmediately after intu-
Eation (ThH, 5 minutes after intubation, and 30 minutes after intubation of patients in the control group copd, and RAM group (bottom). A full circle rep-
resents an individual walue. Bars represent median values. One patient had a PaD, of S04 mimHg after R, These data are not shown in the Figure.,
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Tahkle 4: Bactericlogical data obtained from the 192 patients with positive samples

Before intubation

Blood culture

5 minutes after

intubation

30 minutes after

intubation

Endotracheal
aspirate

30 minutes after

intubkation

Control group (n= 10)

RM group (n=132)

MRSA
P aeruginosa
E coli
Kpneumaoniae
K oxytoca
C albicans

K pneumaniae
E cloacae
Ecoli
Lactabacillus
Calbicans

P aeruginosa

MRSA
P aeruginosa
P aeruginosa
E coli

K pneumoniae

C albicans

M moranil
E cloacae

E coli

MRSA
P aeruginosa
P aeruginosag
Ecoli

K pneumoniae

C albicans
MRSA
P aeruginosa

Kpneumoniae

K pneumoniae
M moranii
E cloacae
Lactobacillus
C albicans
MRESA
P aeruginosa
E fecium
Kpneumoniae
P aeruginosa
P aeruginosa
MRESA

C albicans:Candida albicans;E cloacae: Enterobacter cloacae; E coli: Escherichia coli: E fedium: Enterococcus fecium; K oxytoca: Klebsiella oxytoca; K

pneumaniae: Klebsiella pneumoniae; M moranii: Morganella moranii; MRSA: methicillin-resistant Staphylococcus aureus; P aeruginosa:

Pseudomonas aeruginosa.




Conclusions
Lung collapse following tracheal intubation and anesthe-

sia in hypoxemic patients is often a life-threatening con-
dition. The use of RN appears safe and etficient, limiting
the depth of short-term hvpoxemia in our study popula-
tion. MNotwithstanding the etffect of RM on PaO; levels fol-
lowing intubation, the RM did not decrease desaturation
during intubation. Preoxygenation with intubation fol-
lowed by RM is an attractive treatment strategy that mer-

its further study.

Key messages
« RM immediately after intubation are efficient to
reduce short-term hypoxemia and appeared safe.
+ RN could be used after intubation of hvpoxemic
patients to limit the depth and duration of hvpox-

ermila.
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Introduction: 2009 ESTIN % 251

Temperator e+ 37T. 5 and at least ome of

the Ffollowing symptom=s. =zore throat, —

Infloenra—like 11Iness (LT [—=163]

rhinorrhea, or nasal congestion”

Fharyvongeal or nasopharyngeal
- swabxs were collected foxr
detection of the viras by meanxs
of a real—time ET-FCR

Bilateral infiltrates
on chest radi opraph or | —™

computed tomography

_I_

HiIN]l ponemmonia (o=06)

Sorvived [(n—=T1) Died =15)

Time from onset of symptoms to admission: Mediah 3.5days (Range <1~9) .Most patients not first visit

a: HIN1 influenza diagnosis and treatment program (2009 Third Edition) , Ministry of Health of P.R of China.




B Negative group
O Positive group

survived

m  Positive group: SpO21= 5% within 15min after RM
m  Negative group: SpO21<< 5% within 15min after RM
®m  recruitment maneuvers: TPEEP to 30cmH20 for 40s, 4~ 6 time/24h




Impact factors on the effect

of lung recruitment maneuvers

B PEEP: bascline peep 8~22 cmH20
®m Symptom onset to mechanical ventilation : 4 ~11days

m Consolidation







Male,47yr,no underlying diseases, MV, died




Lung morphology predicts response to recruitment maneuver in
patients with acute respiratory distress syndrome

Jean-Michel Constantin, MD, PhD; Salvatore Grasso, MD, PhD; Gerald Chanques, MD; Sophie Aufort, MD;
Emmanuel Futier, MD; Mustapha Sebbane, MD; Boris Jung, MD; Benoit Gallix;
J

Table 1. Clinical characteristics of the patients

Lower Inflection

Cause of Acute  Tvpe of Acute Point of the
Respiratory Respiratory Cuasi-Static Ideal Body Simple Acute
Distress Distress Lung Pressure—Volume Weight, Omnset, Physiologic
Syndrome Syndrome Morphology  Age, vr Gender  Curve, cm H,0 kg hr Score Catcome
1 Pancreatitis EP NF 42 M ] 6h 6 34 ]
2 Aspiration P NF i) M 12 63 12 32 ]
3 Prizumonia P Fi 7l M 13 70 12 5l 3
4 Peritonitis EP Fi 54 M — T 4R 44 D
& Peritonitis EP Fi 7 F & i & 42 D
] Peritonitis EP NF 73 F b 6h 12 34 ]
7 Prizumonia P Fi N M 0 6l 24 56 3
b Prizumonia P NF &l F 13 Ll 24 45 D
o Prizumonia P NF 55 F 13 6h 6 a7 3
10 Aspiration P Fi 65 M 14 6l 6 N ]
11 Prizumonia P NF 149 M 11 2 12 22 3
12 Prizumonia P NF %] F 3 50 24 5l 3
13 Prizumonia P Fi 62 M 0 64 24 62 3
14 Prizumonia P NF B F G 50 24 32 3
15 Peritonitis EP NF bt M b 67 24 42 ]
1A Peritonitis EP NF 67 M 10 6h 24 26 D
17 Peritonitis EP Fi 7h M — &2 24 61 ]
18 Prizumonia P Fi 65 F 10 67 36 42 3
149 Aspiration P Fi 74 F 13 57 24 60 D
Mean * sp Gy + 15 9.7 x3 6hx 8 200 = 10 45+ 14

P, pulmonary; EP, extrapulmonary; FO, focal; NF, nonfocal; M, male; F, female; D, deceased: 5, survivor.
Patients 4 and 17 had no identifiable lower inflection point on the pressure—volume curve. Onset indicates delay between the diagnosis of acute
respiratory distress svndrome and computed tomography scan.
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ZEEP

Pald = 153 nwmiHg

C12

PEEP=10

Faly? = 15%mnmHg

CT3

RM

Pal? = 11 RminHg

14

PEEP=10

Pald = 1 ASenmiHg

P03 = EImmHE Fall = 13EmmHE #02=3 Fald = 323mmHg

ZEEP PEEP=112 PEEF=11

Figure 5. Two representative patients with focal (wpper) and nonfocal (fower) lung morphology. Computed tomography sections are represented with
color-encoding aimed at evidencing different degrees of lung aeration. In the patient with focal lung morpholegy, recruitment maneuver (EM)-induced
increase in lung velume is essentially made of hyvperinflation (parple) associated to full recruitment of lower lobes (red and green, characterizing nonaerated
and poorly asrated lung, are not visible and are replaced by dark blue and purple). Hyperinflation is already present during the first period of open-lung
ventilation and is much greater after RM. Simultaneously there is a slight increase in Pa0.. In the patient with nonfocal lung morphelogy, RM-induced
increase in lung volume is essentially made of recruitment (red and green are replaced by dark and flight blue, characterizing normally aerated lung regions)
associated to moderate hyvperinflation of nondependent parts of the lungs. Hyperinflation is not observed during open-lung ventilation before or after RM.
Simultaneously, there is a marked increase in PaO, from 89 to 329 mm Hg. ZEEP, zero end-expiratory pressure; PEEP, positive end-expiratory pressure.
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Conclusion: Lung morphology at zero end-expiratory pressure
predicts the response to recruitment maneuvers. Patients with
focal lung morphology are at risk for significant hyperinflation
during the recruitment maneuvers, and lung recruitment is rather

limited. (Crit Care Med 2010; 38:1108-1117)
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A randomised controlled trial of an open lung strategy with staircase
recruitment, titrated PEEP and targeted low airway pressures in patients with
acute respiratory distress syndrome

Critical Care 2011, 15:R133  doi:10.1186/cc10249
PCV Pplat <30cmH20 Vt: 6ml/Kg

1920 mechanically ventilated patients

| i 1cU screened ch 2007 - Nov 2009 SRM: PEEP 40cmmH20O+PCV 15cmH20 for 2min

52 diagnosed with ARDS |

20cmH20 * 30cmH20=*40cmH20 every 2 min O;lce
a ay

29 axcluded

|| [ochesttmuma andar e 25cmH20 —=22.5cmH20 —= 20cmH20 - 17.5cmH20 —
15cmH20 every 3 mim™ Derecuitment PEEP +2.5cmH20

- Graised ICP
- 8 improved Pal2:FIOZ

pg/ml =f=Control pg/ml ===t
- IL-8 8 TNF-alpha Control
23 ht t 2 | ARLA
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4
20 randomised | 128
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5 pneumnania 6 preumonia 54
280 2 A8A
1 necrotising fasciitis 1 burn
2 frauma 1 sepsis
1 '
I l 32 . S - .
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Ke YV messages:

An open lung strategy including staircase recruitment and PEEP titration improved plasma cytokines,

static lung compliance and oxygenation over 7 days

An open lung strategy including staircase recruitment and PEEP titration was safe

Open lung ventilation was associated with a trend for reduced duration of ventilation that requires

investigation in a larger trial

Open lung ventilation was associated with less use of rescue therapies
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