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El colapso y reclutamiento son fendmenos tiempo-dependiente

La constante de tiempo de reclutamiento en un pulmon sano es de 2.6 sequndos

Inicio del
reclutamiento

1.5 seg

Rothen HU. Br J Anaesth 1999; 82: 551-6
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Fast Versus Slow Recruitment Maneuver at Different
Degrees of Acute Lung Inflammation Induced by
Experimental Sepsis

Raquel S. Santos, PhD,* Lillian Moraes, PhD,* Cynthia S. Samary, PhD,* Cintia L. Santos, PhD,*t
Maira B. A. Ramos, RRT,* Ana P Vasconcellos, RRT,* Lucas F. Horta, MS,*
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RESEARCH ARTICLE

The effect of lung recruitment maneuvers on
post-operative pulmonary complications for
patients undergoing general anesthesia: A

meta-analysis

Yu Cui»'#, Rong Cao’, Gen Li%, Tianging Gong', Yingyu Ou’, Jing Huang'

LRMs Non-LRM Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.7.1 step-wise
Aretha 2016 2 4 1 40 1.7% 1.95[0.18, 20.68)
Chol 2017 5 26 13 25 85% 0.37 [0.15,0.89) i
Ferrando 2018 189 479 222 488 231% 087 [0.75,1.01) -
Hemmes 2014 174 437 172 443 228% 1.03[0.87,1.21) +*
PiX 2015 1 2 2 42 17% 1.00 (0.10, 10.41)
Weingarten 2010 5 20 8 20 78% 063[0.25,1.58] e
Whalen 2006 3 10 2 10 35% 150(0.32,7.14) —l
Subtotal (95% CI) 1034 1068 69.1% 0.90 [0.76, 1.08) @
Total events 379 420
Heterogeneity Tau®= 001, Ch*= 792, df=6 (P = 0.24), = 24%
Testfor overall effect Z=113 (P=0.26)
1.7.2 sustain
Futier 2013 21 200 55 200 16.0% 0.38[0.24, 0.61) e
GeY 2013 2 30 13 30 42% 015[0.04,062) S S S
Nestler 2017 2 25 0 25 11% 5.00([0.25,99.16)
Shen 2015 7 60 18 60 96% 0.39[0.18, 0.86) i —
Subtotal (95% CI) 315 315 30.9% 0.37 [0.21, 0.66) -
Total events 32 86
Heterogeneity Tau*=012, Chf=4 46, dr=3(P=022),F=33%
Test for overall effect Z=3.35 (P = 0.0008)
Total (95% CI) 1349 1383 100.0% 0.65[0.47, 0.89] @
Total events 41 506
Heterogenelty: Tau®*= 0.11; Ch*= 32,88, df= 10 (P = 0.0003); = 70% =001 0%’ 3 1¢0 1001‘

Testfor overall effect Z= 2,66 (P =0.008)
Testfor subgroup differences: Chi*= 8.34, df=1 (P = 0.004), F=88.0%

Favours [experimental] Favours [control]
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Effects of two alveolar
recruitment maneuvers in an
‘open-lung” approach during
laparoscopy in dogs

Caterina Di Bella!, Caterina Vicenti?, Joaquin Araos?,
Luca Lacitignola?, Laura Fracassi®, Marzia Stabile?,
Salvatore Grasso*, Alberto Crovace® and Francesco Staffieri®*

Conclusion and clinical relevance: The two ARMs improve lung function in
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Influence of the method of re-expansion of atelectatic
lung upon the development of pulmonary edema in

dogs

ROBERTA J. RAY, MB, CuB; CHRISTIAN M. ALEXANDER, MD; LINDA CHEN, MD,

JAY WILLIAMS, MD, PuD; BRYAN E. MARSHALL, MD, FRCP
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Tusman et al. Crit Ultrasound J (2017) 9:22

Postural lung recruitment assessed PortoTess TR 01700730
by lung ultrasound in mechanically ventilated
children

Gerardo Tusman'", Cecilia M. Acosta', Stephan H. B6hm?, Andreas D. Waldmann?, Carlos Ferrando®,
Manuel Perez Marquez® and Fernando Suarez Sipmann®’#

ORIGINAL ARTICLE Open Access
. - . q
Feasibility of postural lung recruitment oty

maneuver in children: a randomized, controlled
study

Cecilia M. Acosta', Giovanni Volpicelli, Nadia Rudzik', Nicolas Venturin', Sebastian Gerez', Lila Ricci®,
Marcela Natal® and Gerardo Tusman'”
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@ Critical Ultrasound Journal

Acosta et al. Ultrasound J _######4H###EHHHHI#AHE
https://doi‘orgﬂ 0.1186/513089-020-00181-8
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RESEARCH ARTICLE

The effect of lung recruitment maneuvers on
post-operative pulmonary complications for
patients undergoing general anesthesia: A
meta-analysis

Yu Cui»'*, Rong Cao’, Gen Li?, Tianging Gong', Yingyu Ou’, Jing Huang'

RR = 0.67; 95%CI, 0.49 to 0.90; p = 0.007

LRMs Non.LRM Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Aretha 2016 2 41 1 40 15% 1.95[0.18, 20.68]
Choi 2017 5 26 13 25 7.9% 0.37[0.15, 0.89]
Ferrando 2018 189 479 222 488 222% 0.87[0.75,1.01] -
Futier 2013 21 200 55 200 151% 0.38 [0.24, 0.61] —
GeY 2013 2 30 13 30 39% 0.15[0.04,062) ——
Hemmes 2014 174 437 172 443 219% 1.03[0.87,1.21) -
Nestler 2017 2 25 0 25 1.0% 5.00(0.25, 99.16)
PiX 2015 1 21 2 42 1.5% 1.00(0.10,10.41]
Shen 2015 7 60 18 60 89% 0.39(0.18, 0.86] ——
Sulemanji 2014 4 12 4 12 55% 1.00[0.32,3.10) —
Yveingarten 2010 5 20 8 20 73% 0.63(0.25,1.58] —
Yvhalen 2006 3 10 2 10 32% 1500032, 7.14]  EEEE—
Total (95% CI) 1361 1395 100.0% 0.67 [0.49, 0.90] <@
Total events 415 510
Heterogeneity. Tau*= 0.10, Chi*= 32,94, df= 11 (P = 0.0005), F=67% -0 o1 03‘ ] 1?0 100=

Testfor overall effect Z= 261 (P=0.009)

LRMs Non-LRM




RM Control Mean Difference

an a ea 2 /o
Choi 2015 402.2 80 30 3984 734 31 115% 3.80 [-34.76, 42.36] [

Jung (1) 2014 360 22 30 289 41 30 185% 71.00 [54.35, 87.65) -

Jung (2) 2014 272 24 30 236 43 30 18.2% 36.00 [18.38, 53.62] -

Kim 2019 428 122 20 454 123 20 49% -26.00[-101.93, 49.93) - 1

Li (1) 2020 173.75 62.02 45 153.13 56.71 44 15.8% 20.62 [-4.06, 45.30] ™

Li(2) 2020 166.25 40.28 45 13438 551 42 17.3% 31.87 [11.47, 52.27) -

Shi 2019 339 44 18 312 50 18  13.8% 27.00[-3.77, 57.77) _'_

Total (95% CI) 218 215 100.0%  31.31[12.11, 50.52] »>

Heterogeneity: Tau® = 447.68; Chi* = 23.47, df = 6 (P = 0.0007); I = 74%

Test for overall effect: Z =3.20 (P = 0.001) 200 -100 0 100 200

Favours control  Favours RM

General Thoracic and Cardiovascular Surgery
https://doi.org/10.1007/s11748-021-01673-7

ORIGINAL ARTICLE t')

Check for
updates

Recruitment maneuvers in patients undergoing thoracic surgery:
a meta-analysis

Ming-Chi Hu'2- You-Lan Yang®* - Tzu-Tao Chen'? - Jui-Tai Chen®® . Tung-Yu Tiong’ - Ka-Wai Tam?®21?

Received: 6 May 2021 / Accepted: 12 June 2021
©The Japanese Association for Thoracic Surgery 2021

RM Control Mean Difference Mean Difference
Jdy O Dgro n £ 2arn £ feigh Random, 99° Random, 99%
Jung (1) 2014 357 32 30 336 3 30 424% 2.10[0.53, 3.67] —
Jung (2) 2014 352 26 30 332 29 30 537% 2.00 [0.61, 3.39] —
Park 2011 3 9 21 31 8 21 39%  500[-0.15 10.15)
Total (95% Cl) 81 81 100.0% 2.16 [1.14, 3.18] <>
Heterogeneity: Tau? = 0.00; Chi? = 1.22, df = 2 (P = 0.54); I = 0% + t t

-10 -5 0 5 10
R

Test for overall effect: Z = 4.15 (P < 0.0001) Favours control Favours RM



Safety and effectiveness of alveolar recruitment maneuvers and
positive end-expiratory pressure during general anesthesia for
cesarean section: a prospective, randomized trial

P : . I c e oy N i
D. Aretha,” F. Fligou,” P. Kiekkas,” C. Messini,” E. Panteli,” E. Zintzaras,"

M. Karanikolas®

International Journal of Obstetric Anesthesia (2017) 30, 30-38
0959-289X/% - see front matter © 2016 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/].1joa.2016.12.004
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wuov) Atelectasis and perioperative pulmonary
complications in high-risk patients

Gerardo Tusman® Stephan H. Bohm®, David O. Warner®, and Juraj Sprung®

Anesthetic factors Surgical factors Patient factors
* Muscle dysfunction * Thoraco-abdominal surgeries * Age
*Muscle disruption * Surgical retractors * Body weight
* Low phrenic nerve output * Faulty surgical technigues * Smoking
* Pain * Pneumoperitoneum *Previous respiratory diseases
* Mucociliary dysfunction * Body positioning *Meteorism —abdominal
* Blood displacement between compartment syndrome.

thorax and abdomen
* Fluid therapy

Respiratory restrictive pattern
(| FRC-FVC)

Lung collapse
* airway closure
* atelectasis

!

Postoperative pulmonary complications

Hypoxemia Pneumonia Local inflammatory response Ventilator induced lung injury
* Decreased DOy * Macrophage dysfunction * Local hypoxia or hyperoxia * Cyclic tidal recruitment
* Systemic ischemia- * Loss of surfactant * Local mechanical * Tidal overdistension
reperfusion injury parenchymal stress
* Delirium * Bacterial growth * Biotrauma *Time-prolonged ventilation
* Wound infection * Bacterial translocation

* Arrhythmias
* Myocardial ischemia
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Effects of a stepwise lung recruitment manoeuvre and positive end-expiratory
pressure on lung compliance and arterial blood oxygenation in healthy dogs

S. Canfran®*, LA. Gomez de Segura?, R. Cediel ?, ]. Garcia-Fernandez "
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Comparative effects of open-lung positive end-expiratory pressure (PEEP) )
and fixed PEEP on respiratory system compliance in the isoflurane e

anaesthetised healthy dog

Virginia Garcia-Sanz, Delia Aguado”, Ignacio A. Gomez de Segura, Susana Canfrdn

Service, Dep of Animal icing and Surgery, Veterinary Teaching Hospital, Veterinary Faculty, Complutense University of Madrid, Avda. Puerta
de Hierro s/n, 28040 Modrid, Spain
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Effect of body position and time on quantitative
computed tomographic measurements of lung volume
and attenuation in healthy anesthetized cats

. VMS
Tirnnth'f 5. Foo VM AJVE =Vol 79 « Mo 8 « August 2018
Joanna L. Pilton Bvs.
Evelyn ). Hall B5cAgr, PrD
Fernando Martinez-Taboada DvM

Mariano Makara Dr Meda Vi

Received August 8, 2018.
Accepred September 28, 2017,

RESULTS

In lateral recumbency, the dependent lung had significantly greater
attenuation and a lower volume than the nondependent lung. Within the
dependent lung, there was a significantly higher percentage of poorly aerated
lung tissue, compared with that in the nondependent lung. These changes
were detected immediately after positioning the cats in lateral recumbency
and remained static with no further significant time-related change.




An alveolar recruiting manewver followed by positive end-expiratory pressure
improves lung function in healthy dogs undergoing laparoscopy

Caterina Di Bella, Luca Lacitignola, Salvatore Grasso, Paola Centonze, Antonella
Greco, Rossella Cstuni, Antonio Crovace, Francesco Staffier
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Veterinary Anaesthesia and Analpesia 2022, 49, 443—451 https://dol.org/ 10,1016/ .vaa 2022 06.003

RESEARCH PAPER

Lung aeration and volumes following alveolar
recruitment maneuvers with three airway pressures in
healthy anesthetized and mechanically ventilated

Joagquin Araos”, Samantha Sedgwick™", Francesco Staffieri, Pablo Donati’ & Manuel Martin-Flores”
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Hemodynamic effects of lung recruitment
maneuvers in acute respiratory distress
syndrome

Anup Das', Mainul Haque?, Marc Chikhani**, Oana Cole?, Wenfei Wang', Jonathan G. Hardman®*
and Declan G. Bates'
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Maoderate ARDS, HIGH CO [25]
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Conclusions: Our results support the hypothesis that patients with severe ARDS and significant numbers of alveolar units
available for recruitment may benefit more from RMs. Our results also indicate that a higher than normal initial cardiac
output may provide protection against the potentially negative effects of high intrathoracic pressures associated with RMs
on cardiac function. Results from in silico patients with mild or moderate ARDS suggest that the detrimental effects of
RMs on cardiac output can potentially outweigh the positive effects of alveclar recruitment on oxygenation, resulting in

overall reductions in tissue oxygen delivery.
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Effects of fluid load on cardiovascular function during stepwise lung
recruitment manoeuvre in healthy dogs

S. Canfran**, LA. Gomez de Segura®, R. Cediel?, ]. Garcia-Fernindez ”
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Presion positiva al
final de la
espiracion

 Aumentar la capacidad residual
funcional

* Mejorar la oxigenaciony
disminuir el shunt

 Evitar la apertura y cierre ciclico
alveolar




Guillermo Bugedo', Jaime Retamal’, Alejandro
Bruhn'

REVIEW ARTICLE

Does the use of high PEEP levels prevent

ventilator-induced lung injury?
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Journal of Clinical Monitoring and Computing
https://doi.org/10.1007/510877-018-0153-0

ORIGINAL RESEARCH

Performance and applications of bedside visual inspection of airway
pressure-time curve profiles for estimating stress index in patients
with acute respiratory distress syndrome

Phunsup Wongsurakiat' © - Nadwipa Yuangtrakul'
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Noninvasive Monitoring of Lung Recruitment
Maneuvers in Morbidly Obese Patients: The Role of
Pulse Oximetry and Volumetric Capnography

Gerardo Tusman, MD,* lvan Groisman, MD,* Felipe E. Fiolo, MD, FACS, T Adriana Scandurra, PhD, ¥
Jorge Martinez Arca, ¥ Gustavo Krumrick, MD,* Stephan H. Bohm, MD,§ and
Fernando Suarez Sipmann, MD, PhD||q

We used the Spo, signal to detect the lungs” opening pres-
sure in the following way. First, we performed an Spo,—Fio,
trial according to Jones and Jones.* Fio, was decreased by
10% for 1 minute, starting from 100% and ending at 21%
or at the lowest Fio, at which Spo; reached the lowest pre-
defined cutoff value of 92% (above the hypoxemic thresh-
old). This trial was performed to reveal occult potential

during the descending limb, a PEEF that results in a decrease
of 5po, <97% can be defined as the lungs’ closing pressure.




Meétodos para la seleccion de la PEEP luego de una MRA

*Stress index
*Sp0O2
* Ecografia

Compliance
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Ultrasonography for the assessment
of lung recruitment maneuvers

Gerardo Tusman’, Cecilia M. Acosta and Mauro Costantini .
: W Critical Ultrasound Journal

@ Check lung aeration

r Evidence of lung collapse? —v
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e s ey
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ventilation
I—> @ Check hemodynamics
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v— Stable hemodynamics?—v
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@ Find lung's opening
and closing pressures
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Pablo Donati

UCICOOR. Josa Maria Moreno 635, CABA. Ba. As_, Argenting.

Compliance: Vt / presién (presion plateau — PEEP)

.- LT

* Presion Presion Plateau
* pico




Research

Effects of descending positive end-expiratory pressure on lung

mechanics and aeration in healthy anaesthetized piglets
Alysson Roncally S Carvalho!, Frederico C Jandre!, Alexandre V Pino?, Fernando A Bozza?,

Jorge | Salluh4, Rosana S Rodrigues®, Jodo HN Soares® and Antonio Giannella-Neto!

Critical Cara Vol 10 Mo 4 Carvalhio ef al.

Paw (cmH,0)




CORRESPONDENCE

Role of recruitment manoeuvres in reducing postoperative
pulmonary complications during driving pressure-guided
ventilation: a meta-analysis and sequential analysis

Enrico Tamburini'® , Honoria Ocagli® and Michele Carron™**®

British Jouwrnal of Anoesthesia, 134 (4): 12321234 (2025)

a DP-guided ventilation combined with RMs compared with conventional protective ventilation with RMs

DPV CcPV Waight Weight
Study Events Total Events Total RR RR 95% ClI (fixed) (random)
Zhang 2021 28 a7 42 &7 0.62 [043 0.88] 54.3% 63.6%
Kim 2023 25 178 36 185 & 0.72 [0451.15] 457% 36.4%

]
Fixed-effects model 245 252 -+- 0.67 [0.50: 0.89] 100.0% -
Random-effects model B i 0.65 [0.49; 0.87] - 100.0%
Heterogeneity: F=0%, t*=0, P=0.60 - -
0.5 1 2

b DP-guided ventilation without RMs compared with conventional protective ventilation without RMs

DPV cPv Waight Welght
Study Events Total Ewvents Total RR RR 95% Cl (fixed) (random)
Mink 2021 2 41 10 41—.—H— 0.20 [0.05 0.B5] 36.8% 35.8%
Zhang 2022 0 24 0 24 : 0.0% 0.0%
Yang 2023 0 23 0 22 | 0.0% 0.0%
Liu 2023 0 25 0 26 :l 0.0% 0.0%
Ernest 2023 11 80 18 it —:IF.--— 067 [0.34:1.34] 63.2% 64,29

il

Fixed-effects model 193 201 i 0.50 [0.27;0.91] 100.0% -
Random-affects model e 0.44 [0.14: 1.38] - 100.0%
Heterageneity: £=55%, -2=0.4188, P=0.13
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Effect of driving pressure-guided positive end-expiratory pressure
(PEEP) titration on postoperative lung atelectasis in adult patients
undergoing elective major abdominal surgery: A randomized
controlled trial

Gouri Mini, MBBS®, Bikash R. Ray, MD", Rahul K. Anand, MD, EDIC?, Thilaka Muthiah, MD“,
Dalim K. Baidya, MD, EDIC®, Vimi Rewari, MD~, Peush Sahni, M5, PhD",
Souvik Maitra, MD, DNB, EDIC*

p=0.638 p=0.087 p=0.00] p<0.00]

Decremental PEEP titration when
DP increases with PEEP increment

Group
= T
ES Taaied PEEP

Post-induction s s e - P %
- Tl ;

PEEP= 2 cm

Tierss Pt



Compliance Estatica vs Dinamica

* Compliance Estatica:
Volumen tidal/Presidn
meseta — PEEP tot

* Compliance Dinamica:
Volumen tidal/Presién pico —
PEEP tot
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